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Leprosy is an infectious disease that remains endemic in approximately 100 developing countries, where about 200,000 new cases are diagnosed each year. Moreover, multibacillary leprosy, the most contagious form of the disease, has been detected at continuously higher rates among Brazilian elderly people. Due to the so-called immunosenescence, characterized by several alterations in the quality of the immune response during aging, this group is more susceptible to infectious diseases. In view of such data, the purpose of our work was to investigate if age-related alterations in the immune response could influence the pathogenesis of leprosy. As such, we studied 87 individuals, 62 newly diagnosed and untreated leprosy patients distributed according to the age range and to the clinical forms of the disease and 25 healthy volunteers, who were studied as controls. The frequency of senescent and memory CD8+ leukocytes was assessed by immunofluorescence of biopsies from cutaneous lesions, while the serum levels of IgG anti-CMV antibodies were analyzed by chemiluminescence and the gene expression of T cell receptors' inhibitors by RT-qPCR. We noted an accumulation of memory CD8+ T lymphocytes, as well as reduced CD8+CD28+ cell expression in skin lesions from elderly patients, when compared to younger people. Alterations in LAG3 and PDCD1 gene expression in cutaneous lesions of young MB patients were also observed, when compared to elderly patients. Such data suggest that the age-related alterations of T lymphocyte subsets can facilitate the onset of leprosy in elderly patients, not to mention other chronic inflammatory diseases.
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INTRODUCTION

Leprosy is a neglected chronic infectious disease caused by Mycobacterium leprae, which remains a public health problem in low-income countries (1, 2). M. leprae affects mainly the skin and peripheral nervous system, where the bacilli are responsible for neurological damage, bone resorption, and irreversible physical disabilities (3–5). Genetic and environmental factors contribute to disease progression (3). Fortunately, around 95% of people are genetically resistant to M. leprae infection (3, 6).

Leprosy presents a wide spectrum of clinical forms, which is essentially determined by the presence (or absence) of cell-mediated immunity (CMI) against the pathogen. According to the Ridley and Jopling classification (7), tuberculoid forms (T-Lep) are characterized by a strong immune response to localized disease with a single (or few) skin lesion(s) without bacilli detection. On the other side, lepromatous forms (L-Lep) are characterized by several disseminated skin lesions with many bacilli, and the absence of CMI against M. leprae. Between these polar forms (TT and LL) there are borderline forms (BT, BB, and BL), which comprise most of the patients. In addition, there is also a WHO classification, a more practical and operational classification, which classifies leprosy patients into two groups: paucibacillary leprosy (PB leprosy) that presents five or less skin lesions and no apparent bacilli in slit-skin smears; and multibacillary leprosy (MB leprosy) with more than five skin lesions (8).

During the aging process, significant changes in the composition of peripheral T lymphocytes occur (9). These changes are mostly caused by decline in the output of naïve T cells due to thymic involution and exposure to pathogens over the lifetime, especially latent viruses, such as cytomegalovirus (CMV), which are related to the accumulation of highly differentiated CD8+ memory T cells (9, 10). Although a mechanism of compensation by homeostatic proliferation partly maintains the numbers of naïve T cells in the periphery, the adaptive immune system in elderly people is characterized by higher proportions of memory T cells and lower proportions of naïve T cells (11). CD8+ T cells play a central role in the recognition and clearance of intracellular pathogens, such as M. leprae. CD8+ T cell frequency is similar between the leprosy clinical forms, although functional features such as higher IL-10 levels in MB compared to PB patients in this T cell subset has been observed (12). Moreover, TNF-producing CD8+ T cells are essential in the pathogenesis of the type 2 leprosy reaction in MB patients, these reactions are episodes of acute hypersensitivity presenting as aggravation of the previous symptoms and skin lesions (13).

During the aging process, the T cell costimulatory molecule, CD28 (needed for activation and survival), is lost, interfering in cellular signaling and functional aspects of these cells (14, 15). The binding of CD28, expressed on the T cell surface, to CD80 or CD86 stimulates IL-2 production leading to T cell activation and proliferation, while signals through the TCR/CD3 complex in the absence of a costimulatory signal induces anergy (16). Recent works have shown that the loss of CD28 expression is a hallmark of senescent CD8+ T cells, and proportion changes in CD8+CD28− cells have been reported in aging-related diseases such as cancer, cardiovascular disease, and other chronic inflammatory diseases (17–19). Accumulating evidence indicates that CD8+CD28− T cells play a relevant role in immune response suppression, such as impairing T cell activation and proliferation, and inducing apoptosis in these cells in vitro (20, 21). The immunosuppressive mechanisms performed by these cells are diverse, including secretion of anti-inflammatory cytokines, increased expression of programmed cell death protein 1 (PD-1) and its ligands, and FasL (22, 23). Several studies showed that the CD28 constitutive expression level is similar between PB patients and healthy individuals, while MB patients presented lower CD28 expression (24–26). This suggests that upregulation of the CD28 molecule plays a critical role in the cell-mediated immunity response against M. leprae, restricting the proliferation of the pathogen.

The present study aimed at investigating potential age-related alterations that are associated with CD8+ cells in elderly leprosy patients. For this purpose, blood and skin lesion samples from young and elderly patients were evaluated for the frequency of memory and senescent CD8+ T cells, anti-CMV IgG titers, and gene expression of inhibitory T cell receptors. We observed the accumulation of memory CD8+ cells in the skin lesions of all elderly patients, followed by a lower frequency of CD8+CD28+ in elderly PB patients compared to young ones. We also observed changes in gene expression of the LAG3 and PDCD1 receptors in cutaneous lesions of young MB patients and not in elderly leprosy patients.



METHODS


Participants and Study Design

All enrolled leprosy patients were classified according to the Ridley and Jopling scale (1966), then the diagnosis was confirmed by clinical examination and histopathological analysis of skin lesions. Blood and skin lesion samples were collected before treatment (Figure 1). Patients were classified according to clinical forms and also stratified into two groups: young (20–40 years old) and elderly (over 60 years old). All patients and healthy volunteers resided in the metropolitan region of Rio de Janeiro state, Brazil, a leprosy endemic area. Exclusion criteria for leprosy patients and healthy elderly volunteers were: relapse cases, pregnancy or breast-feeding women, co-infections such as tuberculosis, hepatitis B and C, and HIV. Hypertensive and diabetic elderly individuals under drug control were included. As previously mentioned, our work used clinical samples of young and elderly patients diagnosed according to the R&J criteria. Nevertheless, in order to avoid repetitions, BL and LL individuals shall be hereinafter grouped as MB patients, and BT and TT as PB patients.


[image: Figure 1]
FIGURE 1. Study design. Groups of individuals evaluated and tests performed. A total of 62 leprosy patients and 25 healthy volunteers were clinically and/or laboratory assessed. At each analysis performed, the numbers of individuals tested by group are shown (inside the boxes).




Ethical Considerations

The study was approved by the Institutional Ethics Committee of Oswaldo Cruz Foundation/FIOCRUZ (permit protocol number 27052919.0.0000.5248). Leprosy patients and healthy volunteers signed a written consent form to participate in the study. The biological samples from leprosy patients were obtained at the Leprosy outpatient clinic (FIOCRUZ/Rio de Janeiro). Elderly healthy individuals were recruited at the Human Aging Laboratory – GeronLab, Policlínica Piquet Carneiro (UERJ/Rio de Janeiro).



Immunofluorescence Assay

Frozen skin lesion section assays were performed in a Leica LM3000 cryostat, fixed in paraformaldehyde. Unspecific binding sites were blocked with 10% Fetal Calf Serum (FCS, GIBCO, Life Technologies) in 0.01 M of PBS for 1 h at room temperature. Permeabilization was performed by incubating the sections with 0.05% Triton X-100 for 15 min. Rat IgG2b anti-human CD8 (1:50; Abcam, ab60076), mouse IgG2a anti-human CD45RO (1:25; Abcam, ab86080), and rabbit IgG anti-human CD28 (1:50; Abcam, ab243228) or their respective isotypes were diluted in 1% Bovine Serum Albumin (BSA, Sigma-Aldrich) in 0.01 M of PBS and incubated at 4°C overnight. Tissue sections were washed three times and incubated with Alexa Fluor 594 goat anti-Rat IgG (1:1,000, Abcam, ab150164), Alexa Fluor 633 goat anti-mouse IgG1 (1:1,000, ThermoFisher Scientific, A-21126), and Alexa Fluor 488 goat anti-rabbit IgG (1:1,000, Abcam, ab150077) secondary antibodies for 1.5 h at room temperature. The nuclei were stained with 4′-6-diamidino-2-phenylindole (DAPI; 1:10,000, Molecular Probes, D1306), and slides were mounted with VECTASHIELD Mounting Medium (Vector Laboratories, H-1000). Tissues were imaged using an Axio Observer.Z1 (Carl Zeiss, Oberkochen, Germany) using an EC Plan-Neofluar 20×/0.50 objective and Plan-Apochromat 63×/1.3 oil objective. Images were acquired with an AxioCam HRm digital camera, in the format of structured confocal images by Apotome (Carl Zeiss), mathematically deconvoluted by the AxioVision Rel. 4.6 software (Carl Zeiss). For quantitative analysis of CD8+, CD45RO+, and CD28+ cells, 10 microscopic fields were imaged and the number of positive cells was counted in each field. The results were summarized as the average of fields' counts, as determined by three independent observers.



CMV Serology

IgG antibodies against CMV were determined in sera samples with a commercially available chemiluminescent microparticle immunoassay according to the manufacturer's instructions (Architect CMV IgG, Abbott Laboratories, Diagnostic Division, Sligo, Ireland). Absorbance was measured and an optical density (OD) ratio was calculated. The default result unit for the assay was AU/mL. Specimens with concentration values ≥15.0 AU/mL were considered reactive for IgG antibodies to CMV and indicated past or acute infection.



Total RNA Isolation and cDNA Synthesis

The total RNA from whole blood obtained by venous puncture was isolated using the PAXgeneTM Blood RNA kit (Qiagen, Hilden, Germany) in accordance with the manufacturer's instructions. For biopsy specimens, RNA from skin lesion samples (6 mm3 punch) was obtained using the Polytron Homogenizer Model PT3100 apparatus (Kinematica AG, Lucerne, Switzerland) in 2 mL of TRIzol™ Reagent (ThermoFisher Scientific, Massachusetts, USA), following the manufacturer's instructions. Total RNA was treated with TURBO™ DNase (ThermoFisher Scientific) according to the manufacturer's standard protocol, quantified, and their integrity was evaluated by agarose gel electrophoresis. RNA reverse transcription into cDNA was performed as previously described (27).



Gene Expression Analysis by RT-qPCR

Quantitative RT-PCR was carried out with a final volume of 10 μL containing 200 nM of each primers (Supplementary Table 1), 1X Fast SYBRTM Green Master Mix (ThermoFisher Scientific), and 10 ng of cDNA. All reactions were conducted with three technical replicates for each biological sample. No reverse transcriptase negative controls and no template controls were included in each run. The assays were performed on a StepOnePlusTM Real-Time PCR Systems thermocycler (ThermoFisher Scientific) as detailed elsewhere (27). The relative expression levels of the genes of interest were normalized by ribosomal protein L13. qPCR data analysis was performed with the N0 method implemented in LinRegPCR v. 2020.0, which considers qPCR mean efficiencies estimated by the window-of-linearity method as proposed by Ramakers et al. (28) and Ruijter et al. (29). Briefly, N0 values were calculated in LinRegPCR using default parameters. Then, N0 values from the gene of interest (GOI) were normalized by taking its ratio to the N0 of the reference gene (REF) RPL13a (N0GOI/N0REF).



Biomark Fluidigm Gene Expression

Gene expression from whole blood was measured using Biomark's microfluidic-based qPCR technology. cDNA was obtained from RNA as described above. Then, 1.25 μL of cDNA (from stock concentration of 5 ng/μL) was pre-amplified with a pool of 96 primer pairs (final concentration of 50 nM) with the TaqMan PreAmp Master Mix 2X (Applied Biosystems, USA, # 4391128) in a GeneAmp PCR System 9700 thermocycler for 14 cycles. All subsequent steps are detailed in research by Guerreiro et al. (27). For data analysis, initial quality control was performed based on melting curve analysis (MCA) using the Fluidigm Real-Time PCR Analysis Software v. 4.5.2, where targets with multiple dissociation curve peaks were removed from further analysis. Later, raw data were exported and processed with custom R scripts as described elsewhere by Guerreiro et al. (27). In brief, foreground data (EvaGreen) were adjusted by the subtraction of background (Rox) intensity to generate Rn (background-adjusted accumulated fluorescence). Then, qPCR reaction efficiency was estimated by fitting a four-parameter sigmoid model according to Rutledge and Stewart (30), with functions from the R package qpcR v.1.41-1 (31). Cycle thresholds (Ct) were determined from the maximum of the second derivative from the fitted sigmoid curve. Cts and efficiencies were used to estimate relative expression based on the method proposed by Pfaffl (32). The normalization factor used in the denominator for relative expression consisted of the geometric mean from RPS16, RPL13, and RPL35 genes, selected as the most stable by the R implementation of the geNorm algorithm (33, 34).



Statistical Analysis

Results were analyzed using Statistical Package for the Social Sciences (SPSS) V. 10.1 (SPSS, Inc., Chicago, IL, USA) and Graph Prism V. 8 (San Diego, CA, USA) software. After testing for normality (Shapiro-Wilk normality test), non-normally distributed data were analyzed through non-parametric tests. The Mann/Whitney U-test was used to test the differences between two groups, and comparisons between more than two groups were examined through the Kruskal-Wallis test followed by post-hoc Dunn's correction. Normally distributed data were compared using one-way ANOVA followed by Tukey's multiple comparisons test. A P-value < 0.05 was considered statistically significant.




RESULTS


Subject Demographics and Clinical Data

The present study enrolled 87 individuals, 62 of whom were patients diagnosed with leprosy and 25 were healthy volunteers (HV). Both patients and HV were divided into two groups according to age: young (20–40 years age) and elderly (60 years age or older). The mean age of the young groups was 30 years of age (29.3 for young HV, 29.3 for young PB, 31.7 for young MB). In the elderly groups, the mean ages were 79.1, 69.1, and 67.7 years for elderly HV, elderly PB, and elderly MB patients, respectively. Participants' clinical and demographic data are shown in Table 1.


Table 1. Characteristics of study population.

[image: Table 1]

According to the Ridley and Jopling classification of patient clinical spectrums, those in the MB group were classified as BL (40%) or LL (60%), while PB patients were either TT (12.5%) or BT (87.5%). Among elderly MB patients, there was a high frequency of male individuals when compared to the other groups. This unequal gender distribution was expected due to the influence of sex hormones on the immune response to infectious diseases. Lower education level (average of 5 years) of elderly patients was not related to a delay in diagnosing the disease. Although young patients had higher education levels when compared to elderly patients (p = 0.0035), especially in the PB group (10 years), the time from symptoms onset to disease diagnosis was, on average, 1 year for both young and elderly participants.

Bacterial load, as measured by the bacterial index (BI) in slit skin smears samples, was greater in young MB patients than in the elderly patients, although this difference was not significant (p = 0.2932). On the other hand, bacterial lesion index (BLI) was significantly greater in young MB patients than in elderly patients (p = 0.0112). This information is particularly interesting considering that the frequency of MB patients in young and elderly groups was similar.



Memory Cutaneous CD8+ Cell Populations are More Frequent in Elderly Leprosy Patients

Memory CD8+ cells (CD8+CD45RO+) presence was detected in patients' skin lesions by labeling with anti-CD8 and anti-CD45RO antibodies, as described in the methods section. Figure 2A represents results from the four studied groups. CD8+ leukocytes were significantly higher in elderly skin lesions when compared to those of young patients, regardless of clinical form (Figure 2B). Memory CD8+ cells (CD8+CD45RO+) were also greater in elderly than in young patients (Figure 2C), irrespective of clinical form. On the other hand, naïve cells (CD8+CD45RO−) were not significantly different in skin lesions from young and elderly patients (Figure 2D). As expected, these results demonstrate an accumulation of memory CD8+ cells in elderly patient skin lesions, which is a process linked to immunosenescence.


[image: Figure 2]
FIGURE 2. Frequency of memory CD8+ T cells in skin lesions samples. Immunofluorescence assays were performed to determine the number of memory CD8+ T cells (CD8+CD45RO+) in skin lesions of leprosy patients. The images are representative of a patient from each group of four individuals, where CD8 (red, Alexa Fluor 594), CD45RO (yellow, Alexa Fluor 633), and the nuclei (blue) were stained with DAPI (A). The images were visualized and obtained by a Zeiss Colibri fluorescent microscope, and the scale bar was 20 μm. The graphs show the frequency of (B) CD8+ T cells, (C) CD8+CD45RO− T cells, and (D) CD8+CD45RO+ T cells. Analysis was performed by one-way ANOVA followed by Tukey's multiple comparison test. Data are representative of four individuals in each group and the results are shown as means ± SD, where **P < 0.01, and ***P < 0.001.




Low Frequency of CD8+CD28+ Cells in Skin Lesion Samples of Elderly Leprosy Patients

Although CD8+ T lymphocytes play an important part in controlling M. leprae proliferation, the presence of these senescent lymphocytes (CD8+CD28−) may hinder the control of infection due to their regulatory T cell activities. Figure 3A presents CD8 and CD28 expression in skin lesions of the groups of patients in this study. CD8+CD28+ cells were significantly more frequent in young PB than elderly PB patients in skin lesions (p = 0.0015; Figure 3B). However, the same was not observed among patients in MB groups, in which both young and elderly exhibited similar levels of CD8+CD28+ cells (Figure 3B). Ratios were calculated between CD8+CD28+ and total CD8+ cells in order to confirm the higher frequency of CD8+CD28+ cells in young PB patients when compared to total CD8+ cells (Figure 3C).


[image: Figure 3]
FIGURE 3. CD28 expression in blood and skin lesion samples. Fluorescence immunostaining of CD28 (green) and CD8 (red) in skin lesions. (A) The images are representative of a patient from each group of four individuals. Images were visualized and obtained by a Zeiss Colibri fluorescent microscope and the scale bar was 20 μm. The graphs show the frequency of (B) CD8+CD28+ T cells, (C) ratio between CD8+CD28+ cells and CD8+ T cells, and the data are demonstrated by means ± SD. The results of CD28 gene expression in (D) blood samples and (E) skin lesion samples are shown in normalized expression values. Whole blood samples were measured using Biomark's microfluidic-based qPCR technology and experiments with skin lesions were performed with RT-qPCR. Each circle represents an individual, horizontal bars indicate the mean. (F) IgG anti-CMV antibodies in sera samples in the studied groups were performed by a chemiluminescence method. Bars represent mean ± SD. Analysis was performed by one-way ANOVA followed by Tukey's multiple comparison test, and **P < 0.01.


Gene expression of co-stimulating CD28 in whole blood samples showed no difference in CD28 mRNA expression in blood across the studied groups (Figure 3D). However, when it comes to CD28 mRNA expression in skin lesions by RT-qPCR, elderly MB patients showed a significant reduction when compared to other groups in the study, including young patients with the same clinical form (Figure 3E; p = 0.0024).

Latent subclinical infection caused by CMV may lead to immunological alterations linked to aging, such as the accumulation of memory CD8+ cells that do not express CD28. We carried out detection of anti-CMV IgG in the serum of studied participants. All elderly patients were positive for anti-CMV IgG, while 85% of young patients were positive. The lowest frequency of anti-CMV IgG positive individuals occurred in the young and healthy group (72%). However, antibody titers were not correlated to CD8+CD28+ cells in any of the studied groups. Furthermore, in elderly PB patients, only those with significantly lower CD8+CD28+ cells presented higher anti-CMV IgG levels, as opposed to young PB patients (Figure 3F; p = 0.0054).



Regardless of Age, MB Patients Presented Higher Gene Expression of T Cell Inhibitory Receptors Than PB Patients

Regulatory T lymphocytes use diverse strategies to suppress the immune response mediated by other subpopulations of T lymphocytes. Therefore, we hypothesized that PD-1 and LAG3 T lymphocyte inhibition receptors (also known as CD279 and CD223, respectively) could be part of the suppression strategy, linked to greater susceptibility to infectious diseases such as leprosy. Furthermore, CMV infection may induce these inhibition receptors.

We carried out gene expression analysis of programmed cell death 1 (PDCD1) receptor and its ligands PDCD1lg1 and PDCD1lg2, as well as lymphocyte activation protein (LAG3) in blood and skin lesion samples. Blood samples from patients and healthy controls showed similar expression levels of LAG3 and PDCD1 (Figures 4A,B). In skin lesions, differences were observed between groups regardless of age. MB patients presented increased expression of LAG3 and PDCD1 in skin lesions in comparison to PB patients (p < 0.0001, p = 0.0031, respectively; Figures 4C,D). Furthermore, young MB patients presented significantly higher expression in skin lesions than PB patients (p = 0.0219).


[image: Figure 4]
FIGURE 4. PD-1 and LAG3 gene expression in whole blood and skin lesion samples. Expression of PDCD1 gene on (A) blood and (B) skin samples. Expression of LAG3 gene on (C) blood and (D) skin lesion samples. The results of these two inhibitory receptors are represented in normalized expression values. Whole blood samples were measured using Biomark's microfluidic-based qPCR technology and fragments of lesions were performed by RT-qPCR. Each circle represents an individual, and the horizontal bars indicate the mean. Kruskal-Wallis test with Dunn's multiple comparison test correction was used to compare the groups. *P < 0.05, **P < 0.01, and ****P < 0.0001.


It seems that LAG3 and PDCD1 could be associated with mechanisms leading to weaker T lymphocyte response to M. leprae in MB patients. However, the expression of these receptors does not seem to be related to aging, at least not under these studied conditions. Then, we analyzed putative age-related changes in programmed cell death receptor (PDCD1, i.e., PDCD1lg1 and PDCD1lg2) gene expression in blood and skin lesions (Supplementary Figure 1) and no differences were observed among all groups tested. PDCD1lg1 and PDCD1lg2 also demonstrated no difference in gene expression between PB and MB patients, as opposed to PDCD1.




DISCUSSION

The aging process leads to a myriad of innate and adaptive immune system adaptations, which result in increased susceptibility to infections, reduction in vaccine response, and even greater incidence of cancer (35). Although these alterations are related to T cell mediated immune response, the mechanisms by which they increase susceptibility to infectious diseases remain unknown (36). Cunha and collaborators addressed these factors among elderly people affected by SARS-CoV-2 infection (37). Considering that M. leprae is capable of infecting a large amount of people, and only a minority will progress toward the disease (1), factors behind delayed disease onset that could be associated with changes in T lymphocyte subpopulations remain unclear. Studies in this area are even more relevant considering epidemiological tendencies of increased disease detection in the population over 60 years of age and stabilization in those between 15 and 60 years (38, 39), which could be increased in a transition from high-endemic to middle-endemicity.

The social impact of leprosy is high due to the physical sequelae that it may render, which are even more serious in the elderly population. Our work identified the increased frequency of physical incapacity in elderly, especially in MB patients, which is in agreement with other findings in the Brazilian population (38–40). Similarly, the greater frequency of males among MB patients has also been documented previously due to the progressive increase in MB leprosy with age (38, 39). It is known from experimental models of intracellular pathogens such as Leishmania (41), Mycobacterium tuberculosis (42), and Paracoccidioides brasiliensis (43) that testosterone is capable of increasing the levels of Th2 anti-inflammatory cytokines, such as IL-10 and IL-4, while estrogen induces a Th1 response, such as IL-2 and IFN-γ. These findings may explain the higher susceptibility of men for developing the multibacillary form of leprosy.

Herein, the observation of increased memory CD8+ cells in skin lesions of elderly patients corroborates preceding evidence that demonstrated increased subpopulations of these cells during aging (9, 44). Although T lymphocytes are essential for the elimination of M. leprae, many subpopulations have reduced activation and proliferation due to the absence of the CD28 costimulatory molecule. CD8+CD28− T cells exhibit a senescence profile along with severe reduction in telomere function due to a long replication history (45). Although other cells may express CD8 molecules, such as NK (CD8+CD3–CD56+) cells (46), it is highly likely that these CD8+ cells found in the skin of our patients studied herein are T lymphocytes. NK cells are also present in granulomatous diseases, such as tuberculosis and tuberculoid leprosy (47). Nevertheless, few studies disclosed the frequency of these cells in skin lesions of patients affected by such diseases.

While reduced expression of CD28 in peripheral blood T lymphocytes of MB patients has been previously described (24, 25), the current work provides new information correlating these data with age. We observed lower expression of CD28 molecules in CD8+ of elderly PB patients in comparison with young patients with the same clinical form. These findings could compromise the activation and proliferation of these cells, favoring bacilli proliferation in elderly patients. Furthermore, CD8+CD28− cells disclosed its ability to suppress immune activity, which could hamper the activation and proliferation of Th lymphocytes through different mechanisms, such as TGF-β and IL-10 secretion and expression of PDL-1 and FasL ligands (20, 21). Nonetheless, CD8+CD28− T lymphocytes may also reduce the capacity of dendritic cells and monocytes to present M. leprae-derived antigens, through increased expression of Ig-like transcript 3 (ILT3) and 4 (ILT4) (48). In summary, increased expression of senescent leukocytes in elderly patients could constitute a permissive environment that favors M. leprae replication and spread.

Our data are even more striking in the elderly PB patient group since they not only present lower CD8+CD28+ cells in skin lesions but showed increased detection of anti-CMV IgG antibodies in serum. Longitudinal studies have demonstrated that elderly people have a reduced capacity to resist new infections due to an excess of memory leukocytes, especially CD8+CD28−. Another contributing factor is the scarcity of naïve T lymphocytes that present a T lymphocyte receptor (TCR) repertoire (49–51). Studies suggest that T cell subsets frequencies may be caused, in part, by latent CMV control (52, 53). In fact, CMV seropositivity seems to be a determinant factor of life expectancy, CMV+ individuals who present other risk factors, such as increase in CD8+CD28− cells tend to have a shorter life span (54, 55).

As age advances, a decline of distinct intensity in adaptive immune functions is observed. It is speculated that this decline may be explained by regulatory T lymphocytes (Treg), however, these data are still inconsistent. Some studies describe a reduction in Treg (CD4+CD25+) suppressive activity during aging (54), while others show that blood Treg frequency is higher in the elderly and that their depletion improves conventional CD4+ T lymphocyte activity in these individuals (55). Here, expression of two receptors (PD-1 and LAG3) related to the suppression mechanisms of Treg cells does not appear to be associated to age in leprosy patients. Our results show that, regardless of age, MB patients present higher expression levels of these two receptors in skin samples than PB patients. These results are in accordance with the fact that MB patients present a permissive environment for the proliferation of M. leprae, considering their high bacilli counts in cutaneous lesions.

LAG3 receptor function seems to be influenced by different cytokines as well as by persistent antigen exposure (56). We found evidence that corroborates other studies showing that high bacillary load in MB patients may provide an environment that increases immunosuppressive action of Treg through LAG3. This could hinder the containment of bacilli, since LAG3 tends to increase Treg activity in an environment with high antigen exposure (57, 58). Similarly, increased PD-1 expression hampers effector T lymphocyte actions in containing M. leprae proliferation, resulting in high bacillary load, a characteristic of MB leprosy (59). For example, in a chronic infection model, blocking of PD-1 interaction with its ligands with nivolumab was able to revert the exhaustion of T lymphocytes (60).

Taken together, our data suggest that changes in cell subpopulations associated with aging may facilitate the appearance of signs and symptoms of leprosy in elderly people exposed to M. leprae. Thus, the accumulation of memory CD8+ and reduced frequency of CD8+CD28+ cells in elderly patients constitute important immunosenescence changes that compromise the activation of resistance mechanisms against M. leprae. Future studies are necessary to evaluate the senescent cells response to bacterial challenge, confirm their hyporesponsiveness when compared to non-senescent cells and still, verify the functional profile of these subsets. On this basis, the data shown in this study provide information and perspectives on the implications of immunosenescence in leprosy progression, which can be extended to other models of chronic infectious diseases.
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