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Objective: Leprosy is a chronic infectious disease presenting with a spectrum of clinical 

manifestations that correspond to the type of immune response that develops in the host. Factors 

that may be involved in this process include inflammasomes, cytosolic proteins responsible for 

the activation of caspase 1, IL-1β and IL-18 secretion, and induction of a type of death called 

pyroptosis.

Patients and methods: We evaluated the expression of inflammasome markers (nucleotide-

binding oligomerization domain-like receptor containing pyrin domain 1 [NLRP1], nucleotide-

binding oligomerization domain-like receptor containing pyrin domain 3 [NLRP3], caspase 1, 

IL-1β, and IL-18) by immunohistochemistry in 43 samples of skin lesions of leprosy patients 

from the groups indeterminate (I) leprosy (13 patients), tuberculoid (TT) leprosy (15 patients), 

and lepromatous leprosy (LL; 15 patients).

Results: The evaluated markers were most upregulated in LL lesions, followed by lesions of 

TT leprosy and I leprosy. Differences were statistically significant between the I leprosy and 

LL leprosy forms and between the I leprosy and TT leprosy forms. Positive and significant cor-

relations were found between IL-18 and caspase 1 in LL (r=0.7516, P=0.0012) and TT leprosy 

(r=0.7366, P=0.0017). In I leprosy, correlations were detected between caspase 1 and IL-1β 

(r=0.6412, P=0.0182), NLRP1 and IL-18 (r=0.5585, P=0.473), NLRP3 and IL-18 (r=0.6873, 

P=0.0094), and NLRP1 and NLRP3 (r=0.8040, P=0.0009).

Conclusion: The expression of inflammasome markers in LL lesions indicates the ineffec-

tiveness of this protein complex in controlling the infection. Caspase 1 may be involved in the 

pyroptotic cell death in the lepromatous form of the disease. Inflammasomes may act together in 

the initial phase of I leprosy; this phenomenon may influence the clinical outcome of the disease.
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Introduction
Leprosy is a chronic infectious disease caused by Mycobacterium leprae. The disease 

evolves with characteristic granulomatous lesions manifested mainly in the skin and 

peripheral nerves.1 The clinical and histopathological characteristics of the disease have 

a spectrum that depends on the pattern of the host immune response; thus, the disease 

develops into a polarized form called tuberculoid (TT) leprosy, which is related to the 

T helper 1 (Th1) cytokine profile (mainly IL-2 and IL-12), and lepromatous leprosy 

(LL) form, which is related to the Th2 cytokine profile (mainly IL-4). Between these 

clinical patterns, there is borderline leprosy that shows cytokine expression that var-

ies with the immune phenotype of the cells.2 Indeterminate (I) leprosy is the initial 
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clinical phase of the disease. In this phase, the bacillus cells 

generally interact with the immune system, determining the 

later evolution of the infection.3

Recently, other factors associated with innate immunity, 

such as macrophages and new cytokine profiles, have been 

implicated in the immunopathogenesis of leprosy. These fac-

tors participate both in the evolution of the clinical forms of 

leprosy and in the pathophysiology of reactional states, eg, 

Th9, Th17, Th22, and Th25.4

Among the components of an innate immune response, 

the inflammasome is a complex of cytosolic proteins that 

mediate the inflammatory response through pathogen-asso-

ciated molecular patterns (PAMPs) and damage-associated 

molecular patterns (DAMPs), the latter being responsible for 

the maturation of caspase 1, secretion of IL-1β and IL-18, and 

a type of cell death called pyroptosis.5–7 Inflammasomes are 

formed by pattern recognition receptors (PRRs), an adapter 

protein, and an effector enzyme (caspase). Depending on 

the type of the caspase involved, the inflammasomes can 

be classified into two types of signaling pathways: classical 

(ie, canonical), which activates caspase 1, and noncanonical, 

which involves other caspases to provoke inflammation.7

Among the PRRs taking part in formation of the inflam-

masome, the nucleotide-binding and oligomerization domain 

(NOD)-like receptor (NLR) stands out. In humans, the NLR 

family of PRRs includes 22 types. Their basic structure 

consists of a variable N-terminal effector domain, a central 

NACHT domain, and the leucine repeat-rich C-terminal 

region. There are four NLR subfamilies classified according 

to their N terminus: NLRA (acid activation domain), NLRB 

(BIR-type domain), NLRC (activation domain and caspase 

recruitment), and NLRP (pyrin domain).8,9

The accessory molecule called ASC (apoptosis-associated 

speck-like protein containing a Caspase activation and 

recruitment domains [CARD]) CARD (ASC) is an adapter 

protein common to several inflammasomes. It is formed 

by two protein domains, the N-terminal pyrin (PYD) and 

C-terminal caspase recruitment domain (CARD), and assists 

in formation of the inflammasome complex, creating a link 

between NLR and pro-caspase.10

Caspases are subdivided into two groups: inflammatory 

(caspases 1, 4, and 5) and apoptotic (initiators: caspases 2, 

8, 9, and 10; executors: caspases 3, 6, and 7). Caspase-1 is 

the key inflammatory caspase whose function is to activate 

IL-1β and IL-18, and activate the mediator of pyroptosis, 

gasdermin D.11 Other caspases may also be involved in the 

release of cytokines and mediating pyroptosis. Caspases 4 

and 5 are activated by Gram-negative bacteria and may cleave 

gasdermin D, thereby contributing to pyroptosis.12,13 Caspase 

8 can mediate inflammation and apoptosis, participating in 

formation of the inflammasome and activating IL-1β, IL-18, 

and gasdermin D. In addition, caspase 8 plays a part in the 

launch of the noncanonical pathway, which activates IL-1β 

independently of caspase 1 through dectin-1 receptor, a 

member of the lectin type C receptor family.13

The canonical inflammasome activation pathway is trig-

gered when an NLR recognizes an intracellular PAMP or 

DAMP, thereby leading to recruitment of ASC into a PYD–

PYD binding complex. Then, pro-caspase 1 binds to ASC via 

a CARD–CARD connection. This action leads to canonical 

activation of the inflammasome, resulting in the production 

of IL-1β and IL-18 and in pyroptosis.14–16

The noncanonical inflammasome activation pathway can 

work in two ways. First, lipopolysaccharide (LPS) from Gram-

negative bacteria activates caspases 4 and 5, which then activates 

gasdermin D causing pyroptosis. LPS also switches on the 

nucleotide-binding oligomerization domain-like receptor con-

taining pyrin domain 3 (NLRP3) inflammasome, which attracts 

caspase 1, resulting in the production of IL-1β. The another 

noncanonical pathway involves the activation of caspase 8 by 

PAMPs recognized by lectin type C receptors. This event leads 

to the production of IL-1β independently from caspase 1.15,17

The role of inflammasomes has been addressed in some 

infectious diseases such as tuberculosis, leishmaniasis,18 

paracoccidioidomycosis,19 and leprosy.20 Nonetheless, the 

interventions have mainly involved experimental models or in 

vitro studies. Triggering of NLRP3 has already been observed 

in the studies on Mycobacteria, eg, Mycobacteria tuberculo-

sis21 and Mycobacteria abscessus infections.22 In the case of 

M. tuberculosis, most of the studies have been based on in 

vitro experiments with macrophages and dendritic cells and 

revealed that NLRP3 is capable of inducing activation of the 

inflammasome. In addition, macrophages and M. tuberculosis-

infected NLRP3-deficient dendritic cells show impaired IL-1β 

and IL-18 synthesis. Similar results have been observed with 

M. abscessus infection, where macrophages that do not express 

NLRP3 and ASC manifest reduced IL-1β production when 

infected. There are studies that have evaluated the participation 

of IL-1β, IL-18, and caspase 1 in the inflammatory response 

in leprosy.23,24 Costa et al,24 who worked with infected and 

exposed individuals, have observed greater expression of 

IL-1β in the blood of patients undergoing treatment when 

compared to those exposed but not infected, indicating par-

ticipation of this IL in the immunopathogenesis of the disease. 

Sinsimer et al,25 in their study on peripheral blood monocytes 

exposed to M. leprae, have detected a low IL-1β concentration 

www.dovepress.com
www.dovepress.com
www.dovepress.com


Infection and Drug Resistance 2018:11 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

2233

Inflammasome in leprosy

and a high concentration of its natural inhibitor, IL-1Ra. In 

addition, these authors have reported reduced levels of IL-18, 

which were attributed to the delay in the activation of caspase 

1. In mRNA studies on leprosy lesions, Garcia et al23 have 

detected IL-18 in the majority of TT leprosy individuals and 

have not detected IL-18 in LL patients. Kang et al26 in a study 

on guinea pigs that have a defect in the synthesis of NAIP5, a 

protein of the NLR family, have verified the reduced activation 

of caspase 1 and IL-1β secretion, indicating participation of 

NLR proteins in the immunological response associated with 

leprosy. Pontillo et al have selected five single-nucleotide 

polymorphisms (SNPs) of nucleotide-binding oligomerization 

domain-like receptor containing pyrin domain 1 (NLRP1) 

and two SNPs of NLRP3 to study their possible influences 

on the development of leprosy. According to those authors, 

two combined NLRP1 haplotypes may be associated with a 

disease outcome, especially with paucibacillary forms. No 

associations of the NLRP3 polymorphisms with the disease 

were found.27 Given the complexity of the immune system, the 

importance of the in situ immune response against infectious 

conditions of the skin, and the relative absence of studies that 

characterize the expression of components of inflammasomes 

in cutaneous tissue, we decided to conduct this study. Here, 

we investigated the possible role of inflammasomes in the in 

situ immune response in skin lesions of leprosy. Specifically, 

we analyzed possible correlations of the immunological find-

ings with the clinical forms of the disease. The results should 

contribute to a better understanding of the host immune 

response to M. leprae.

Patients and methods
Patients
Forty-three untreated patients with a confirmed diagnosis of 

M. leprae infection were selected according to the criteria 

recommended by the Madrid classification (1953). All the 

patients sought the help of the dermatology service of the 

State University of Para between 2013 and 2017. Of the cases 

studied, 13 were suffering from I leprosy, 15 were suffering 

from TT leprosy, and 15 suffering from LL.

Histopathological and 
immunohistochemical techniques
Paraffin-embedded tissue biopsy sections (5 µm thick) were 

stained with H&E for histopathological analyses or with 

Ziehl–Neelsen acid-fast stain to detect Mycobacteria. Pos-

terior tissue was stained with specific monoclonal antibodies 

for immunohistochemical analysis.

Immunohistochemical analysis with monoclonal anti-

NLRP1 (Abcam Cambridge, Cambridgeshire, UK; ab 

98181), anti-NLRP3 (Abcam; ab 214185), anti-caspase 1 

(Abcam; ab 18503), anti-IL-1β (Abcam; ab 14367), and 

anti-IL-18 (Abcam; ab 9722) antibodies followed the method 

involving formation of a biotin–streptavidin peroxidase 

complex according to the protocol described previously.28 

Initially, tissue samples were dewaxed in xylene and dehy-

drated in ethyl alcohol. Then, endogenous peroxidases were 

blocked with 3% H
2
O

2
 for 45 minutes. Antigen retrieval was 

performed in citrate buffer, pH 6, at 95°C in a Pascal chamber 

for 20 minutes. Nonspecific binding sites were blocked with 

10% concentrated skim milk for 30 minutes. The sections 

were then incubated with diluted primary antibodies (1:100) 

and 1% BSA for 14 hours. After that, the slides were washed 

with PBS and then incubated with the biotinylated second-

ary antibody (DakoCytomation, Glostrup, Denmark) for 30 

minutes at 37°C. The slides were again washed with PBS 

and incubated with a streptavidin–peroxidase conjugate 

(DakoCytomation) for 30 minutes at 37°C. The slides were 

developed by application of the chromogen solution com-

posed of 0.03% diaminobenzidine and 3% H
2
O

2
, counter-

stained with Harris hematoxylin for 1 minute, then hydrated 

in ethyl alcohol, and diafiltered in xylene. Immunostaining 

results were quantified in five randomly selected visual fields 

under a Zeiss Axio Imager Z1 microscope (400×) by means 

of a graded lattice with 10×10 subdivisions at 0.0625 mm2.

Statistical analyses
The results obtained in the experiments were entered into 

Excel 2007 spreadsheets (Microsoft Corporation, Redmond, 

WA, USA). Statistical analyses were performed using Graph-

Pad Prism 5.0 (GraphPad Software, Inc., La Jolla, CA, USA). 

In the univariate analysis, frequencies, measures of central 

tendency, and dispersion were obtained. Statistical compari-

sons involved ANOVA followed by Tukey’s post hoc test or 

Pearson’s correlation analysis. All the tests were performed 

considering a level of significance of 5% (P≤0.05).

Ethics approval and consent to 
participate
All the clinical analyses were conducted according to the 

principles expressed in the Declaration of Helsinki and 

Resolution No. 466/2012 of the National Health Council of 

Brazil. After a complete description and explanation of the 

study design, written informed consent was obtained from 

all the participants. The study protocol was approved by 
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the ethics committee of Tropical Medicine Center, Federal 

University of Pará (protocol number: 1.827.246).

Results
Clinical characteristics of the patients
Twenty-three males and 20 females aged between 22 and 

71 years from the eastern Brazilian Amazon, State of Pará, 

Brazil, were included in this study. Clinical features of the I 

leprosy were characterized by alterations of tactile, thermal, 

and/or pain sensitivity, with cutaneous lesions consisting of 

hypochromic spots with imprecise and sometimes hypoes-

thetic borders. Erythematous or erythematous and hypo-

chromic plaques with sharp edges, usually anesthetic, were 

observed in TT leprosy group. Erythematous diffuse plaques 

and erythematous-violet nodules that were infiltrated, bright, 

and sometimes coalescing were observed in the LL group.

Histopathological characteristics of the 
lesions
As described by Eichelmann et al,1 histopathological features 

of lesions (Figure 1) in the I leprosy group included focal 

lymphocytic inflammatory infiltrates that were distributed 

around cutaneous appendages, nerve fibers, and vessels. In 

TT lesions, granulomas consisted of clustered epithelioid 

cells, sometimes surrounded by dense or mild lymphocytic 

halos without bacilli in the tissue. In LL lesions, the infiltrate 

consisting of histiocytes and plasma cells that extended along 

the entire upper dermis was present around the nerves and 

blood vessels. These changes compromised the deep dermis 

until the hypodermis. Owing to the inability of macrophages 

to eliminate the bacilli, they accumulated in the cytoplasm, 

sometimes grouping together to form globes that were evident 

by Ziehl–Neelsen staining.

Immunohistochemistry characteristics of 
the inflammatory skin infiltrate
Immunostaining patterns of IL-1β, IL-18, caspase 1, NLRP1, 

and NLRP3 were characterized by a brownish color in the 

cytoplasm (Figure 2).

Quantification of the immunostaining for each factor 

under this study revealed statistically significant differences 

between I leprosy and TT leprosy and between I leprosy and 

LL. Expression of NLRP1 was the highest in lesions of LL 

(18.07±5.12 cells/field), followed by TT leprosy (11.15±5.90 

cells/field) and I leprosy (8.28±5.11 cells/field), with the 

differences statistically significant between I leprosy and 

LL and between I leprosy and TT leprosy. There was no 

significant difference between the LL and TT leprosy groups 

(Figure 3 and Table 1). NLPR3 was expressed equally in the 

LL (15.67±3.55 cells/field) and TT (13.09±5.70 cells/field) 

leprosy groups. Expression in I leprosy (8.46±4.51 cells/

f﻿ield) was significantly lower than that in LL and TT leprosy 

(Figure 3 and Table 1).

Caspase 1, a factor inducing pyroptosis, was most 

strongly expressed in LL (14.54±6.71 cells/field), followed 

by TT leprosy (6.41±7.56 cells/field) and I leprosy (7.73±5.78 

cells/field). There was a significant difference between the 

LL and I leprosy (Figure 3 and Table 1).

The expression of IL-1β and IL-18 was the highest in 

LL (IL-1β, 19.36±6.50 cells/field; IL-18, 18.16±8.22 cells/

field), followed by TT leprosy (IL-1β, 13.24±9.38 cells/field; 

IL-18, 13.13±5.11 cells/field) and I leprosy (IL-1β, 7.17±5.45 

cells/field; IL-18, 5.95±3.79 cells/field; Figure 3 and Table 1). 

Significant differences were observed between the LL and I 

leprosy in terms of IL-1β and IL-18. Significant differences 

were also observed between I leprosy and TT leprosy groups.

The correlation between the immunostaining intensity 

showed a positive and statistically significant correlation 

between the levels of caspase 1 and IL-18 in LL and TT lep-

rosy between caspase 1 and IL-18 (LL: r=0.7516, P=0.0012; 

TT leprosy: r=0.7366, P=0.0017). Positive and statistically 

significant correlations were also found in I leprosy form 

between IL-1β and caspase 1 (r=0.6412, P=0.0182), between 

IL-18 and NLRP1 (r=0.5585, P=0.0473), between IL-18 and 

Figure 1 Histopathological features of leprosy lesions in I leprosy, TT leprosy, and 
LL showing focal lymphocytic inflammatory infiltrates that were distributed around 
cutaneous appendages, nerve fibers, and vessels in I leprosy.
Notes: TT leprosy shows granulomas consisting of clustered epithelioid cells, 
sometimes surrounded by lymphocytic halos. In LL, an inflammatory infiltrate 
consisting of histiocytes and plasma cells along the entire upper dermis was present 
around the nerves and blood vessels and around the bacillus stained by Ziehl–
Neelsen stain (200× magnification). (A) I leprosy (arrows indicate a lymphocytes), 
(B) TT leprosy (arrows indicate epithelial cells), (C) LL (arrows indicate histocytes), 
and (D) Ziehl–Neelsen staining (arrows indicate bacillus of M. leprae).
Abbreviations: I, indeterminate; LL, lepromatous leprosy; TT, tuberculoid.
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NLRP3

Caspase 1

IL-1�

IL-18

Figure 2 Immunohistochemical patterns of the inflammasome in leprosy skin lesions.
Notes: Note that immunostaining occurs predominantly in immune cells of the granulomatous inflammatory infiltrate representative of the clinical forms LL, I leprosy, and 
TT leprosy. Immunostaining for NLRP1 in LL (A), I leprosy (B), and TT leprosy (C); for NLRP3 in LL (D), I leprosy (E), and TT leprosy (F); for caspase 1 in LL (G), I leprosy 
(H), and TT leprosy (I); for IL-1β in LL (J), I leprosy (K), and TT leprosy (L); and for IL-18 in LL (M), I leprosy (N), and TT leprosy (O). The arrows indicate the stained areas 
bounded by brownish color coincident with the cell bodies in the granulomatous inflammatory infiltrate (magnification, 200×).
Abbreviations: I, indeterminate; LL, lepromatous leprosy; NLRP1, nucleotide-binding oligomerization domain-like receptor containing pyrin domain 1; NLRP3, nucleotide-
binding oligomerization domain-like receptor containing pyrin domain 3; TT, tuberculoid.

NLRP3 (r=0.6873, P=0.0094), and between NLRP1 and 

NLRP3 (r=0.8040, P=0.0009; Figure 4).

Discussion
Leprosy is a chronic disease that causes several changes in 

host defense systems.29 In the context of studying various 

effects of the immune system against infectious agents, the 

importance of identifying systems with characteristics and 

properties adapted to each organ has been revealed in the 

study by Engwerda and Kaye.30 Thus, according to the study 

by Quaresma et al,31 we can subdivide the patterns of tissue 

responses into three major groups: barrier immunity, com-

plex organ immunity, and immunologically privileged organ 

immunity. The skin has immune characteristics that make it 

a complex organ. Furthermore, the skin manifests peculiar 

characteristics in its interaction with various infectious 

agents. In particular, sometimes the skin can be considered 

an organ with its own immune system that often employs dif-

ferent mechanisms when responding to infections compared 

to other organs of the body.32

Among the mechanisms triggered by innate immunity in 

response to infectious agents, inflammasomes are complexes 

of cytoplasmic molecules (proteins) that are induced in 

response to PAMPS and DAMPS in the contexts of infec-

tion and cellular stress.5 Inflammasomes can be activated by 

microbial components, such as flagellin, LPS, pore-forming 

toxins, bacterial and viral RNAs, and endogenous and envi-

ronmental crystals, and by reduced intracellular potassium 
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Figure 3 Comparative analysis of the means and SDs of NLRP1, NLRP3, caspase 1, IL-1β, and IL-18 expression by leprosy clinical form.
Notes: Comparative analysis of the means and SDs of NLRP1 (A), NLRP3 (B), Caspase-1 (C), IL-1β (D), and IL-18 (E) expression by leprosy clinical form. Note the 
increased expression of the proteins investigated by immunohistochemistry in cutaneous lesions of LL when compared with I leprosy and TT leprosy. Statistically significant 
differences were observed between the clinical forms I leprosy and TT leprosy and between I leprosy and LL in the levels of markers NLRP1, NLRP3, and IL-18. As for 
caspase 1 and IL-1β, significant differences were observed between I leprosy and LL.
Abbreviations: I, indeterminate; LL, lepromatous leprosy; NLRP1, nucleotide-binding oligomerization domain-like receptor containing pyrin domain 1; NLRP3, nucleotide-
binding oligomerization domain-like receptor containing pyrin domain 3; TT, tuberculoid.
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Table 1 The mean and SD of the immunostaining data on the inflammasome proteins in the skin lesions of the clinical forms of leprosy

Markers Clinical forms of leprosy P-valuea

LL, 
mean±SD (95% CI)

I leprosy, 
mean±SD (95% CI)

TT leprosy, 
mean±SD (95% CI)

NRLP1 18.07±5.12 (15.24–20.91) 8.28±5.11 (5.19–11.36) 11.15±5.90 (7.88–14.42) <0.0001b

NLRP3 15.67±3.55 (13.70–17.63) 8.46±4.51 (5.74–11.19) 13.09±5.70 (9.93–16.24) 0.0009b

Caspase-1 14.54±6.71 (10.83–18.25) 7.73±5.78 (4.24–11.22) 6.41±7.56 (6.41–14.78) 0.0367b

IL-1β 19.36±6.50 (15.76–22.96) 7.17±5.45 (3.87–10.42) 13.24±9.38 (8.05–18.44) 0.0004b

IL-18 18.16±8.22 (13.61–22.71) 5.95±3.79 (3.66–8.23) 13.13±5.11 (10.30–15.96) <0.0001b

Notes: More intense expression of the various proteins being analyzed was observed in LL when compared to clinical forms I leprosy and TT leprosy. aOrdinary one-way 
ANOVA (P<0.05). bStatistically significant.
Abbreviations: I, indeterminate; LL, lepromatous leprosy; NLRP1, nucleotide-binding oligomerization domain-like receptor containing pyrin domain 1; NLRP3, nucleotide-
binding oligomerization domain-like receptor containing pyrin domain 3; TT, tuberculoid.
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concentration. There is evidence that NLRPs are not acti-

vated directly by damaging agents but rather by cytoplasmic 

changes that lead to a reduction in the intracellular potassium 

concentration consequent to pore-forming toxins, cellular 

stress, or the production of ROS that can induce cellular 

injury.16 Stimulation of caspases resulting from NLRP acti-

vation can lead to pyroptosis and a release of inflammatory 

mediators such as IL-1β.12

Dectin-1 is a type of C-lectin recognition receptor present 

primarily in dendritic cells and is targeted during induction 

of a Th1 or Th17 protective response.33 According to two 

studies,20,34 dectin-1 acts directly as a sensor for extracellular 

PAMPs of Mycobacteria and activates caspase 8-driven pro-

cessing of pro-IL-1β. The production of IL-1β in response to 

the stimulation of dendritic cells with M. leprae proceeds pri-

marily via dectin-1, and this secretion of IL-1β is completely 

dependent on caspase 8.29 Thus, recognition of M. leprae 

by dectin-1 causes noncanonical inflammasome-dependent 

activation of caspase 8 and processing of pro-IL-1β.29

The binding of dectin-1 to pathogens triggers formation 

and activation of a noncanonical inflammasome complex 

consisting of CARD9, Bcl-10, MALT1, caspase 8, and ASC; 

this complex processes pro-IL-1β into its biologically active 

form. Intracellular PRRs, such as NLR proteins, recognize 

Figure 4 Statistically significant correlations between IL-18 and caspase 1 in LL (A) and TT leprosy (B), between caspase 1 and IL-1β (C), between NLRP1 and IL-18 (D), 
between NLRP3 and IL-18 (E), and between NLRP3 and NLRP1 (F) in I leprosy.
Abbreviations: I, indeterminate; LL, lepromatous leprosy; NLRP1, nucleotide-binding oligomerization domain-like receptor containing pyrin domain 1; NLRP3, nucleotide-
binding oligomerization domain-like receptor containing pyrin domain 3; TT, tuberculoid.
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intracellular pathogens, whereas dectin-1 detects PAMPs 

from M. leprae, thus allowing for a quick response to the 

pathogen without requiring internalization.20 The existence 

of a caspase-8-dependent noncanonical inflammasome 

highlights the diversity and versatility of immune responses 

to infection. In our samples of lesions, an increase in inflam-

masome expression among the clinical forms of leprosy 

under study indicates that the canonical pathway of inflam-

masome activation also participates in response to M. leprae 

in the skin.20,29 Nevertheless, the predominant expression of 

inflammasomes in LL lesions also shows their relative lack 

of efficacy in the control of infection in the skin.

Several studies have evaluated the involvement of IL-1β, 

IL-18, and caspase 1 in the inflammatory response to 

leprosy.35,36 Garcia et al35 have analyzed individuals exposed 

to (and infected with) M. leprae and observed greater expres-

sion of IL-1β in the blood of patients undergoing treatment 

when compared to those exposed but not infected, indicating 

participation of IL-1β in the immunopathogenesis of the 

disease. In a study on peripheral blood monocytes exposed 

to M. leprae,24 researchers detected a low level of IL-1β and 

a large amount of its natural inhibitor, IL-1Ra. In addition, 

the authors also reported reduced levels of IL-18, which were 

attributed to delayed activation of caspase 1. In our patients, 

an increased expression of caspase 1 in LL skin lesions may 

be related to an increase in cell death by pyroptosis. This is 

especially true in infected macrophages that are incapable of 

eliminating the bacillus, where caspase 1 may be induced by 

components of M. leprae or the consequent release of reac-

tive oxygen or nitrogen species by activated macrophages 

leading to stress and cell injury with efflux of potassium.25

Some studies have shown that both necrosis and apoptosis 

are important mechanisms of cell death during mycobacte-

rial infections, including M. tuberculosis and M. leprae. Our 

results indicate that pyroptosis can constitute another mecha-

nism of cell death in the course of leprosy. Pyroptosis may 

be related to an underlying tissue injury mechanism of the 

disease that inhibits the response of macrophages. In addition, 

studies by Elamin et al36 and Mattos et al37 have revealed the 

mechanism by which lipid-filled foam cells emerge in skin 

lesions in anergic leishmaniasis and LL. This mechanism 

seems to be directly related to the greater expression of inflam-

masome components in these lesions that then deposit various 

substances including cholesterol, free fatty acids, and lipids.

In studies assessing the patterns of mRNA expression 

in leprosy lesions,28 expression of IL-18 has been detected 

in most patients with TT leprosy but not in patients with 

LL. Nonetheless, it is noteworthy that mRNA expression 

does not always correlate with protein synthesis. The in situ 

immune response evaluated in our samples was measured in 

terms of protein expression, which may partially explain the 

aforementioned discrepancy.36–38

A study on mice with defects in the synthesis of 

NAIP5,39,40 a member of the NLR family, has shown reduced 

caspase 1 and IL-1β levels, indicating the involvement of 

NLR proteins in the immune response to leprosy. This result 

was corroborated by the expression of NLRP1 and NLRP3 

in our samples of the three clinical forms of leprosy.

In a study on polymorphisms,39 five SNPs of NLRP1e 

and two SNPs of NLRP3 were found to potentially inf﻿luence 

the development of leprosy. The authors suggested that two 

combined NLRP1 haplotypes may be associated with a dis-

ease outcome, especially with TT leprosy. No associations of 

the NLRP3 polymorphism with the disease were found. Our 

data uncovered the activation of both NLRP1 and NLRP3 

in leprosy and both were more highly expressed in LL when 

compared to I leprosy and TT leprosy.

NLRP1 and NLRP3 are expressed in various cellular 

populations involved in the immune response to M. leprae, 

including macrophages, dendritic cells, lymphocytes, and 

granulocytes, and therefore actively participate in the immune 

response to leprosy.39–42

NLRP1 is the first NLR protein that has been shown to 

form a cytosolic complex called the inflammasome, whose 

functions include specific recruitment and activation of a 

protease called caspase 1. Both NLRP1 and caspase 1 were 

found here to be more expressed in LL and less expressed 

in TT leprosy; these data indirectly support a correlation 

between the activation of NLRP1 and caspase 1 in the immu-

nopathogenesis of this disease.39–42

In addition, research has shown that activated NLRP3 leads 

to the release of activated caspase 1, leading to maturation and 

secretion of IL-1β and IL-18. Our results revealed statistically 

significant positive linear correlations among caspase 1, IL-1β, 

and IL-18. These data are confirmed by the increased expres-

sion of caspase 1, IL-1β, and IL-18 in LL and the decreased 

expression of caspase 1, IL-1β, and IL-18 in I leprosy and TT 

leprosy. The process of activation of NLRP3 is mediated by at 

least two types of signals: 1) activation of a toll-like receptor 

through expression of NLRP3, pro-IL-1β, and pro-IL-18 and 2) 

a signal that leads to the autocatalytic activation of pro-caspase 

1 with proteolytic cleavage of pro-IL-1β and pro-IL-18.39–42

Our findings point to the major participation of NLRP1 

and NLRP3 and their associations with the activation of 

caspase 1, IL-1β, and IL-18 during the immune response 

to M. leprae. Nevertheless, additional research is needed 
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to complement the findings of the present study, especially 

research based on molecular biological methods and protein 

analysis techniques to better characterize the role of inflam-

masomes in the pathogenesis of leprosy.

Conclusion
Regardless of the experimental model used, our results are sug-

gestive of effective participation of an inflammasome-mediated 

response in the clinical evolution of leprosy. This participa-

tion begins with the first contact with the bacillus at the early 

stages of the disease. The outcome of this initial interaction is 

important for the clinical course of the infection, and it appears 

that at this stage, NLRP1, NLRP3, caspase 1, IL-1β, and IL-18 

cooperate in an integrated manner to elicit the initial response. 

This notion is supported by the correlation analyses that are 

more significant in I leprosy than in LL and TT leprosy. This 

initial interaction of the pathogen with components of the host’s 

innate immunity contribute decisively to the development of a 

more or less effective immune response to M. leprae infection 

and seems to be a crucial step (in the entire natural course of 

the disease) in terms of host–pathogen interactions in leprosy.
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