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Expression of NLRP3 inflammasome in leprosy
indicates immune evasion of Mycobacterium leprae
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BACKGROUND Leprosy is an infectious-contagious disease caused by Mycobacterium leprae that remain endemic in 105
countries. This neglected disease has a wide range of clinical and histopathological manifestations that are related to the host
inflammatory and immune responses. More recently, the inflammasome has assumed a relevant role in the inflammatory
response against microbiological agents. However, the involvement of inflammasome in leprosy remains poorly understood.

OBJECTIVES The aim is to associate biomarkers of inflammasome with the different immunopathological forms of leprosy.

METHODS We performed an observational, cross-sectional, and comparative study of the immunophenotypic expression of
inflammasome-associated proteins in immunopathological forms of leprosy of 99 skin lesion samples by immunohistochemistry.
The intensity and percentage of NLRP3, Caspase-1, Caspases-4/5, interleukin-1f and interleukin-18 immunoreactivities in the
inflammatory infiltrate of skin biopsies were evaluated.

FINDINGS Strong expression of NLRP3 and inflammatory Caspases-4/5 were observed in lepromatous leprosy (lepromatous
pole). In addition, were observed low expression of caspase-1, interleukin-1f, and interleukin-18 in tuberculoid and lepromatous
leprosy. The interpolar or borderline form showed immunophenotype predominantly similar to the lepromatous pole.

MAIN CONCLUSIONS Our results demonstrate that the NLRP3 inflammasome is inactive in leprosy, suggesting immune evasion

of M. leprae.
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Leprosy is a chronic, neglected infectious-contagious
disease caused by Mycobacterium leprae, an obligate, in-
tracellular, alcohol-acidic bacillus. Despite the sustained
reduction in its global prevalence, at 0.32 per 10,000 popu-
lation by 2014, a total of 105 countries remain endemic or
with one or more patients for every 10,000 inhabitants."

The leprosy spectrum presentation in the clinical and
immunopathological context has led Ridley and Jopling
to recognise five forms of the condition: polar tubercu-
loid (TT), lepromatous leprosy (LL), intermediate bor-
derline tuberculoid (BT), borderline borderline (BB),
and borderline lepromatous (BL). A sixth form, indeter-
minate leprosy (IL), is also commonly used.®

Previous studies indicated a close relationship be-
tween the immunity status of the host and leprosy spec-
trum.®*% Some recognise the adaptive immunity as re-
sponsible for tissue destruction.® However, recent data
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suggest that the innate immune response is also critical
in defining the course of M. leprae infection and, ulti-
mately, the clinical outcome, including tissue destruc-
tion.” Accordingly, the complement system, as the first
line of defense against pathogens and a key component
of innate immunity, has been shown to modulate the
adaptive immune response and cause leprosy related to
nerve damage.®” M. leprae is initially recognised by
various innate immune receptors, including Toll-like re-
ceptors.'1L12 Inflammatory cytokines and chemokines
generated from this initial response may induce the pro-
liferation of type 1 helper or type 2 helper T cells, which
will promote cellular or humoral immune response, re-
spectively.!® Although the aforementioned mechanisms
are important clues to determine the evolution of the dis-
ease to the tuberculoid or lepromatous form, they are not
sufficient to explain the leprosy spectrum.

Another innate immunity mechanism triggered by
microbiological agents involves pattern recognition re-
ceptors (PRR), particularly the cytosolic NOD-like re-
ceptor (NLRs) group. The NLRP subfamily integrates
cellular signaling complexes known as inflammasomes
and triggers the maturation of pro-inflammatory mol-
ecules.!*!% The best characterised is the NLRP3 inflam-
masome, which contains the adapter protein apoptosis-
associated speck-like protein (ASC) and procaspase-1.
19 To ensure adequate and timely immune activity, the
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interactions among the NLRP3 inflammasome proteins
regulate inflammasome function through three signal-
ing pathways, all leading to increased interleukin-1§
(IL-1B) and interleukin-18 (IL-18).07® In humans, the
classic pathway requires caspase-1 activation, the path-
way non-canonical requires caspases-4/5 while the al-
ternative pathway requires caspase-8 for which only
very limited evidence exists.!"?

Knowledge about activation of the inflammasome
mediated pathway by mycobacteria remains limited
and controversial. In the case of Mycobacterium tuber-
culosis, there are conflicting data as to whether or not
this pathogen inhibits the activation of the inflamma-
some pathway.?%2122 One study showed that infection
with M. leprae reduced the activation of caspase-1 and
IL-1B secretion in macrophages® whereas another
showed high levels of IL-1P in patients with leprosy
regardless of the clinical form.?¥ More recently, one
study indicated that expression of inflammasome
markers in the lepromatous form of the infection with
M. leprae points to the ineffectiveness of this protein
complex in controlling the infection.®>

In this study, we investigated the role of the NLRP3
inflammasome-mediated pathway in the immunopatho-
logical spectrum of leprosy by assessing the immuno-
histochemical expression of inflammatory biomarkers
in skin lesions. Besides contributing to explain the role
of the NLRP3 inflammasome in the different immuno-
pathological forms of leprosy, our data suggest a pos-
sible mechanism of immune evasion of M. leprae.

MATERIALS AND METHODS

Study design - This is an observational, cross-sec-
tional, comparative study involving the immunohisto-
chemical evaluation of 99 skin lesion samples obtained
before treatment from patients diagnosed with leprosy
and being treated at the outpatient Clinica de Dermatolo-
gia Osvaldo Costa of the Hospital das Clinicas of UFMG
from 2000 to 2015. The average age of the participants
was 51 years and all came from Minas Gerais, particu-
larly the Metropolitan Region of Belo Horizonte and the
Jequitinhonha and Mucuri valleys in Minas Gerais.

Considering the clinical and immunopathological
aspects of leprosy, the following groups were defined
for the study: LL/BL (lepromatous leprosy or leproma-
tous pole); TT/BT (tuberculoid leprosy or tuberculous
pole); BB (non-polar forms lepromatous or tuberculoid
leprosy); nsD (non-specific dermatitis, proven not to be
associated or unrelated to leprosy).

We included samples larger than 3 mm in diameter
derived from patients aged 18 - 75 years. Samples from
immunocompromised, HIV/AIDS, tuberculosis, occur-
rence of leprosy reaction episodes and autoimmune dis-
eases’ patients were excluded.

Immunohistochemistry - Histological slides contain-
ing 5 um serial sections of the paraffin samples were in-
cubated overnight in an oven at 56°C. Subsequently, the
samples were submitted to dewaxing and rehydration
stages, with three washes in xylol for 5 min each, and
three washes in ethyl alcohol (PA) for 5 min. After rehy-

dration, heat-induced antigenic recovery was performed
in 0.01 M sodium citrate solution (pH 6.0) at 90°C for 20
min in the steam and cooled to room temperature for 20
min. Endogenous tissue peroxidase and nonspecific pro-
teins were blocked at different stages according to the
laboratory protocol.

The immunohistochemical labeling was done sepa-
rately with the following monoclonal primary antibod-
ies: anti-NLRP3 (Cryopyrin-H-66: sc-66846, Santa
Cruz Biotechnology, INC), anti-Caspase-1 (Caspase-
1-14F468: sc-56036, Santa Cruz Biotechnology, INC);
anti-Caspase-11 (Caspase-11 p20-A2: sc-374615, Santa
Cruz Biotechnology, INC); anti-IL-18 (IL-18-H173: sc-
7954, Santa Cruz Biotechnology, INC);and anti-IL-1§
(IL-1B-2H12: sc-130323, Santa Cruz Biotechnology,
INC). Several tests, with skin samples donated by the
Laboratério de Patologia Molecular (UFMG), were
performed to standardise the primary antibodies. Dilu-
tions of 1:500 were defined for primary anti-NLRP3,
anti-Caspase-1, and anti-ILp primary antibodies, and
dilutions of 1:300 were defined for the primary anti-
Caspase-11 and anti-IL-18 antibodies according to the
manufacturer’s instructions.

The NovoLink Max Polymer Detection Novocastra™
kit (Leica Microsystems) was used to detect primary an-
tibodies. The slices were incubated with the NovoLink kit
universal polymer detection system for 30 min at room
temperature. Subsequently, 200 pL of the developer so-
lution supplied by the kit containing the chromogen di-
amino-benzidine 3,3 (DAB) was added and the reaction
was incubated at room temperature for 5 min. Staining
was performed by immersing the slides in Harris hema-
toxylin solution (Code 248, Vetec) for 30 s. The slides
were analysed using an Olympus BX optical microscope.
Qualitative and semi-quantitative analyses were carried
out in random areas under 40x magnification by two in-
dependent observers and the final ranking was reached
after they reached a consensus between them. To monitor
the quality of the immunohistochemical reactions, exter-
nal and internal controls were used. The external control
involved five healthy skin samples obtained from breast
biopsies whereas the internal controls analysed the epi-
thelial compartment of the study samples. The NLRP in-
flammasomes have been shown to be expressed in normal
human epidermal keratinocytes.?®

We analysed the intensity and the percentage of cel-
lular immunoreactivity of immunohistochemical reac-
tions of the inflammatory infiltrate. Subsequently, a
score of immunohistochemical expression was estab-
lished, based on a previously validated score.!V The
product of the variables intensity and percentage was
ranked as overexpressed if > 4. So we compared the bio-
markers immunohistochemical expression between the
groups by calculating high/ strong and low scores.

Statistical analyses - The results were stored in
spreadsheets using the EXCEL program and analysed
with the R (version 3.1.2) and MINITAB 17 (version 17)
programs. For descriptive analyses, the categorical vari-
ables of the qualitative and semi-quantitative approaches
were presented as numbers and percentages. Student’s t-
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Fig. 1: expression of NLRP3 in the immunopathological forms of leprosy. (A) polar tuberculoid (TT)/borderline tuberculoid (BT)-group show-
ing mild NLRP3 staining in granuloma macrophages (400x magnification; Bar: 50 uM); (B) lepromatous leprosy (LL)/ borderline lepromatous
(BL) group showing intense and diffuse staining for NLRP3 in macrophages (400x magnification; Bar: 50 uM).

test was used to compare difference between groups. To
establish a relationship between immunohistochemical
expression scores and the study groups, a multinomial
logistic regression model was fitted using the logistic
function in the R and VGAM package. Statistically sig-
nificant differences were considered when p < 0.05.

Ethics - The present study followed all guidelines
for research involving human beings, displayed in the
Resolution 466/2012 of the Brazilian National Health
Council to safeguard the rights and well-being of study
participants. This research was approved by the Re-
search Ethics Committee (COEP) of the Universidade
Federal de Minas Gerais (UFMG) under the CAAE no.
14887414.0.0000.5149.

RESULTS

NLRP3 is overexpressed in lepromatous leprosy - The
immunohistochemical data presented in Fig. 1 shows that
samples from LL/BL had intense or moderate intensity of
NLRP3. In the other spectrum groups, immunoreactiv-
ity with light intensity predominated. Considering the in-
flammatory infiltrate, approximately 95% of the samples
from the LL/BL group and 80% of the BB group displayed
moderate or intense NLRP3 immunoreactivity. Most of
the samples from the LL/BL group presented reactivity in
more than 50% of the inflammatory cells.

Fig. 2 shows that caspases-4/5 only presented mod-
erate or intense intensity in the inflammatory infiltrate
of the LL/BL group. In the other spectrum groups, im-
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munoreactivity intensity was mostly light or absent. We
observed that more than 50% of inflammatory cells
showed reactivity in 60% of the LL/BL samples. All
samples from the other spectrum groups showed a per-
centage of cellular immunoreactivity smaller than 25%.

Immunoreactivities of caspase-1, IL-1B, and IL-18
were absent in the inflammatory infiltrate in all groups.

NLRP3 inflammasome’s immunohistochemical strong
expression score is a hallmark of the Lepromatous Lep-
rosy - The immunohistochemical expression of NLRP3,
caspase-1, caspases-4/5, IL-1B, IL-6, and IL-18 between
the groups presented statistically significant differences
in the scores (Table I). The data reveal significant differ-
ences between the LL/BL and the nsD and TT/BT groups

e @ o

Fig. 2: expression of caspases-4/5 in the immunopathological forms of leprosy. (A) polar tuberculoid (TT)/ borderline tuberculoid (BT)-group
showing slight staining for caspases-4/5 in inflammatory cells (400x magnification; Bar: 50 uM); (B) borderline borderline (BB)-group present-
ing intense staining for caspases-4/5 in inflammatory cells (400x magnification; Bar: 50 uM).

for all biomarkers (p = 0.000). Notably, the expression
of NLRP3 in the LL/BL group scored mostly strong. In
contrast, the other groups scored low and the difference
between them and the LL/BL group was statistically sig-
nificant (p = 0.000). Expression of caspases-4/5 in the LL/
BL group was split between low and strong scores and
statistically differed from the other spectrum groups,
which presented mostly low scores (p = 0.000). Finally,
all groups presented low scores for caspase-1, IL-1f, and
IL-18 expression in the inflammatory infiltrate.

NLRP3 overexpression is associated with high risk
of lepromatous leprosy - Table 1l summarises the results
of the relationship between leprosy spectrum groups
and NLRP3 inflammasome expression. According to
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TABLE I
Immunohistochemical scores of NLRP3, caspase-1, caspases-4/5, IL-1pB, IL-6, and IL-18
expression in the inflammatory infiltrate compartment
Group
nsD TT/BT BB LL/BL

Biomarker Score n (%) n (%) n (%) n (%)
NLRP3 0 17 (100.00) 26 (96.30) 8 (72.73) 4 (10.26)

1 0 (0.00) 1 (3.70) 3 (27.27) 35 (89.74)

0 18 (100.00) 25 (92.59) 9 (81.82) 18 (46.15)
Caspases-4/5

1 0 (0.00) 2 (7.41) 2 (18.18) 21 (53.85)

0 17 (100.00) 26 (96.30) 10 (100.00) 33 (91.67)
Caspase-1

1 0 (0.00) 1 (3.70) 0 (0.00) 3 (8.33)
1L1p 0 17 (100.00) 28 (100.00) 9 (100.00) 31 (100.00)

1 0 (0.00) 0 (0.00) (0.00) 0 (0.00)

0 17 (100.00) 28 (100.00) 11 (100.00) 24 (85.70)
IL-18 1 0 (0.00) 0 (0.00) 0 (0.00) 4 (14.30)

BB: borderline borderline; BL: borderline lepromatous; BT: borderline tuberculoid; LL: lepromatous leprosy; nsD: non-specific

dermatitis; TT: polar tuberculoid.

TABLE 11

Estimated coefficients, standard errors (SE), z-scores, two-tailed p-values, and odds ratio (OR)
for the final fitted multinomial logistic regression model

Predictor Coefficients SE z-score p value OR 95%CI
Logit 1: (LL/BL / TT/BT) 227.50 (24.00;2156.94)
Constant -1.87 0.53 -3.49 0.000*

NLRP3 5.42 1.14 473 0.000*

Logit 2: (nsD / TT/BT) 0.00 ok
Constant -0.42 0.31 -1.36 0.173

NLRP3 -0.18 6500.13 -0.00 0.998

Logit 3: (BB / TT/BT) 9.75 (9.75;107.25)
Constant -1.17 0.40 -2.92 0.004*

NLRP3 2.27 1.22 1.86 0.03

Log-likelihood: -80,493

*: denotes statistically significant differences (p < 0.05). **: no goodness-of-fit test performed.

the model, only the coefficient NLRP3 in Logit 1 (LL/ DISCUSSION

BL /TT/BT) presented statistical significance. However,
Logit 3 (BB / TT/BT), indicates a trend for statistical
significance and a high possibility of adjustment. The
model deviance residuals indicated a general goodness-
of-fit of the model to the obtained data.

Table II also presents the odds ratio (OR) values for
the predictors, with confidence intervals (95% CI) cal-
culated from the final model. The results indicate sub-
stantial increases in the odds of NLRP3 overexpression
in the LL/BL and BB groups in comparison with the TT/
BT group, suggesting a predictive role for NLRP3.

The present study presents relevant and original re-
sults regarding the participation of the NLRP3 inflam-
masome in the immunopathogenesis of leprosy. We
found overexpression of NLRP3 and caspases-4/5 bio-
markers in the multibacillary forms (LL/BL and BB),
particularly in the lepromatous form of leprosy. Interest-
ingly, the expression pattern of these biomarkers in the
multibacillary forms was similar in skin tissue analysed,
albeit the frequency of cells overexpressing these bio-
markers was higher in the LL/BL than in the BB group.
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We also observed poor expression of caspase-1, IL-1p,
and IL-18 in all leprosy spectrum groups.

Recent evidence suggests the involvement of the
NLRP3 inflammasome in the inflammatory response
induced by caspase-11 in response to bacterial infections
that affect the cytoplasm of host cells such as M. tuber-
culosis and M. leprae."®* However, the innate stimuli
that activate these pathways remain unknown and cor-
roborating a previous study, our results show that there
is probably ineffectiveness of this protein complex in
controlling the infection in lepromatous lesions.®>

We speculate that the strong expression of the NLRP3
and caspases-4/5 in the samples of multibacillary forms
may be due to the high concentration of M. leprae bacilli
in these tissues. Also, it is possible that the absence or
the small number of viable bacilli present in the lesions
of the tuberculoid pole is not sufficient to activate the
inflammasome, which would explain why NLRP3 and
caspases-4/5 are poorly expressed in these samples. Fu-
ture research will be needed to explore this hypothesis.

The activation of the non-canonical pathway NLRP3
observed in the multibacillary form of leprosy may oc-
cur through a mechanism similar to that observed in re-
sponse to Gram-negative bacteria such as Escherichia
coli, Citrobacter rodentium, and Vibrio cholerae. The
external membrane of these bacteria is constituted
mainly of LPS molecules that bind and directly acti-
vate caspase-11, an orthologue of human caspases-4/5.
19 However, it is still unknown which component(s) of
M. leprae could be responsible for the activation of this
pathway. Interestingly, M. tuberculosis inhibits NLRP3
inflammasome activation to block the processing of cas-
pase-1 and IL-1B,@" a finding that matches the observa-
tions for the tuberculoid pole described herein.

The first step of the classical pathway of NLRP3
inflammasome activation involves the recognition
pathogen-associated molecular patterns (PAMPS) or
danger-associated molecular patterns (DAMPS) by
TLRs, leading to activation of nuclear factor kappa B
(NF-xB)-mediated signaling, which in turn up-regulates
transcription of inactive NLRP3, pro-IL-1B, and pro-
IL-18. The second step is the oligomerisation of NLRP3
following by the assembly of NLRP3, ASC, and pro-cas-
pase-1 into a complex. This triggers the self-activation
of pro-caspase-1 into the enzymatically active by pro-
teolytic cleavage, as well as the production and secretion
of mature IL-1P and IL-18.” Most of the studies about
the non-canonical pathway of NLRP3 inflammasome
activation have been performed with Gram-negative
bacteria. It requires the previous activation of caspase-11
and human caspases-4/5 by microbial products or par-
ticles such as LPS.!” However, the signaling mechanism
upstream of caspase-11 activation remains controversial.

In the dermal microenvironment of samples of the tu-
berculoid pole (TT/BT group), a type 1 adaptive response
is triggered by lymphocytes, histiocytes, monocytes,
dendritic cells and endothelium, as well as keratinocytes
and fibroblasts.?® This response is characterised by a
high expression of IFN-y and IFN-f stimulated by the
presence of M. leprae fragments such as DNA residues.
139 We suggest that the increased expression of IFN- f3

and IFN-y may induce the transcription of NLRP3, pro-
IL-1B, and pro-IL-18 and, consequently, oppose the ac-
tivation of the NLRP3 inflammasome. This mechanism
does not depend on the inflammatory response elicited
by dermatitis of non-specific etiology (group nsD).

In lepromatous leprosy (LL/BL group), there is a
large presence of M. leprae bacilli in the macrophages
and a dermal microenvironment with type 2 response
pattern, with low expression of interferons, mainly
IFN-v. In this case, the large number of bacilli may be
the main stimulatory factor leading to the transcription
of NLRP3 and caspases-4/5. However, the expression of
the caspase-1, IL-1f, and IL-18 is absent in the leproma-
tous form because of possible effects on the transcription
and/or activation of caspase-1. Indeed, our immunohis-
tochemical expression results observed in the BB and
LL/BL groups suggest the inactivation or non-partici-
pation of the NLRP3 inflammasome and the immune
evasion of M. leprae in this form of leprosy.

The study’s main limitation is the risk of subjec-
tive interpretation of immunohistochemistry results. To
mitigate this risk three precautions were taken: (i) quali-
tative or descriptive analysis of immunohistochemical
reactions by two independent variables (intensity and
percentage of reactivity); (ii) semi-quantitative analysis
of immunohistochemical reactions at the same sites us-
ing a validated immunohistochemical expression; and
(iii) classification of immunohistochemical reactions by
a consensus between two independent observers.

The results reported here in allow us to conclude that,
despite the overexpression of NLRP3 and caspases-4/5
the lepromatous pole, the NLRP3 inflammasome does
not actively participate in the innate immune response
in leprosy. Together, these results may help better under-
stand the prediction of the clinical evolution of leprosy
and the search for biomarkers for morbidity, prognosis,
and therapeutic response of this neglected disease.
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