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Jamile Rêgo a, b, Lucas P. Carvalho a, b, c, Paulo R.L. Machado a, b, *

a Programa de P�os-Graduaç~ao em Ciências da Saúde, Federal University of Bahia, Salvador, Bahia, Brazil
b Immunology Service, Hospital Universit�ario Professor Edgard Santos, Federal University of Bahia, Salvador, Bahia, Brazil
c Institute Oswaldo Cruz Foundation, Salvador, Bahia, Brazil
a r t i c l e i n f o

Article history:
Received 26 April 2018
Accepted 17 October 2018
Available online xxx

Keywords:
Leprosy
Leprosy reactions
Monocytes
Co-stimulatory molecules
* Corresponding author. Rua Jo~ao das Botas, S/Nº, 5º
Professor Edgard Santos, Serviço de Imunologia, Salva

E-mail addresses: mayshibuya@hotmail.com (M. Sh
com (G. Bergheme), saratpassos@hotmail.com (S. Pas
(I. Queiroz), jamileao@hotmail.com (J. Rêgo
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Understanding host immune pathways associated with tissue damage during reactions are of upmost
importance to the development of immune intervention strategies. The participation of monocytes in
leprosy reactions was evaluated by determining the frequency of monocyte subsets and the degree of
cellular activation through the expression of MHCII and the co-stimulatory molecules CD40, CD80, CD86.
Leprosy subjects with or without reactions were included in this cross-sectional study. Peripheral blood
mononuclear cell were isolated and stained ex vivo to determine monocyte subsets and the degree of
cellular activation by flow cytometry. Intermediate monocytes were increased in leprosy patients with
reactions when compared to patients without reactions. Although no difference was detected in the
frequency of monocyte subsets between type 1 and 2 reactions, the expression of CD80 was increased in
monocytes from patients with type 1 reactions and CD40 was higher in paucibacillary subjects pre-
senting type 1 reactions. Moreover, CD86 and MHC II expression were higher in intermediate monocytes
when compared to the other subsets in leprosy reaction types 1 and 2. Intermediate monocyte activation
with CD86 and MHCII expression is involved with both type 1 and 2 reactions, whereas CD80 and CD40
expression is related to type 1 reactions.

© 2018 Institut Pasteur. Published by Elsevier Masson SAS. All rights reserved.
1. Introduction

Leprosy affects more than 200,000 persons yearly in the world,
with 26,395 new cases registered in Brazil in 2015 [1]. The wide
clinical presentation of leprosy depends almost exclusively on the
host immune response against Mycobacterium leprae [2,3].
Whereas a strong cell-mediated immunity is associated with a
negative bacillary index (BI) and few localized cutaneous lesions
with raised borders in the tuberculoid pole (TT), at the opposite
pole of the spectrum, patients with lepromatous leprosy (LL) pre-
sent disseminated infection due to the absence of specific cell-
mediated immunity against M. leprae along with multiple
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disseminated nodules and infiltrated lesions with high BI [2,3].
Besides these opposite poles, most patients are classified as pre-
senting borderlines forms of leprosy according to variable degrees
of cellular immune response against M. leprae and clinical mani-
festations [4]. Therefore, borderline-tuberculoid (BT) leprosy is
characterized by lesions with raised and enlarged borders and a
negative or low BI; borderlineeborderline (BB) subjects presents
several lesions with ill demarcated infiltrated borders and a posi-
tive BI; borderline-lepromatous (BL) patients shows disseminated
asymmetrical distributed nodules and infiltrated plaques with a
positive BI. During the chronic course of leprosy, acute inflamma-
tory reactions can occur before, during or after treatment with
multidrug therapy (MDT), leading to peripheral nerve function
impairment (NFI) and long-term disabilities. Type 1 reaction (T1R)
or reversal reaction is due to an increased cellular hypersensitivity
mediated by specific T-cells against M.leprae antigens in the skin
and peripheral organs, being more common in borderline subjects.
Type 2 reaction (T2R) or erythema nodosum leprosum is associated
to immune complex deposits as well as high production of
d.
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inflammatory cytokines including TNF- a in skin, peripheral nerves
and internal organs, affecting BL and LL patients [2,3]. According to
WHO, leprosy is the leading infectious disease cause of physical
disabilities around the world [1]. The development of better ther-
apeutic strategies to control reactions and avoid NFIs is of upmost
importance to avoid leprosy burden. It requires a better under-
standing of the host immune pathways associated with tissue
damage during reactions leading to permanent loss of nerve
function.

Monocytes differentiate into macrophages in tissues behaving
as phagocytic and antigen presenting cells (APCs), with an impor-
tant contribution not only in the innate immune response, but also
in the adaptive immune response by T-cell activation. The fact that
macrophages are heavily parasitized by M. leprae in the leproma-
tous pole, along with their capacity to destroy mycobacteria [3,4],
highlights their essential contribution to control of the disease.
Monocytes may contribute to defense againstM. leprae by inducing
high expression of the GTPase family of M protein, which correlates
inversely with the severity of leprosy [5]. Monocytes are divided in
three subsets according to the expression of CD14 and CD16:
CD14 þ CD16� (classical), CD14 þ CD16þ (intermediate), and
CD14lowCD16þþ (nonclassical), with differential functions and
properties like antigen presentation, chemokine production and
cytokine production [6,7]. In cutaneous leishmaniasis, intermediate
monocytes are associated with inflammatory responses and pa-
thology [8]. However, the role of monocyte subsets in leprosy
control and reactions remain unknown. The aim of this study was
to evaluate the role of monocytes in leprosy reactions by deter-
mining the frequency of monocyte subsets and degree of cellular
activation through the expression of co-stimulatory molecules
CD40, CD80, CD86 and MHC II.

2. Material and methods

2.1. Patients

Sixty patients classified by the Ridley & Jopling criteria [4] and
also byWHO operational classification [1] as multibacillary (MB) or
paucibacillary (PB) according to a positive or negative baciloscopy
respectively, were included in this cross-sectional study. A total of
34 leprosy subjects were diagnosed without reactional episodes
and 26 patients presented leprosy reactions. Subjects were
recruited at the Leprosy Clinics in the Hospital Universit�ario Prof.
Edgar Santos from the Federal University of Bahia and Hospital
Dom Rodrigo de Menezes, both reference centers for the treatment
of leprosy. All patients were submitted to a complete dermatolog-
ical and neurological evaluation, skin lesion biopsy and split skin
smear. We excluded patients using corticosteroids, thalidomide or
immune suppressants, pregnant women, and subjects younger
than 18 years old or older than 65 years old.

2.2. Ex vivo assay

Heparinized peripheral blood (20 ml) was collected for isolation
of peripheral blood mononuclear cells (PBMC) according to stan-
dard protocol. Briefly, PBMCs were isolated by concentration
gradient with Ficoll-Hypaque. After the process of three washes
with 0.9% NaCl, PBMCs were resuspended in culture with RPMI-
1640 medium supplemented with 10% inactivated fetal bovine
serum, HEPES buffer and Gentamycin 100 IU/ml. PBMCs were
stained ex vivo with following antibodies to determine monocyte
subpopulations: anti-CD14 e APC, anti-CD16 e PE and antibodies
anti-MHC II e FITC, anti-CD80 e FITC, anti-CD40 e PE, anti-CD86 e

PerCP-Cy5.5 to assess the degree of cellular activation. After ex vivo
protocol the cells were acquired by BD cytometer CANTO II. Cells
Please cite this article as: M. Shibuya et al., Evaluation of monocyte su
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were gated on monocyte region based on forward and side scatter,
and on CD14 þ cells. Gates were done based on all fluorescence
minus one (FMO).

2.3. Statistical analysis

To compare data between two independent continuous vari-
ables we used ManneWhitney test. Analysis among three inde-
pendent continuous variables was performed using KruskaleWallis
test and Dunn posttest. The differences were considered significant
when p < 0.05. GraphPad Prism 5.0 software was chosen (GraphPad
Software, San Diego, CA, USA). The flow cytometry data was
analyzed using FlowJo software (Tree Star, Ashland, OR, USA).

3. Results

3.1. Patient characteristics

From the total of sixty leprosy patients, 34 subjects did not
present reactions and 26 were diagnosed with reactions. In the
group of patients without reactions, the majority were paucibacil-
lary cases. According to the Ridley-Jopling classification [4], eleven
had indeterminate leprosy (I), 8 had tuberculoid (TT) form, 3 had
borderline tuberculoid (BT), 3 borderline borderline (BB), 3
borderline lepromatous (BL) and 6 lepromatous leprosy (LL). In the
group of patients with reactions, 13 presented type 1 reactions
(T1R) and 13 were diagnosed with type 2 (T2R). Borderline forms
predominated in the T1R group and lepromatous pole in the T2R
group. Table 1 shows demographic and clinical data from all
subjects.

3.2. Frequency of monocyte subsets

We analyzed the frequency of monocyte subsets based on the
expression of CD14 and CD16 in leprosy patients with or without
reactions. A higher frequency of intermediate monocytes was
observed in subjects presenting reactions, whereas non-classical
monocytes were more frequent in patients without reactions
(Fig. 1). When comparing the T1R group with the T2R group, we
found no significant difference regarding monocyte subset fre-
quencies (Fig. 2). In both T1R and T2R, classical and intermediate
subpopulations predominate. These data indicate that intermediate
monocytes, which are characterized by the production of inflam-
matory cytokines, are involved in leprosy reactions.

3.3. Co-stimulatory molecules and MHC II expression by monocytes
CD14þ

CD80 expression was higher in patients with T1R when
compared toT2R, suggesting that the up-regulation of CD80may be
associated with macrophage activation and production of pro-
inflammatory cytokines in T1R. CD40 Mean fluorescence intensity
(MFI) expression did not differ between the T1R and T2R but it was
higher in PB subjects with T1R when compared with PB patients
without T1R (Fig. 3).

CD86 is a co-stimulatory molecule that induces T cell activation
and its overexpression is associated with inflammatory responses.
We found that higher expression of CD86 in intermediate than in
classical and non-classical monocytes in both T1R and TR2 patients
(Fig. 4). No difference was found when comparing CD86 expression
in PB patients with or without T1R as well as between MB subjects
with or without T2R (data not shown).

Expression of MHC II did not differ between PB subjects with or
without T1R and also between MB patients with or without T2R
(data not shown). Intermediate monocytes expressed more MHC II
bsets and markers of activation in leprosy reactions, Microbes and



Table 1
Demographic and clinical data from leprosy patients regarding presence or absence of reactional episodes.

Group (n) Age (mean ± SD) Male:Female Ratio Ridley-Jopling classificationa BIb

(years)

Without reactions (34) 42 ± 13.5 16:18 11 I 3 ± 1.94c

8 TT
3 BL
3 BT
3 BB
6 LL

Type 1 reaction (13) 44 ± 12.2 7:06 6 BT 1 ± 0.97c

5 BB
2 BL

Type 2 reaction (13) 34 ± 8.4 9:04 6 BL 3 ± 1.2
7 LL

a I - indeterminated form, TT e tuberculoid, BT e borderline tuberculoid, BL e borderline lepromatous, BB e borderline borderline, LL e lepromatous. Type 1 reaction
(reversal reaction) and type 2 reaction (erythema nodosum leprosum).

b BI e Bacillary index.
c MB cases.

Fig. 1. Diferential frequency of monocytes subsets according to the presence or absence of reactions in leprosy patients. A. Gating strategy to assess monocytes according to CD14
and CD16 expression (ex vivo condition). Peripheral blood mononuclear cells (PBMC) from leprosy patients were stained with fluorochrome-labelled monoclonal antibodies and
analysed using flow cytometry as described in Materials and Methods. B. Frequency of subsets of monocytes in leprosy patients with reactions (LR) (n ¼ 26) and without reactions
(Without LR) (n ¼ 34). The results are represented in dot-plot and the measure of central tendency is the median. Mann Whitney Test was used to analyze the difference between
the two groups in the different sub-populations of monocytes, *P ¼ 0.0001; **P ¼ 0.001.
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than the other populations of monocytes in subjects with T1R and
T2R (Fig. 5). The higher expression of MHC II and CD86 in inter-
mediate monocytes is consistent with the inflammatory phenotype
of this subpopulation of monocytes.

4. Discussion

An efficient immune response against M. leprae infection is
associated with Th1 response and cytotoxicity halting the pro-
gression of the disease [9]. On the other hand, activation of a Th2
response inhibits granuloma formation allowing M. leprae
Please cite this article as: M. Shibuya et al., Evaluation of monocyte su
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multiplication [10]. Monocytes play an important role in granuloma
formation and in the defense mechanisms against M. leprae infec-
tion [11], but its participation in the inflammatory pathways asso-
ciated with leprosy reactions remain ignored. In the present study
we determined the frequency of monocyte subpopulations in
leprosy patients with and without reactions and assessed the
expression of MHC II and co-stimulatory molecules in these cells.

The circulating monocyte population is phenotypically and
functionally heterogenic. Most studies show that classical and in-
termediate populations are pro-inflammatory and secrete high
levels of TNF�a, whereas, non-classical monocytes are associated
bsets and markers of activation in leprosy reactions, Microbes and
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Fig. 2. Frequency of monocytes subsets in the different types of reaction in leprosy.
Frequency of monocytes sub-populations in patients with type 1 reaction (T1R)
(n ¼ 13) and type 2 reaction (T2R) (n ¼ 13) analyzed by flow citometry. The results are
represented in dot-plot and the measure of central tendency is the median. Non-
parametric KruskaleWallis and Dunns post test were used to analyze the differences
between groups, *P ¼ 0.001.
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Fig. 3. Increased expression of CD80 and CD40 in monocytes CD14 þ in type 1 reaction. Mean fluorescence intensity (MFI) of monocytes in PB patients without reactions (n ¼ 21),
with type 1 reaction (T1R) (n ¼ 13), MB patients without reactions (n ¼ 6), and with type 2 reaction (T2R) (n ¼ 13). The results are represented in dot -plot and the measure of
central tendency is the median. Mann Whitney test was used to analyze the difference between the two groups in the different sub-populations of monocytes, *P ¼ 0.023 and
**P ¼ 0.0075.
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Fig. 4. Expression of CD86 in monocytes subsets from patients with T1R and T2R.
Mean fluorescence intensity (MFI) of sub-populations of monocytes in patients with
type 1 reaction (T1R) (n ¼ 13) and type 2 reaction (T2R) (n ¼ 13). The results are
represented in dot-plot and the measure of central tendency is the median. Non-
parametric KruskaleWallis and Dunns post test were used to analyze the differences
between groups * P ¼ 0.001 and **P ¼ 0.0002.
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Fig. 5. Expression of MHCII in subsets of monocytes from patients with type 1 and
type 2 leprosy reactions. Mean fluorescence intensity (MFI) of sub-populations of
monocytes in patients with leprosy reaction (LR) (n ¼ 26) and without leprosy reaction
(Without LR) (n ¼ 34). The results are represented in dot-plot and the measure of
central tendency is the median. Non-parametric KruskaleWallis and Dunns posttest
were used to analyze the difference between groups * P < 0.0001; **P ¼ 0.004.
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with wound healing and inflammation resolution. Thus, data
accumulated on the literature show the participation of interme-
diate monocytes in the pathogenesis of many conditions, such as
rheumatoid arthritis [12], asthma [13] and cutaneous leishmaniasis
[14,15]. The main contribution of intermediate monocytes to the
pathogenesis of these diseases is through pro-inflammatory
Please cite this article as: M. Shibuya et al., Evaluation of monocyte su
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cytokine secretion and increased ability to present antigen and
prime T cells [16]. In the present work we found an increased fre-
quency of intermediate monocytes in patients with leprosy re-
actions when compared to patients without reactions; however, no
difference was observed in the frequency of monocyte subsets
among T1R and T2R individuals. These results suggest that inter-
mediate monocytes may contribute to the pathogenesis of re-
actions in the same manner, independent of the type of reaction.
Inflammatory process occurs in both types of reactions and inter-
mediate monocytes may contribute to inflammation by efficiently
presenting antigen to T cells and secreting pro-inflammatory me-
diators like TNF-a, IL-1b and IL-6 that are associated with leprosy
reactions. Nevertheless, future studies need to be performed to
determine whether intermediate monocytes differ functionally in
T1R, T2R and non-reactional leprosy patients.

Expression of co-stimulatory molecules, CD80 and CD86, in
antigen presenting cells is required for T cell activation and survival.
Conflicting data regarding the role of CD80 in leprosy have been
documented. These works show either that CD80 expression is
associated with the decreased immune response observed in
lepromatous patients, or suggest that increased expression of CD80
may be a predictor of reaction states [17e19]. We show here that
monocytes from T1R patients express more CD80 than those from
T2R individuals. Differences in cytokines produced by patients with
T1R and T2R may explain our result. For instance, it is known that
IFN-gamma induces CD80 up-regulation [20]. Immunopathology of
T1R is more associated with Th1 immune responses and macro-
phage activation along with production of pro-inflammatory
bsets and markers of activation in leprosy reactions, Microbes and
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cytokines, what may explain the up-regulation of CD80 in these
patients. Conversely, increased CD80 expression may be a conse-
quence of a regulatorymechanism [21]. The dynamics of expression
differs between CD80 and CD86 molecules, being that CD86 is
expressed early after infection while CD80 is usually expressed in a
later phase of the immune response [22]. The delayed expression of
CD80 is in fact associated with regulation of the immune response
as this molecule has more affinity for CTLA-4 than CD86. In leprosy
patients, it has been documented that co-stimulatory molecules
CD86 and CD28 are constitutively expressed by APC and T cells,
respectively, while CD80 and CTLA-4 are expressed only 24e48 h
after activation of the APC and T cells [23,24]. Thus, the up-
regulation of CD80 in T1R individuals may also be a regulatory
mechanism due to the increased inflammatory response observed
in these individuals.

We have found a higher expression of CD40 in PB patients
presenting T1R when compared with PB subjects without reaction
but no difference in MB patients with or without T2R. The CD40
interaction with its ligand CD154 is important to drive IL-12 pro-
duction and development of cellular immunity against intracellular
pathogens, but it is also involved in granulomatous inflammation
[25]. Therefore, CD40 expression by monocytes in leprosy may be
involved not only with protection mechanisms against M. leprae,
but also in the development of T1R when at high levels.

CD86 and MHC II expression are associated with inflammatory
responses and T cell activation. Although we did not find differ-
ences in the expression of CD86 and MHC II between patients with
or without reactions, these molecules are expressed mainly by in-
termediate monocytes in both T1R and T2R.

In summary, intermediate monocytes are activated in leprosy
reactions, and may play an important role in tissue damage. CD86,
MHCII, CD80 and CD40 overexpression are associated with its
activation, and may serve as biomarkers for both T1R and T2R
(CD86, MHCII), or T1R (CD80 and CD40). The increase of these
molecules in the sera of patients before the development of re-
actions could be a useful biomarker to predict the development of
these reactions. Biomarkers for development of leprosy reactions
will indicate risk groups and allow a more careful follow-up and
medical care to prevent reactions or initiate an early and more
effective treatment. In this scenario, these molecules should also be
evaluated as possible targets for immunotherapy of leprosy re-
actions in the future.
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