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Abstract

Leprosy is caused by Mycobacterium leprae, which induces chronic granulomatous infection of the skin and peripheral nerves. 
The disease ranges from the tuberculoid to the lepromatous forms, depending on the cellular immune response of the host. 
Chemokines are thought to be involved in the immunopathogenesis of leprosy, but few studies have investigated the expression 
of chemokine receptors on leukocytes of leprosy patients. In the present study, we evaluated 21 leprosy patients (M/F: 16/5) 
with a new diagnosis from the Dermatology Outpatient Clinic of the University Hospital, Federal University of Minas Gerais. 
The control group was composed of 20 healthy members (M/F: 15/5) of the community recruited by means of announcements. 
The expression of CCR2, CCR3, CCR5, and CXCR4 was investigated by flow cytometry on the surface of peripheral blood 
lymphocytes. There was a decrease in percentage of CD3+CXCR4+ and CD4+CXCR4+ lymphocytes in the peripheral blood 
of leprosy patients (median [range], 17.6 [2.7-41.9] and 65.3 [3.9-91.9], respectively) compared to the control group (median 
[range], 43.0 [3.7-61.3] and 77.2 [43.6-93.5], respectively). The percentage of CD4+CXCR4+ was significantly lower in patients 
with the tuberculoid form (median [range], 45.7 [0.0-83.1]) of the disease, but not in lepromatous patients (median [range], 81.5 
[44.9-91.9]). The CXCR4 chemokine receptor may play a role in leprosy immunopathogenesis, probably directing cell migration 
to tissue lesions in tuberculoid leprosy patients.
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Leprosy is a chronic granulomatous infection that mainly 
affects the skin and peripheral nerves. The damage to 
peripheral nerves results in sensory and motor impairment 
with characteristic deformities and disability (1,2). Although 
leprosy is no longer a health problem in developed countries, 
it continues to affect millions of people in large parts of Asia, 
Africa, and Latin America. Brazil, Nepal and Timor-Leste 
account for about 17% of the new cases reported in 2007 
and for 23% of the cases reported at the beginning of 2008 
(3). The presentation of leprosy depends on the varying host 
immune response to Mycobacterium leprae. Individuals with 

tuberculoid leprosy display a strong cell-based immune 
response that controls bacterial proliferation and lesions, 
whereas patients with lepromatous leprosy lack specific 
cellular immunity, ending up with high mycobacterial loads 
and severe clinical manifestations (4). 

Chemokines are potent leukocyte chemoattractants 
and are thought to be involved in mycobacterial diseases, 
including leprosy (5,6). Chemokines and their receptors may 
be divided into four families (CXC, CC, C, and CX3C) on 
the basis of the pattern of cysteine residues in the ligands 
(here C represents cysteine and X/X3 represents one or 
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three noncysteine amino acids). Cells respond to chemok-
ines through a family of seven transmembrane G protein-
coupled chemokine receptors (7). Recently, we investigated 
plasma levels of CCL2, CCL3, CCL11, CCL24, CXCL9, 
and CXCL10 in leprosy patients (5,6) and found increased 
CCL11 levels in plasma of leprosy patients compared to 
non-infected individuals, suggesting that measurement of 
this chemokine could be useful to support the diagnosis 
of leprosy (5,6). There was no significant difference in the 
expression of CC (CCR2 and CCR5) or CXC (CXCR2) 
chemokine receptors across the leprosy spectrum in one 
study (8), but little is known about the role of chemokine 
receptors in the pathogenesis of leprosy. In the present 
study, we performed an ex vivo analysis of the chemokine 
receptors associated with elevated chemokines in leprosy 
patients (CCL11 binds to CCR3) and those involved in 
migration of macrophages and lymphocytes, cells thought 
to be involved in the pathogenesis of leprosy. Therefore, 
levels of CCR2, CCR3, CCR5, and CXCR4 were evaluated 
on the surface of peripheral blood lymphocytes from leprosy 
patients and healthy individuals by flow cytometry. 

Subjects and Methods

Subjects
Subjects included in this study were from the Derma-

tology Outpatient Clinic of the University Hospital, Federal 
University of Minas Gerais, Belo Horizonte, Brazil. Twenty-
one patients with a recent diagnosis of leprosy entered 
the study before treatment (mean age, years [range]: 44.3 
[22.0-69.0]; M/F: 16/5). At baseline, patients underwent 
complete dermatological and neurological evaluations by 
a physician with expertise in leprosy management. Slit skin 
smears and skin lesion biopsies were collected at baseline 
and patients were classified according to Ridley-Jopling 
criteria (9). There were 14 tuberculoid leprosy (TT) patients 
and 7 lepromatous leprosy (LL) patients. 

Twenty age- and gender-matched healthy individuals 
from the community were used as controls (mean age, 
years [range]: 39.5 [23.0-53.0]; M/F: 15/5). All subjects 
were seronegative for human immunodeficiency virus (HIV) 
and none presented other immunosuppressive conditions. 
The Ethics Committee (COEP) of the Universidade Federal 
de Minas Gerais approved the study and all patients gave 
written informed consent to participate. 

Flow cytometry analysis of peripheral blood leukocytes
Biological samples consisting of 5 mL venous periph-

eral blood were collected using EDTA. The samples were 
collected by a trained professional at the outpatient clinic. 
After collection, the blood was used within 24 h for immu-
nophenotypic analysis by flow cytometry.

White blood cell phenotypes were analyzed according to 
the procedure recommended by Becton Dickinson (USA), 
modified as follows: 100-µL EDTA blood samples in 12 x 

75-mm tubes were incubated in the dark with 1 µL undiluted 
monoclonal antibodies (MAbs) specific for several cell surface 
markers (CD3 clone UCHT1, CD4 clone 11830, CD8 clone 
37006, CCR3 clone 61828, labeled with FITC, CCR2 clone 
48607, CCR5 clone CTC5, CXCR4 clone 12G5 labeled with 
PE, CD4 clone 920, CD8 clone 925 labeled with TC; R&D 
Systems, USA) for 20-30 min at room temperature. After 
incubation, erythrocytes were lysed with 100 µL lysing solu-
tion (Optlyse-B, Immunotech, France) for 5 min, followed by 
the addition of 900 µL distilled water and reincubation for 10 
min. White blood cells were then washed twice with 1 mL 
phosphate-buffered saline (PBS) containing 0.01% sodium 
azide. Cell preparations were fixed in 500 µL FACS fix solution 
(10 g/L paraformaldehyde, 10.2 g/L sodium-cacodylate, 6.65 
g/L sodium-chloride). Cytofluorimetric data were acquired 
with a Becton Dickinson FACScan-instrument (Becton 
Dickinson, USA). The lymphocytes were assorted and gated 
based on their forward (FSC) and side (SSC) laser scatter 
properties. After lymphocyte selection, cells were analyzed 
for fluorescence properties and T lymphocytes were analyzed 
using single staining with an anti-CD3 monoclonal antibody. 
T lymphocyte subsets were identified using anti-CD4 and 
anti-CD3 double-staining for helper T cells while anti-CD8 
and anti-CD3 double-staining was used for the identification 
of T cytotoxic lymphocytes. The expression of the chemokine 
receptors CCR2, CCR3, CCR5, and CXCR4 on helper T cells 
was found on CD4+ lymphocytes. For analysis of cytotoxic T 
lymphocytes the chemokine receptor profile was evaluated 
on gated high CD8 lymphocytes. 

Statistical analysis
Differences between two groups were determined by the 

Student t-test or the Mann-Whitney U-test for normally or 
non-normally distributed data, respectively. Differences among 
three groups were determined by ANOVA or the Kruskal-Wallis 
test in normally or non-normally distributed data, respectively. 
Statistical significance was set at P < 0.05.

Results

Analysis of total leukocyte cells and lymphocytes in 
peripheral blood

There was no significant difference in total number of 
peripheral blood leukocytes between leprosy patients and 
healthy subjects. There was no difference in number or 
percentage of total lymphocytes, but there was a decrease 
in percentage of CD3+ T cells in the leprosy group (median 
[range], control = 67.2 [39.5-78.9] and leprosy patients = 
58.2 [12.1-74.3], P = 0.02).

However, there was no significant difference in percent-
age of CD3+CD4+ (median [range], control = 42.1 [33.7-
60.5] and leprosy patients = 39.0 [24.3-55.0], P = 0.19), 
or in percentage of CD3+CD8+ T cells (median [range], 
control = 22.8 [7.6-41.3] and leprosy patients = 19.1 [10.1-
38.0], P = 0.31). 
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Analysis of expression of CCR2, CCR3, CCR5, and 
CXCR4 chemokine receptors 

There were no significant differences in the expression 
of CCR2, CCR3 or CCR5 chemokine receptors on periph-
eral blood lymphocytes from leprosy patients and healthy 
subjects. However, we observed that the percentage of 
CD3+CXCR4+ and CD4+CXCR4+ T cells was significantly 
lower in the peripheral blood of leprosy patients compared 
to healthy subjects (Table 1). 

Analysis of CXCR4 chemokine receptor on the 
lymphocyte surface of peripheral blood mononuclear 
cells of patients with the polar forms of leprosy 

Next, we analyzed the expression of CXCR4 in patients 
with the polar forms of the disease, i.e., TT and LL patients. 
The percentage of CD3+CXCR4+ lymphocytes was sig-
nificantly lower in TT and LL patients than in the control 
group (Figure 1A). The percentage of CD4+CXCR4+ was 
also significantly lower in TT patients compared to control 

Figure 1. Percent analysis of CXCR4 chemokine receptor 
on the surface of peripheral blood lymphocytes of controls 
(N = 20) and of patients with the polar form of leprosy. Tu-
berculoid leprosy (TT = 14), lepromatous leprosy (LL = 7). 
Lymphocyte percentage of T (A), TCD4 (B), and TCD8 (C). 
Horizontal lines indicate median values. P < 0.05 (Kruskal-
Wallis test).

Table 1. Analysis of lymphocyte (T CD3, CD4, and CD8) expression of CCR2, CCR3, CCR5, and CXCR4 chemokine receptors in 
healthy controls (N = 20) and leprosy patients (LE; N = 21). 

CCR2 CCR3 CCR5 CXCR4

Control LE Control LE Control LE Control LE

T CD3 9.2 (1.2-25.4) 6.4 (1.7-30.0) 9.8 (0.5-29.5) 10.4 (2.4-30.2) 9.5 (1.9-18.2) 9.9 (3.0-25.5) 43.0 (3.7-61.3) 17.6 (2.7-41.9)*

T CD4 9.6 (2.2-35.0) 5.2 (0.0-27.1) 4.8 (0.1-30.5) 8.5 (1.3-45.0) 7.7 (3.0-15.9) 11.1 (1.4-47.5) 77.2 (43.6-93.5) 65.3 (3.9-91.9)+

T CD8 17.5 (0.6-62.9) 15.9 (1.8-70.2) 27.3 (2.6-82.2) 18.6 (0.9-64.5) 23.6 (1.6-65.7) 27.8 (2.2-53.3) 49.2 (4.7-94.7) 51.2 (5.2-98.5)

Data are reported as median (range). *P < 0.001, +P = 0.01, LE compared to control (Mann-Whitney U-test).
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(Figure 1B). However, the percentage of CD4+CXCR4+ 
in LL patients was similar to that of the control group and 
greater than the percentages found in the TT group (Figure 
1B). There was no difference in the expression of CCR2, 
CCR3 or CCR5 chemokine receptors on the surface of 
lymphocytes from control subjects and from patients with 
the polar forms of leprosy (data not shown).

Discussion

In the present study, we assessed by flow cytometry 
the expression of chemokine receptors on the surface of 
lymphocytes from leprosy patients. We found that the per-
centage of CD3+ cells, CD3+CXCR4+, and CD4+CXCR4+ 
lymphocytes were significantly lower in leprosy patients 
compared to healthy subjects. We also found that the per-
centage of CD4+CXCR4+ in TT patients was significantly 
lower than controls and LL patients. 

There was no difference in percentage or number of 
CD4+ and CD8+ T cells between leprosy patients and 
healthy subjects, but the percentage of T cells (CD3+ 
lymphocytes) was lower in leprosy patients. Similarly, a 
recent flow cytometry study of circulating leukocytes in 
pulmonary tuberculosis patients, an infectious disease 
also caused by Mycobacteria, showed that the percentage 
of CD3+ cells was lower than in control subjects (10). A 
previous study has demonstrated that activation of T cells 
promotes down-regulation of the CD3 receptor (11). Since 
the leprosy patients included in this study were not treated 
at the time blood was collected, it is possible that T cells 
were activated in a chronic manner, as has been reported 
for tuberculosis. Such chronic activation may have ac-
counted for the drop in CD3 expression but further studies 
with markers of T cell activation need to be performed to 
explain these differences.

Recently, we investigated the expression of CXCR4 on 
the surface of circulating leukocytes of leprosy patients and 
found no significant difference in the analysis of CXCR4 
on the surface of TCD4 and TCD8 lymphocytes (12). 
In the present study, the percentage of CD3+CXCR4+ 
and CD4+CXCR4+ cells was decreased in leprosy pa-
tients compared to controls. Moreover, the percentage of 
CD4+CXCR4+ was lower in TT patients compared to LL 
patients. In the first study, all leprosy patients had the LL form 
of the disease, which may have masked the observations 
made in the present study. Indeed, in agreement with our 
previous results (12), levels of CXCR4 on CD4+ and CD3+ 
T cells were similar for LL and healthy subjects. Therefore, 
it seems that the lower CXCR4 levels observed in leprosy 
patients is accounted for mainly by the reduction in levels 
of these receptors on lymphocytes from patients with the 
TT polar form of the disease.

CXCR4, the receptor for CXCL12/stromal cell-derived 

factor 1a, is expressed on airway epithelial cells (13), naive 
T cells (14), and CD4+ Th2 cells (15). CXCL12 is often 
expressed constitutively in the absence of any stimuli, 
suggesting that CXCR4-CXCL12 interactions are involved 
in maintaining homeostasis. Studies have shown that, in 
addition to homeostasis, this pair: chemokine-chemokine 
receptor has been implicated in various diseases, including 
asthma (16), cancer (17) and arthritis (18). In 1999, Pat-
terson et al. (19) demonstrated that, during HIV infection, 
IL-10 up-regulates CXCR4 expression by T cells. Shalekoff 
et al. (20) found an altered CXCR4 and CCR5 repertoire 
on peripheral leukocytes of patients with pulmonary tuber-
culosis and HIV-1 infection and suggested that an altered 
ability of X4 and R5 viruses to enter CD4-bearing cells 
and interfere with cellular trafficking may be an important 
feature of the pathogenesis of HIV-1 and tuberculosis. A 
strong Th1 response against M. leprae results in tubercu-
loid leprosy, with few lesions. Lepromatous patients are 
characterized by multibacillary disseminated disease and 
a lack of specific T cell responses to M. leprae, and their 
lesions express a type 2 cytokine profile that promotes a 
humoral immune response and a progressive disease (1). 
CXCR4 is expressed in CD4+ Th2 cells (15) and in the pres-
ent study TT patients showed a decreased CD4+CXCR4+ 
percentage in peripheral blood leukocytes compared to 
LL patients. This finding suggests that these cell types 
are present in lower percentages in the circulation of TT 
patients because they may have migrated to the leprosy 
tissue lesion. Such a possibility needs to be investigated 
by evaluating the expression of CXCR4 on T cells that 
migrate to the site of disease.

The first limitation of our study regards the sample size. 
Conversely, the stringent inclusion criteria may be regarded 
as a strength of the study. Second, we did not investigate 
the expression of chemokine receptors in leprosy skin le-
sions. This will be an important future task to be considered 
for correlation with the present findings. 

This study has demonstrated the lower expression of 
CXCR4 on CD4+ T cells from patients with leprosy. The 
observation that reduced expression of CXCR4 occurs in 
TT patients, but not in those with the LL polar form of the 
disease, suggests that CXCR4 may play a role in driving 
the recruitment of lymphocytes to the skin. As TT patients 
have fewer microorganisms than those with the LL form, 
it is suggested that CXCR4 may have a role in the control 
of infection.
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