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ABSTRACT

Background: Leishmania braziliensis, a protozoan prevalent in Brazil, is the known causative agent of cutaneous leishmaniasis (CL). The 
activation of M1 macrophages is a pivotal factor in the host's ability to eliminate the parasite, whereas M2 macrophages may facilitate 
parasite proliferation. This study analyzed the clinical outcomes of CL and the patients' immunological profiles, focusing on the prevalence 
of M1 and M2 macrophages, cytokine production, and annexin-A1 (ANXA1) expression in the lesion. 

Methods: Data were obtained by polymerase chain reaction (PCR) and histopathological, immunofluorescence, and cytokine analyses. 

Results: Patients with exudative and cellular reaction-type (ECR)-type lesions that healed within 90 days showed a significant increase 
in M1. Conversely, patients with ECR and exudative and granulomatous reaction (EGR)types, who healed within 180 days, showed an 
elevated number of M2. Cytokines interferon (IFN)-γ and tumor necrosis factor (TNF)-α were higher in ECR lesions that resolved within 90 
days (P<0.05). In contrast, IL-9 and IL-10 levels significantly increased in both ECR and EGR lesions that healed after 180 days (P<0.001). 
The production of IL-21, IL-23 and TGF-β was increased in patients with ECR or EGR lesions that healed after 180 days (P<0.05). The 
expression of ANXA1 was higher in M2 within ECR-type lesions in patients who healed after 180 days (P<0.05).

Conclusions: These findings suggest that the infectious microenvironment induced by L. braziliensis affects the differentiation of 
M1 and M2 macrophages, cytokine release, and ANXA1 expression, thereby influencing the healing capacity of patients. Therefore, 
histopathological and immunological investigations may improve the selection of CL therapy.
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INTRODUCTION

Cutaneous leishmaniasis (CL) is a clinical condition caused 
by the parasites from the genus Leishmania. In Brazil, CL is 
characterized by ulcerated lesions that typically exhibit oval 
or rounded shapes. Leishmania braziliensis is one of the most 

common parasites in Brazil. These lesions are characterized by 
a granulomatous foundation and possess well-defined elevated 
edges1,2. Notably, CL lesions primarily affect exposed body areas, 
which can result in permanent scars, disfigurement, stigma, and 
in some cases, disability3.

Classified as a neglected tropical disease, CL is estimated to 
cause 222,000 new cases worldwide by 20223. In Brazil, 12,878 
new cases of CL were documented this year, of which 1,162 were 
reported in the state of  Mato Grosso4.

Several factors can affect CL treatment, such as diversity among 
Leishmania species and the complexity of the host's immune system 
of the host2,5,6. Therefore, a comprehensive understanding of the host 
immune response to Leishmania is essential for the advancement of 
drug discovery and the development of novel therapeutic approaches.

Macrophages play a role in the regulation of adaptive 
immunity and are crucial components of the innate immune 
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system2. These cells respond to a wide range of environmental 
signals by producing molecules that modulate the host's response 
to the parasite, including defense against infectious processes 
and wound healing. Macrophages can undergo differentiation 
depending on the infecting Leishmania species and infectious 
microenvironment7,8.

Macrophage M1 activation, leads to a classical profile 
described by the secretion of pro-inflammatory molecules, for 
example, as interferon (IFN)-γ, tumor necrosis factor (TNF)-α, 
interleukin (IL)-1, IL-6, and IL-23, and the production of reactive 
oxygen species (ROS) and nitrogen radicals. These cells integrate 
the Th1 response to eliminate microorganisms9-12.

In contrast, macrophage M2 activation, results in an alternative 
profile that is characterized by the upregulation of scavenger, 
mannose, and galactose receptors, as well as the expression of 
antagonists of the IL-1 receptor, and negatively regulates IL-1β and 
other pro-inflammatory cytokines. This condition allows an increases 
the number of parasites and exacerbates the disease13-15. M2 
macrophages play a pivotal role in protecting the host from excessive 
inflammation and promoting tissue repair and wound healing6.

Several studies identified M1 and M2 macrophages in the 
skin of patients with L. braziliensis. These studies observed no 
differences in the number of M1 and M2 cutaneous lesion7,16. 
These studies also showed that lesions caused by L. braziliensis 
were primarily composed of T lymphocytes, plasma cells, and 
macrophages, and exhibited a low level of parasitism. The 
predominant cytokine activation is the Th1 response, which is 
likely driven by parasite antigens7,15. Additionally, some studies16,17 
have characterized the presence of annexin-A1 (ANXA1), an 
anti-inflammatory protein that functions as a critical regulatory 
molecule in the immune response. ANXA1 plays an important 
role in mediating both the activation and migration of leukocytes, 
which are essential for orchestrating the immune system response 
to infection and inflammation18,19. The presence of ANXA1 in 
Leishmania braziliensis infection suggests its potential involvement 
in modulating the host immune response, possibly favoring 
parasite survival16,17. 

This study aimed to investigate the clinical outcomes of a 
cure for CL and immunological molecules during infection, as 
determined by the identification of M1 and M2 macrophages at 
inflammatory lesions, local cytokine levels, and ANXA1 expression.

METHODS

● Patients

Patients diagnosed with CL (N = 120) were invited to participate 
in the study. They visited the Leishmaniasis Outpatient Clinic 
of Júlio Müller University Hospital (HUJM) in Cuiabá, Brazil. 
This outpatient clinic was selected because it serves as a state 
reference for the diagnosis and treatment of leishmaniasis. The 
eligible participants for this study were patients with CL who had 
not initiated CL treatment. Patients with immunosuppressive 
conditions or infectious or chronic degenerative diseases 
were excluded. In addition, patients should have suggestive 
histopathological characteristics of CL and the identification of 
Leishmania braziliensis by molecular characterization.

Fifty patients were included in this study. Their average age 
was 44 years (18-56 years). 

Information regarding residence, age, sex, origin, symptom 
onset, type of drug used, and end date of treatment was collected. 
All the patients underwent a general physical examination. The 
medical team at HUJM assessed the general health condition 
of the patients and lesion characteristics, including edges, size, 
shape, and location.

All patients were informed about the procedures and 
aims of the study, and their freedom to participate. Patients 
who agreed to participate signed the Informed Consent Form 
approved by the Research Ethics Committee of HUJM (CEEA 
no.51430915.0.0000.55.41). This study posed no additional risk, 
as the collected material (biopsy) was the same as that used in 
routine laboratory tests.

All patients received intravenous glucantime (meglumine 
antimoniate) at a concentration of 20 mg/kg/day for 20 days1. 
Patients cured for up to 90 d were included in this study. If the 
lesion persisted, the patient received a second dose of meglumine 
antimoniate1. Patients cured for up to 180 d were included in this study.

● Laboratory exams

For a positive diagnosis of CL, a biopsy was performed for 
histopathology, and a cervical brush was used at the edge of the 
lesion for polymerase chain reaction (PCR).

The skin was aseptically cleaned with an iodine solution and 
subsequently with a 0.9% saline solution. The area was injected 
with 2% lidocaine, and the biopsy specimen was collected using 
a 4 mm punch.

● Collection of cervical brush samples, DNA extraction, and 
Leishmania species identification with PCR-HSP70C

After collection using cervical brushes, the sample was placed 
in a tube containing phosphate-buffered saline (PBS).

Commercial kits for DNA extraction (Invitrogen) were used 
according to the manufacturer's instructions. The extracted DNA 
was quantified using a Nanodrop.

The method used for Leishmania species identification was PCR-
HSP70C17, using forward primer: 5`GGACGAGATCGAGCGCATGGT´3 
and reverse primer: 5`TCCTTCGACGCCTCCTGGTTG´3. The PCR-
HSP70C samples were electrophoresed on a 2% agarose gel.

For all samples with positive visualization, Leishmania 
species were identified using PCR-restriction fragment length 
polymorphism (RFLP). Samples were incubated for 12 h at 
37°C with the enzymes HaeIII and BstUI17. The resulting band 
was compared with three references for Leishmania species 
(Leishmania Collection of Oswaldo Cruz Institute, CLIOC), following 
WHO standards, and a negative control (no DNA): Leishmania 
guyanensis (MHOM/BR/1975/M4147/IOC/L), Leishmania 
braziliensis (MHOM/BR/1975/M2903/IOC/L566); Leishmania 
amazonensis (IFLA/BR/1967/PH8/IOC/L575).

● Histopathological Analysis

Biopsy was performed in the histology laboratory at the Faculty 
of Medicine of the Federal University of Mato Grosso (UFMT). 
Samples were fixed in 4% paraformaldehyde in PBS solution, 
dehydrated in increasing concentrations of ethanol, clarified in 
xylene, included in paraffin, sectioned at 3 µm with the HIRAX 
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FIGURE 1: Identification of the Leishmania species by PCR-RFLP. Hae III enzyme digestion. 
Standard Leishmania species. Lg: Leishmania guyanensis Lb: Leishmania braziliensis;  
La: Leishmania amazonensis; patients samples (1-3).

M60 microtome (Carl Zeiss; Germany), placed on glass slides 
and, stained with hematoxylin-eosin with a differentiator for 
histopathological analysis. Histopathological classification of CL 
lesions was performed according to the method described by 
de Magalhães and colleagues20: exudative and cellular reaction 
(ECR), exudative and granulomatous reaction (EGR), exudative and 
necrotic reaction (ENR), exudative and necrotic-granulomatous 
reaction (ENGR), and exudative and tuberculoid reaction (ETR).

● Cytokine analysis

Biopsy samples were collected and immediatelly frozen in 
liquid nitrogen, macerated using a ceramic pestle, and diluted in 
PBS for the quantification of IFN-γ, TNF-α, IL-1β, IL-6, IL-9, IL-10, 
TGF-β, IL-17, IL-21, and IL-23. Milliplex® kit (BD, New York, USA) 
and a dual-laser flow-based detector MAGPIX (Luminex® XMAP 
Technology, Texas, USA) were used for cytokine detection.

● ANXA1 endogenous protein expression and cellular markers 
identification by immunofluorescence

ANXA1 and macrophages were detected as previously 
described18. To detect ANXA1, antibody rabbit anti-ANXA1 
(Invitrogen, USA) was used, diluted with PBS/bovine serum albumin 
(BSA) 1% (1:200); for macrophages, mouse anti-CD163 (Cell 
Marque, USA; 1:200); for M1 macrophages, rat anti-MHCII (Santa 
Cruz Biotechnology Inc., USA; 1:100); and for M2 macrophages, 
rat anti-CD206 (R&D Systems; 1:50). The secondary antibodies 
used were goat anti-rabbit IgG conjugated with ALEXAFLUOR 488, 
goat anti-mouse IgG conjugated with ALEXAFLUOR 555, and goat 
anti-rat IgG conjugated with ALEXAFLUOR 647 (Invitrogen, USA). 
The nuclear stainer was the DAPI (4',6-diamidino-2-phenylindole) 
(Invitrogen™, USA). The cells were analyzed using an AxioScope 
A1 microscope and Axiovision Software (Carl Zeiss, GR). Various 
points in the macrophage cytoplasm were evaluated, and ANXA1 
expression was measured in arbitrary units (a. u.) (0–255)18.

● Statistical analysis

For statistical analyses, the data were written as mean 
± standard deviation (SD). Macrophage number, cytokine 
release, and ANXA1 expression were analyzed in relation to the 
histopathological type and clinical cure outcome using one-way 
ANOVA with Tukey’s post-hoc test. Statistically significant results 
were obtained with P values <0.05.

RESULTS

● Clinical and histopathological data

All patients tested positive for L. braziliensis infection  
(Figure 1). Regarding gender, 40 were male (80%) and 10 were 
female (20%). Regarding skin color, 40% of the patients were 
white, 30% were brown, and 30% were black. Most patients  
(34 %) presented with ulcerated infiltrated lesions with elevated 
edges and granulomatous bases. Most patients had lesions in 
the lower limbs (50%) (Table 1). In the histopathological analysis, 
the patients were classified by lesion type and evaluated for cure 
time after treatment with meglumine antimoniate (Table 1). Most 
patients with ECR and EGR lesions were cured after 180 days of 
meglumine antimoniate treatment, whereas only 50% of patients 
with ENR were cured after 180 days.

Consider the time of lesion previous to the treatment, the 
patients with ECR lesion autodeclare 2.8 ± 1.5 month, the paients 
with EGR 7.4 ± 6.0 month and the patients with ENR 3.5 ± 2.4 
month.

● Analysis of macrophage subtype profile and cure of 
cutaneous leishmaniasis patients

Immunophenotyping of M1 and M2 cells was performed 
by immunofluorescence staining. Analysis of the number of 
macrophages in the lesion types and cure profiles revealed that  
patients with ECR lesions who were cured within 90 days had 
more M1 macrophages (P<0.05) than those cured within 180 days. 
Patients with ECR and EGR lesions who were cured within 180 days 
(P<0.001) had more M2 macrophages. Patients with ENR lesions 
had similar numbers of M1 and M2 macrophages regardless of 
whether they were cured for 90 or 180 days (Table 2).

● Analysis of cytokines and ANXA1 protein in cutaneous 
leishmaniasis patients

The levels of cytokines and ANXA1 in the skin of patients with 
CL are shown in Table 3. IFN-γ and TNF-α levels were elevated at 
the skin of patients with ECR lesions cured within 90 days (P<0.05) 
and higher in patients with EGR lesions (P<0.05) cured within 180 
days. In ENR patients, only TNF-α levels were higher (P<0.05) in 
patients cured in 90 days. IL-6 levels did not differ between groups. 
IL-9 and IL-10 levels were higher (P<0.05) in patients with ECR and 
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TABLE 1: Epidemiological, clinical, and histopathological data of cutaneous leishmaniasis.

Variables Quantity Percentage (%)

Sex
Male 40 80.0
Female 10 20.0

Skin colour
Black 15 30.0
White 20 40.0
Brown 15 30.0

Description of the injury

Ulcerated with raised edges, granular bottom with exudate 5 10.0
Ulcerated with raised edges, granular bottom 2 4.0
Ulcerated and infiltrated 15 30.0
Ulcerated 2 4.0
Granulomatous 4 8.0
Ulcerated, infiltrated, raised edge, granulomatous background 17 34.0
Infiltrated 4 8.0
Granulomatous and infiltrated 1 2.0

Injury site

Face 1 2.0
Torso 6 12.0
Upper limb 19 38.0
Lower limb 25 50.0

ECR
cure up to 90 days 16 45.7
cure up to 180 days 19 54.3

EGR
cure up to 90 days 3 33.3
cure up to 180 days 6 66.7

ENR
cure up to 90 days 3 50.0
cure up to 180 days 3 50.0

TABLE 2: Healing time and number of M1 and M2 macrophages at lesions with cutaneous leishmaniasis.

Type of injury Cure time Macrophage M1 Macrophage M2

ECR cure up to 90 days 35.5 ± 12.7 * 22.0 ± 6.3
cure up to 180 days 23.5 ± 9.5 45.0 ± 11.1 ***

EGR cure up to 90 days 31.5± 6.3 24.6 ± 6.3
cure up to 180 days 30.5± 6.3 38.0 ± 6.3 ***

ENR cure up to 90 days 35.5 ± 6.3 31.5 ± 6.3
cure up to 180 days 38.5 ± 9.5 32.3 ± 12.7

Data was mean ± SD and was compared by One Way ANOVA, with Tukey post-test. * P<0.05 for 90 days versus 180 days; *** P<0.001 for 90 days versus 180 days.

TABLE 3: Analysis of ANXA1 expression in M1 and M2 macrophages in histological lesions with cutaneous leishmaniasis.

Type of 
injury

Cure 
time IFN-γ TNF-α IL-1β IL-6 IL-9 IL-10 TGF-β IL-17 IL-21 IL-23 ANXA1 

M1
ANXA1 

M2

ECR

cure up 
to 90 
days

645.2 
± 

357.5 *

496.7 
± 

168.6 *

362.4 
± 

345.6

199.3 
±

53.7

3.8
±

1.6

6.1
±

3.2

45.7
±

21.3

2.2
±

1.3

5.2
±

1.4

5.2
±

1.4

95.0
±

23.4

112.3
±

2.5

cure up 
to 180 
days

307.4 
± 

153.9

286.2 
± 

101.2

243.0 
± 

174.4

282.8
±

143.8

12.7
±

6.2 **

15.7
±

8.2 **

76.7
±

29.3 *

2.8
±

1.2

18.7
±

6.3 ***

18.7
±

6.3 ***

111.5
±

16.3

163.0
±

9.9 **

EGR

cure up 
to 90 
days

322.2
± 

90.8

305.5
± 

20.5

259.8
± 

172.5

120.5
±

13.4

4.5
±

2.1

13.1
±

1.4

125.2
±

7.4

2.5
±

0.7

11.2
±

1.2

11.2
±

1.3

117.5
±

24.8

125.5
±

6.4

cure up 
to 180 
days

616.3
± 

132.5 *

517.5
± 

72.8 *

510.8
± 

331.9

119.0
±

26.9

13.0
±

4.2 *

23.0
±

4.2 *

156.8
±

4.5 *

5.5
±

2.1

15.7
±

2.4 *

16.2
±

1.7 *

118.0
±

2.8

132.5
±

10.6

ENR

cure up 
to 90 
days

533.5 
± 

103.9

623.0 
± 

31.2

147.5
±

17.7

121.0
±

26.9

13.0
±

4.2

16.0
±

1.4

67.7
±

13.3

6.0 
±

2.8

23.1
±

4.4

23.1
±

4.4

119.0
±

15.6

143.0
±

32.5

cure up 
to 180 
days

605.5 
± 

252.4

484.0 
± 

113.9 *

148.0
±

30.4

171.0
±

87.7

19.5
±

6.4

21.5
±

3.5

67.0
±

2.9

5.5
±

2.1

22.7
±

2.5

22.7
±

2.5

118.0
±

14.1

150.0
±

8.5

Data was mean ± SD and was compared by One Way ANOVA, with Tukey post-test. * P<0.05 for 90 days versus 180 days; ** P<0.01 for 90 days versus 180 days;  
*** P<0.001 for 90 days versus 180 days.
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EGR lesions who were cured after 180 days. Cytokines TGF-β, IL-21, 
and IL-23 showed an increase in patients with ECR and EGR lesions 
(P<0.05) who were cured after 180 days and did not differ among 
patients with ENR lesions. Finally, ANXA1 cytoplasmic expression in 
M1 macrophages (Figure 2A-C) showed no differences between 
patients and lesion types. M2 macrophages (Figure 2D-F), but 
showed higher levels of ANXA1 in ECR skin lesions (P<0.05) of 
patients cured after 180 days.

DISCUSSION

The clinical outcomes and therapeutic responses of patients 
with CL depend on various factors, including the immunological 
phenotype, the presence of macrophages at the lesion, and the 
release of molecular mediators that regulate pro-inflammatory 
and pro-resolution pathways. In this study, we described the 
histopathological process at the lesion site, the presence of 
cytokines, and ANXA1 during infection with L. braziliensis, and 
analyzed these events with the clinical outcome of lesion resolution.

The data presented in this study describe samples from 
patients with L. braziliensis infection exhibiting the typical clinical 
manifestations of CL, predominantly located in the lower limbs. 
Most of the patients were male, with diverse skin colors. Similar 
results have been previously described for this region16,17,21.

Notably, most patients had ECR lesions, indicating early disease 
detection. Similar findings have been described previously16,17,21. 
These patients had uncomplicated CL and were treated with 
meglumine antimoniate, a drug used for CL treatment1,22,23. The 
efficacy of this treatment, in which L. braziliensis predominated, 
varied from 51.1% to 90%. In Brazil, the therapeutic efficacy 
of this drug ranges from 46% to 75%1,3,23, allowing its use in 
uncomplicated cases of CL.

FIGURE 2: Immunofluorescence analysis of macrophages M1 and M2. (A, B, and C) Macrophage M1 in the patient's skin 
with leishmaniasis identified by MHC II stain (arrowhead) exhibited ANXA1 expression (arrow). (D, E, and F) Macrophage 
M2 identified by CD206 stain (arrowhead) also exhibited ANXA1 expression (arrow). (A and D) DAPI, (B and E) ANXA1 stain, 
(C) MHC II stain, and (F) CD206 stain. Bar = 5 μm.

Among patients with ECR lesions that healed within 90 days, 
there werewas a higher number of M1 macrophages, whereas 
patients with ECR and EGR lesions that resolved within 180 
days had an increased number of M2 macrophages. The cellular 
population that supports Leishmania persistence/proliferation 
is not well-defined and appears to vary between infections with 
each parasite species2,5,8. In L. major-infected murine models, M2 
macrophages were linked to the anti-inflammatory cytokines (e.g., 
IL-4, IL-10, IL-13, TGF-β), macrophage colony-stimulating factor, 
arginase I expression (reducing nitric oxide production), parasite 
survival, and disease progression8,13-15. In contrast, M1 macrophages 
were associated with the release of inflammatory cytokines 
(TNF-α, IL-1β, IL-12, IFN-γ), ROS and nitric oxide, culminating in 
parasite elimination10-12. However, in L. braziliensis infections, it is 
unclear which host cells primarily supports parasite persistence/
proliferation2,8. Some studies have suggested that M2-like cells, 
characterized by high arginase activity and low NO production, 
may be important in promoting more severe diseases13. Despite 
this, it is important to note that M2 macrophages play a crucial 
role in wound healing in CL, involving numerous growth factors 
and chemokines13-15,26. In contrast, a robust M1 response may be 
related to the severe manifestations associated with inflammation 
induced by L. braziliensis24,25.

In this study, patients with ECR lesions who achieved healing 
within 90 days exhibited high levels of IFN-γ and TNF-α, along 
with an increased degree of M1 macrophages and lower ANXA1 
expression o. In contrast, patients with ECR lesions who achieved 
healing in 180 days exhibited higher levels of TGF-β, IL-9, IL-10, 
IL-21, and IL-23, alongside a higher number of M2 macrophages 
and enhanced expression of ANXA1. Patients with EGR lesions, 
achieving resolution at 180 days, demonstrated increased levels 
of IFN-γ, TNF-α, TGF-β, IL-9, IL-10, IL-21, and IL-23, an increased 
number of M2 macrophages, and increased ANXA1 expression. 
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Additionally, patients with ENR lesions and healing in 90 days 
exhibited an increase in TNF-α levels. These data suggest a complex 
interplay between specific cytokines and macrophage phenotypes, 
which are closely related to the infectious microenvironment and 
clinical outcomes in patients with L. braziliensis-induced infection. 
Some studies have described cytokine levels in human skin during 
L. braziliensis infections7,8,15. These data are of interest for evaluation, 
particularly when considering an infectious microenvironment. In 
patients with ECR lesions, these cells are diffusely distributed in 
the dermis. For EGR lesions, cells are contained in an in situ system 
that maintains subpopulations of M1 and M2 macrophages, as 
described in other research27. A granuloma creates a condition 
in which cells are kept in a continuous stimulus system (feedback 
loops), generating substantial heterogeneity in the types of infected 
host cells and affecting the parasite replicative state27,28. In ENR 
lesions, in addition to the infectious process of the parasite, necrosis 
exacerbates the immune response, affecting the cellular balance20.

Considering the M1/M2 paradigm, M1 activation induces 
Leishmania elimination, whereas M2 is associated with wound 
healing and potentially exacerbates the disease8,11,15, some 
molecules have been described to regulate these macrophages. 
One such molecule is ANXA1, an immunomodulatory protein 
involved in inflammatory response and macrophage activation18,19. 
ANXA1 has been described as a mediator of macrophage 
opsonization and non-phlogistic phagocytosis19,29. Additionally, 
ANXA1 can modulate important cytokines (e.g, TNF-α, IL-1β, 
and IL-10)18, potentially influencing differentiation towards M2 
macrophages. Several studies have reported the presence of 
ANXA1 in the CL16,17,21. One of these works related to ANXA1 
action in the phagocytic activity of neutrophils infected with 
L. braziliensis21. Another study identified the differentiation of 
ANXA1 expression in macrophages subtypes16. This study further 
elucidated ANXA1 in M1 and M2 cells, where its expression in M2 
macrophages was higher in patients who healed after 180 days.

A limitation of this study is that our findings do not provide 
a longitudinal follow-up to assess the durability of healing and 
potential recurrence of lesions, which is crucial for understanding 
the long-term efficacy of treatments. The number of patients was 
limited and may not fully represent the population affected by 
cutaneous leishmaniasis. In addition, the study did not evaluate 
the effect of different treatment regimens or adherence levels on 
the immunological profiles and healing outcomes of CL.

In conclusion, this study suggests that the L. braziliensis-
induced infectious microenvironment affects the differentiation of 
M1 and M2 macrophages, cytokine levels, and ANXA1 expression, 
thereby altering the healing capacity of patients. Therefore, 
histopathological and immunological investigations may improve 
the selection of CL therapy.
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