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Cutaneous leishmaniasis (CL) is an infectious disease characterized by severe

local inflammatory response, predominantly mediated by cytokines such as IL-1b
and TNF, and cytotoxicity, contributing to tissue damage and lesion

development. Given the high rate of therapeutic failure in Leishmania

braziliensis transmission areas, the investigation of molecules that regulate

inflammatory response has become a promising adjuvant therapeutical

strategy. In this study we investigated the effects of Annexin A1 (ANXA1) on the

inflammatory response of CL patients. We initially performed in silico analyses

from our previous transcriptome databases and found increased expression of

ANXA1, IL1B, and IL10 genes in skin biopsies from CL patients when compared to

healthy skin from healthy subjects (HS). Also, increased levels of ANXA1, IL1b, and
IL10 proteins were observed in serum levels and cultures of skin biopsies in CL

patients when compared to HS. Treatment of lesion biopsies with recombinant

ANXA1 reduced IL-1b levels without affecting IL-10 secretion, indicating a

selective anti-inflammatory effect. Additionally, monocyte-derived

macrophages from HS increased ANXA1, IL-1b, and IL-10 production upon

Leishmania infection. Blockade of FPR2 receptor increased ANXA1 levels.

Finally, addition of recombinant ANXA1 to macrophages did not affect the

ability of these cells to kill Leishmania. Our findings demonstrate that ANXA1

negatively regulates IL-1b in CL, without impairing anti-inflammatory

mechanisms or macrophage microbicidal activity, highlighting its potential use

as an adjuvant therapy for controlling inflammation and disease progression.
KEYWORDS

Annexin A1, cutaneous leishmaniasis, L. braziliensis, immune response, inflammation
frontiersin.org01

https://www.frontiersin.org/articles/10.3389/fimmu.2025.1685264/full
https://www.frontiersin.org/articles/10.3389/fimmu.2025.1685264/full
https://www.frontiersin.org/articles/10.3389/fimmu.2025.1685264/full
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fimmu.2025.1685264&domain=pdf&date_stamp=2025-10-22
mailto:carvalholp76@gmail.com
https://doi.org/10.3389/fimmu.2025.1685264
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology#editorial-board
https://www.frontiersin.org/journals/immunology#editorial-board
https://doi.org/10.3389/fimmu.2025.1685264
https://www.frontiersin.org/journals/immunology


Santos et al. 10.3389/fimmu.2025.1685264
1 Introduction

Cutaneous leishmaniasis (CL) is the most common clinical

form of American tegumentary leishmaniasis (ATL) and

Leishmania braziliensis is the main etiological agent causing ATL

in Brazil (1). CL is characterized by skin lesions with elevated

borders, a granulomatous base, and an intense inflammatory

infiltrate, predominantly composed of lymphocytes and

mononuclear phagocytes, along with a reduced number of

parasites (2, 3). Although the inflammatory response is associated

with control of parasite replication, its exacerbation leads to the

development of cutaneous ulcers. CL patients have production of

Interleukin 1 beta (IL-1b) and decreased expression of the

interleukin 10 (IL-10) receptor in lesions, which is associated with

the inability to control pro-inflammatory effects, ultimately leading

to tissue damage (4, 5).

In regions endemic for L. braziliensis, pentavalent antimonial

(SbV) remains the first-line therapy recommended by the Brazilian

public health system. However, high therapeutic failure rates,

reaching up to 70% depending on the clinical form is

documented. Additionally, patients in the pre-ulcerative stage

(early cutaneous leishmaniasis, ECL) are more likely to experience

treatment failure with SbV (6, 7). Thus, there is an urgent need for

new adjuvant therapies capable of reducing inflammation and

parasite replication, thereby minimizing treatment failure in CL.

Annexin A1 (ANXA1) is a 37 kDa protein belonging to the

annexin superfamily. It is induced by glucocorticoids and expressed

in the cytosol of myeloid, epithelial, and endothelial cells (8). After cell

activation, ANXA1 is externalized via vesicles from the plasma

membrane. When in the extracellular medium, it acquires a

conformation (through its N-terminal region) to bind to the G

protein-coupled receptor FPR2/ALX (9, 10). Annexin A1, already

well-described in the literature as an inflammation regulator, when

induced by glucocorticoids, it has been shown to be an inhibitor of

phospholipase A2 (11). Its primary receptor, FPR2, acts as a crucial

mediator of its anti-inflammatory properties and regulates leukocyte

trafficking during the inflammatory response (12). Murine knockout

models for ANXA1 exhibited exacerbated inflammatory responses and

resistance to steroid anti-inflammatories (13). In another animal

model, ANXA1 protected the myocardium against ischemia-

reperfusion injury (14). Treatment with the ANXA1-derived mimetic

peptide, Ac2-26, in models of endotoxin-induced uveitis, reduces

leukocyte infiltration and the release of inflammatory mediators,

including IL-1b (15). Also, in mice subjected to intestinal ischemia-

reperfusion and treated with Ac2-26, increased levels of IL-10 and a

reduction in plasma TNF were observed, suggesting a role for ANXA1

in promoting IL-10-mediated anti-inflammatory responses in

experimental models (16).

Considering the central role of inflammation in the

pathogenesis of CL and its association with tissue damage and

therapeutic failure, it is essential to identify new strategies or

adjuvant therapeutic targets to modulate the inflammatory

response. In the present work we found that ANXA1 decreases

IL-1b production, independent of IL-10, without affecting the

ability of macrophages to kill Leishmania parasites.
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2 Methods

2.1 In silico analysis

Transcriptomic data from skin and peripheral blood were

obtained from GSE127831 (17) and GSE162760 (18), respectively,

and labeled according to the provided metadata. The dataset

included 21 skin samples from L. braziliensis-infected patients

before treatment, 7 uninfected endemic controls, 50 peripheral

blood samples from L. braziliensis-infected patients before

treatment, and 14 uninfected endemic controls. Additionally, L.

braziliensis sequenced by RNA-seq was analyzed. Gene expression

levels of PYD and CARD domain containing (PYCARD), caspase-1

(CASP1), NLR family pyrin domain containing 3 (NLRP3), IL1B,

IL10, FPR2, and ANXA1 were evaluated. Heatmaps and correlation

matrices were generated using RStudio Cloud.
2.2 Subjects

This study was approved by the Research Ethics Committee of

the Faculty of Medicine of Bahia (protocol number: 2471185) and

the Brazilian National Research Ethics Commission (protocol

number: 2512.434). All participants provided written informed

consent. The study was conducted in accordance with the

Declaration of Helsinki and its subsequent revisions. Fifty-eight

CL patients were recruited from the endemic area of leishmaniasis,

Corte de Pedra, Bahia, Brazil. The diagnostic criteria included the

presence of an ulcerated skin lesion, without evidence of mucosal

involvement, and the detection of L. braziliensis DNA by PCR (19,

20). The control group consisted of twenty-eight HS living in a non-

endemic area of the same state, with no reported exposure to

Leishmania. All CL patients underwent clinical evaluations before

starting treatment.
2.3 Monocyte-derived human macrophage
cultures and L. braziliensis infection

Monocyte-derived macrophages from HS were prepared from

peripheral blood mononuclear cells (PBMCs) were isolated from

heparinized venous blood by Ficoll-Paque (GE Healthcare, Chicago,

IL, USA) gradient centrifugation. After being washed in saline, the

cells’ concentration was adjusted to 2,5 x106 cells in 0,5 ml of RPMI-

1640 (low glucose) (Thermo Fisher Scientific, NY, USA)

supplemented with 10% FBS, penicillin (100 U/ml), and

streptomycin (100 µg/ml) (Thermo Fisher Scientific, NY, USA).

Monocytes were separated by adherence in labtek plates. After 6

days of culture, the adherent cells displayed characteristics of

monocytes-derived macrophages. After differentiation of

monocytes to macrophages, the cells were infected with

stationary-phase L. braziliensis promastigotes at a 5:1 ratio for 4

hours, while uninfected macrophages served as controls. After

incubation, the infected cells were cultured in the presence or

absence of recombinant Annexin A1 (rAnnexin A1) (R& D
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Systems, Minneapolis, MN, USA) at concentrations of 1 µg/ml, as

well as WRW4 (Tocris Bioscience, Bristol, UK) (23 µM), an FPR2

inhibitor, for 4 and 48 hours. At each time point, culture

supernatants were collected and the levels of IL-1b, IL-10, and
Annexin A1 were quantified by enzyme- linked immunosorbent

assay (ELISA). Additionally, the infection rate and parasite load

were assessed by three independent observers, through microscopy.
2.4 Biopsy culture

Biopsies of the active CL lesion and healthy skin from HS from

lower limbs were performed using a 4 mm punch. Whole fragments

were weighed and placed in tubes containing 1 mL of RPMI-1640

(Gibco, Waltham, MA, USA) supplemented with 10% FBS (Gibco,

Waltham, MA, USA), 100 U/ml penicillin, and 100 µg/ml

streptomycin, and incubated at 37 °C, 5% CO2 for 48 hours in

the presence or absence of 1 µg of rAnnexin A1 (R&D Systems,

Minneapolis, MN, USA).
2.5 Parasite culture

An isolate of Leishmania braziliensis (MHOM/BR/LTCP30833)

was obtained from a skin lesion of a patient with CL and identified

as L. braziliensis through multilocus enzyme electrophoresis (21,

22). After isolation, the parasites were cryopreserved in liquid

nitrogen until use. For this study, they were thawed and

expanded in culture only once in Schneider’s medium (Sigma-

Aldrich, St. Louis, MO, USA) supplemented with 20% heat-

inactivated fetal bovine serum (FBS), 1% L-glutamine, 100 U/ml

penicillin, and 100 µg/ml streptomycin (Thermo Fisher Scientific,

New York, NY, USA). Parasites in the stationary phase were used

for the experiments.
2.6 Cytokines quantification

The levels of IL-1b, IL-10 (BD Biosciences, San Diego, CA,

USA) and Annexin A1 (RayBiotech, Inc., Norcross, CA, USA) were

determined by ELISA in serum samples from CL patients and HS,

as well as in supernatants from L. braziliensis-infected macrophage

cultures. All assays were performed according to the

manufacturers’ instructions.
2.7 Statistical analysis

Statistical analyses were performed using GraphPad Prism 9.0

and RStudio. Data were expressed as mean and standard deviation.

Differences between groups were assessed using the Mann-Whitney

or Wilcoxon test, as appropriate. Correlations were analyzed using

Pearson’s test. Differences with p ≤ 0.05 were considered

statistically significant.
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3 Results

3.1 ANXA1 and inflammatory genes
expression are increased in clinical samples
from CL patients

To investigate association between ANXA1 and inflammasome

pathways, we assessed gene expression in the peripheral blood from

HS and CL patients. Our analysis revealed increased expression of

ANXA1, CASP1, and PYCARD in the peripheral blood of CL

patients, while there was no difference in the expression levels of

FPR2, NLRP3, IL1B, and IL10 (Figures 1A-H). Subsequently, we

constructed a correlation matrix using the same genes but

exclusively from CL patient samples. This analysis revealed a

positive correlation among most genes, particularly between FPR2

and NLRP3, CASP1, and PYCARD. In contrast, ANXA1 negatively

correlated with NLRP3 (Figure 1I). We also investigated ANXA1

and IL-1b protein in blood. Despite negative correlation between

ANXA1 and NLRP3 gene expression, we found increased serum

levels of ANXA1 and IL-1b protein in CL patients when compared

to HS (Figures 1J, K).

Systemic immunity may not reflect the immune response that

happens at lesion site. Thus, we then assessed the expression of the

genes studied above in HS skin and compared with those from CL

lesion. Our data show significantly higher expressions of PYCARD,

ANXA1, CASP1, IL1B, FPR2, IL10, and NLRP3 in CL lesions when

compared to HS (Figures 2A-H). We then generated a correlation

matrix with the expression of the genes PYCARD, CASP1, NLRP3,

IL1B, ANXA1, and FPR2 from CL lesions. We identified positive

correlations between inflammasome pathway genes (NLRP3,

CASP1, and IL1B) and FPR2, as well as between ANXA1 and

IL1B (Figure 2I). Collectively, these results strengthen the idea

that inflammasome activation is a major feature of CL

pathogenesis, both at the systemic level and at the lesion site.
3.2 ANXA1 downregulates IL-1b production
in cells from CL lesion

Since we found ANXA1 gene expression in blood and lesion

from CL patients, we then investigated whether ANXA1 protein

would be present in CL lesions. Thus, we determined the

concentration of ANXA1, IL-1b and IL-10 protein in the

supernatant of HS skin and lesion border biopsies from CL

patients. We found increased levels of ANXA1, IL-1b and IL-10

in cells from CL lesion cultures when compared to HS skin

(Figures 3A–C). ANXA1 has been associated with both

inflammation and immunoregulatory responses. To understand

the effects of ANXA1 in CL, we treated CL biopsies cultures with

recombinant ANXA1 (rANXA1) and determined IL-1b and IL-10

concentrations after 48 hours. We observed that the biopsies treated

with rANXA1 exhibited significantly lower levels of IL-1b when

compared to the untreated biopsies cultures, whereas no change was

observed in IL-10 production (Figures 3D, E). This finding suggests
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that treatment with rANXA1 may exert a regulatory effect on IL-1b
production in CL patients, independent of IL-10, supporting the

idea that ANXA1 plays a role in modulating inflammation.
3.3 ANXA1 is produced by L. braziliensis-
infected macrophages

We found increased levels of ANXA1 in CL lesion. Since

macrophages are the main cells parasitized by Leishmania, we

asked whether L. braziliensis-infected macrophages produced

ANXA1. For that we conducted assays using monocyte-derived

macrophages (MDMs) from HS infected with L. braziliensis at a

ratio of 5:1 (parasites:cell). Increase in the levels of ANXA1, IL-1b,
Frontiers in Immunology 04
and IL-10 were observed in the supernatant of L. braziliensis-

infected cultures after 4 and 48 hours (Figures 4A–C).
3.4 ANXA1 downregulates IL-1b through
the receptor FPR2 in L. braziliensis-
infected macrophages

To investigate the role of ANXA1 in Leishmania-infected

macrophages we cultured (MDMs) in the presence or absence of

rANXA1 andWRW4, a selective inhibitor of the FPR2 receptor, one

of the main receptors for ANXA1. Addition of rANXA1 decreased

IL-1b levels and blockade of FPR2 receptor abrogated its effect

(Figures 5A–C). These findings show that annexin modulates IL-1b
FIGURE 1

Differentially Expressed Genes in Clinical Samples from Cutaneous Leishmaniasis Patients. (A) Heatmap showing clustering of gene expression for
PYCARD, CASP1, NLRP3, IL-10, IL1B, ANXA1, and FPR2 in peripheral blood from HS (n = 14) and CL patients (n = 50). Rows represent genes and
columns represent individuals. The color scale indicates relative expression levels, ranging from blue (low expression) to yellow (high expression).
(B-H) Differences in gene expression between CL patients and HS for (B) PYCARD, (C) NLRP3, (D) FPR2, (E) IL10, (F) ANXA1, (G) IL1B, and (H) CASP1.
PYCARD, CASP1, and ANXA1 showed significantly higher expression in CL patients compared to HS. (I) Pearson correlation matrix of PYCARD,
NLRP3, CASP1, IL1B, FPR2, and ANXA1 expression in peripheral blood from CL patients (n = 50). Positive correlations are shown in green and
negative correlations in red. (J) Serum levels of ANXA1 and (K) IL-1b in CL patients (n = 50) and HS (n = 14), determined by ELISA. Results are
expressed as mean ± standard deviation. Statistical analysis was performed using the Mann–Whitney test. *P < 0.05, **P < 0.01, ***P < 0.001.
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production through FPR2 receptor signaling in L. braziliensis

infection in human macrophages. As expected, the addition of

ANXA1 did not affect IL-10 production. These data suggest that

ANXA1 regulates IL-1b production independent of IL-10.
3.5 ANXA1 does not affect phagocytic
ability and parasite killing by macrophages
infected with L. braziliensis

Although IL-1b has not been associated with L. braziliensis

killing in human macrophages, data on literature has documented a

role for IL-1b in Leishmania parasites killing in animal models (23).

Thus, we assessed whether the negative regulation of IL-1b
promoted by ANXA1 would impair the phagocytic and killing

ability of macrophages. As documented before, we observed a

reduction in both the infection rate and number of parasites

within macrophages over time (24). Moreover, the presence of
Frontiers in Immunology 05
ANXA1 or its receptor (FPR2) inhibitor showed no influence in the

ability of macrophage to kill Leishmania parasites (Figures 6A, B).
4 Discussion

IL-1b is an inflammatory cytokine produced by macrophages

and neutrophils that participate in the pathogenesis of various

diseases, such as autoimmune, autoinflammatory, metabolic, and

neurodegenerative diseases, contributing to the severity of the

pathological process (25, 26). In parasitic diseases such as

leishmaniasis, there is a complex interaction between different

Leishmania species and the host immune system, mediated by

cytokines such as IL-1b and IL-10, which determines the clinical

outcomes of the disease. Each species manifests a distinct cytokine

profile: while certain strains of L. major (such as LmSd) trigger a

robust IL-1b response that contributes to lesion pathology, L.

amazonensis suppresses the initial production of inflammatory
FIGURE 2

CL patients show higher expression of inflammasome-related genes in active lesions. (A) Heat map showing expression of PYCARD, ANXA1, CASP1,
IL1B, FPR2, and NLRP3 in lesion biopsies from CL patients (n = 21) and healthy skin samples (n = 7), clustered by similarity. Blue indicates low
expression, yellow indicates high expression. (B-H) Gene expression differences between CL lesions and healthy skin for (B) PYCARD, (C) NLRP3,
(D) FPR2, (E) IL10, (F) ANXA1, (G) IL1B, and (H) CASP1. (I) Correlation matrix for gene expression in CL lesions (n = 21) showing positive correlations
(green) and negative correlations (red). Results are expressed as mean ± standard deviation. Statistical analysis was performed using the Mann–
Whitney U test for (B-H) and Pearson correlation for (I). *P < 0.05, **P < 0.01, ***P < 0.001.
FIGURE 3

ANXA1 down-regulates IL-1b Production in CL. Levels of (A) ANXA1, (B) IL-1b, and (C) IL-10 determined by ELISA in supernatants from CL lesion
biopsy cultures (n = 8) and healthy skin from HS (n = 5). (D) IL-1b and (E) IL-10 in lesion biopsy cultures (48 hours) from CL patients treated or not
with rANXA1 (1 µg). Results are expressed as mean ± standard deviation. Statistical analysis was performed using the Wilcoxon test. **P < 0.01.
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FIGURE 4

ANXA1 is produced by L. braziliensis-infected macrophages. Monocytes-derived macrophages were infected with L. braziliensis (5:1) for 4 and 48
hours. (A)ANXA1, (B) IL-1b and (C) IL-10 levels determined by ELISA. Results are expressed as mean ± standard deviation. Statistical analysis was
performed using the Wilcoxon test. *P < 0.05, **P < 0.01.
FIGURE 5

ANXA1 downregulates IL-1b through the receptor FPR2 in L. braziliensis-infected macrophages. Levels of ANXA1, IL-1b, and IL-10 in culture
supernatants of monocyte-derived macrophages from healthy subjects (n = 9) infected with Leishmania braziliensis (5:1) in presence and absence of
recombinant Annexin A1(1 µg/mL) and WRW4(23 µM/mL) at 4 and 48 hours. (A) ANXA1 levels, (B) IL-1b levels, and (C) IL-10 in culture supernatants
were determined by ELISA. Results are expressed as mean ± standard deviation. Statistical analysis was performed using the Wilcoxon test. *P < 0.05,
**P < 0.01.
FIGURE 6

ANXA1 does not affect phagocytic ability and parasite killing by macrophages infected with L. braziliensis. Effect of WRW4 and rANXA1 treatment on
monocyte-derived macrophages from healthy subjects (n = 9) infected with Leishmania braziliensis (5:1) at 4 and 48 hours. rate infection (A) and the
number of amastigotes per 100 cells (B). Results are expressed as mean ± standard deviation. Statistical analysis was performed using the unpaired
t-test. *P < 0.05, **P < 0.01.
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cytokines, facilitating the establishment of the infection (27). L.

infantum, in turn, induces both pro-inflammatory IL-1b and

regulatory IL-10, reflecting the complexity of visceral

leishmaniasis. In parallel, IL-10 is consistently associated with

parasite persistence and immune dysregulation in infections with

L. amazonensis and L. major (28, 29), while in L. braziliensis and L.

tropica IL-1b is the main cytokine associated with tissue damage

and its release depends on the activation of the NLRP3

inflammasome (23, 24, 30, 31). IL-1b not only has a significant

expression but has also been associated with lesion size (32) and

areas of lesion necrosis (24). IL-10 is seen as a cytokine with anti-

inflammatory functions that regulates the immune response

Oliveira et al. (33); Santos et al. (24); Lima-Junior et al. (23).

ANXA1 is a protein with anti-inflammatory properties and has

been associated with downregulation of IL-1b production. Here we

investigated the role of ANXA1 in IL-1b production in CL patients.

Our results show that ANXA1 is produced by L. braziliensis-

infected macrophages and in CL lesions, and by signaling through

FPR2, ANXA1 decreases IL-1b production.

To investigate the role of ANXA1 in CL, we first analyzed gene

expression in peripheral blood data from CL patients and identified

a significant increase in the expression of PYCARD, CASP1, and

ANXA1 when compared to HS. These findings indicated that, in

addition to the local inflammatory response, there is evidence of

systemic inflammasome activation in CL patients. PYCARD and

CASP1 are core components of the inflammasome, essential for the

activation of caspase-1 and the subsequent processing and release of

IL-1b (34, 35). Thus, their systemic upregulation suggests the

possibility of inflammasome formation and activation in the

circulation, which may contribute to elevated systemic IL-1b
levels and the exacerbation of inflammation in different

compartments (23). Interestingly, the correlation matrix analysis

of gene expression in the blood of CL patients revealed positive

correlations between FPR2 and NLRP3, CASP1, and PYCARD,

suggesting that the FPR2-mediated pathway may play a role in

modulating systemic inflammasome activation. On the other hand,

we observed that ANXA1 negatively correlated with NLRP3, which

may indicate a potential regulatory role of ANXA1 in restraining

NLRP3 inflammasome activation in peripheral blood, possibly

attempting to control exacerbated inflammation.

We also analyzed gene expression at lesion site. The expression

of PYCARD, CASP1, NLRP3, IL1B, ANXA1, and FPR2 genes were

higher in CL lesion samples when compared to those from skin of

HS. This pattern sustains the idea of intense inflammasome

activation within the lesion microenvironment, contributing to

local IL-1b production (35). The correlation matrix generated

from these data indicated that FPR2 was positively correlated

with CASP1, NLRP3, IL1B, and IL10, suggesting that, besides

potentially favoring inflammasome activation, FPR2 may also be

associated with a regulatory feedback mechanism, possibly

mediated by IL-10. Our findings are consistent with studies

reporting that FPR2 activation is associated with the modulation

of inflammatory response, demonstrating that increased release of

anti-inflammatory cytokines such as IL-10, particularly during the

resolution phase, occurs when FPR2 agonists promote the
Frontiers in Immunology 07
suppression of pro-inflammatory mediators, while simultaneously

enhancing the release of anti-inflammatory factors, including IL-10,

decreasing inflammatory response and tissue repair (36). Notably,

in lesion samples ANXA1 positively correlated with IL1B,

suggesting a possible dual role for this molecule, in both

controlling and perpetuating the inflammatory response,

depending on the tissue compartment. These findings raise

several important questions, especially given the discrepancies

among different authors’ reports. It is widely accepted that a

relationship exists between ANXA1, IL-1b, and the NLRP3

inflammasome, and that ANXA1 and NLRP3 co-localize in the

cytosol, indicating potential functional interaction (37–40).

Therefore, controversial studies have been published regarding

the effects of ANXA1 on IL-1b production. For instance, it was

reported that ANXA1 is required for IL-1b release in response to

NLRP3 inflammasome activation. Using rodent macrophages, it

was demonstrated that ANXA1 regulates the transcription and

expression of NLRP3, pro-IL-1b, and pro-caspase-1, and directly

interacts with NLRP3 in a FPR2- independent manner, suggesting

its involvement in inflammasome assembly and activation (37). In

contrast, it was shown that peritoneal macrophages from ANXA1-

deficient rodents stimulated with nigericin or ATP exhibited an

exacerbated release of IL-1b following NLRP3 inflammasome

activation, suggesting that ANXA1 plays an anti-inflammatory

modulatory role by limiting inflammasome activation (38).

Supporting the last findings, in human keratinocytes stimulated

under atopic dermatitis conditions, levels of both NLRP3 and

ANXA1 were elevated, along with the release of IL-1b, and

treatment with an ANXA1 mimetic peptide modulated IL-1b
production and NLRP3 activation, highlighting the relevance of

this interaction in cutaneous inflammation (40).

These divergences underscore the importance of considering

cell type and inflammatory stimulus in each study, particularly in

the context of CL. The results obtained in our study suggest a strong

association between serum levels of ANXA1 and IL-1b and the

inflammatory profile observed in CL. We observed that CL patients

exhibit significantly higher levels of both ANXA1 and IL-1b in

serum when compared to HS, reinforcing the hypothesis that

ANXA1 may play an important role in modulating the systemic

inflammatory response associated with infection. Similar

mechanisms have been described in other chronic inflammatory

diseases. In a murine model of gout, for instance, ANXA1 was

shown to promote neutrophil apoptosis and acute inflammation

resolution, being essential to control chronic inflammation

associated with gout (41). Additionally, an in vitro and in vivo

mouse transplant model investigating the role of ANXA1 in

modulating monocyte migration, suggested that ANXA1

negatively regulates cell migration and chronic inflammation (42).

To better understand the local anti-inflammatory effects mediated

by ANXA1, we performed 48-hour ex vivo cultures from lesion edge

biopsies of CL patients and healthy skin from HS. The results showed

that the levels of ANXA1, IL-1b, and IL-10 in culture supernatants

from lesion edge biopsies were significantly higher when compared to

those from healthy skin biopsies. Similar findings have been reported in

another study demonstrated that the absence of ANXA1 results in
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greater susceptibility to infection, with exacerbated inflammatory

responses, impaired control of parasitism, and reduced IL-10 levels

Ricotta et al. (43) The increased levels of ANXA1 at CL lesion site

suggests that this protein may be involved in modulating the

inflammatory response, possibly acting as a regulatory mechanism to

restrain exacerbated inflammation. Similar findings have been reported

in other chronic inflammatory models, where ANXA1-deficient

animals exhibited exacerbated inflammatory responses in

carrageenan-induced edema and zymosan-induced peritonitis

models, with increased leukocyte migration and IL-1b production

(13, 44).

We also evaluated the effects of exogenous ANXA1 on cells from

CL lesions. We observed that culture supernatants from treated

biopsies showed significantly reduced IL-1b levels when compared to

untreated cultures. Our results are consistent with previous work in an

endotoxin-induced uveitis model in rodents and in vitro studies with

human cells, where systemic and topical administration of ANXA1

resulted in decreased leukocyte infiltration in ocular tissues and

reduced expression of inflammatory mediators (15).Similar findings

have been reported in another study using a model of L. amazonensis

infection demonstrating that the absence of ANXA1 results in greater

susceptibility to infection, with exacerbated inflammatory responses,

impaired control of parasitism, and reduced IL-10 levels (43). Also, in

mice model of L. braziliensis, it was documented that ANXA1

downregulates inflammatory response and improves lesion resolution

(45). The reduction of IL-1b observed in our study strengthened the

potential immunoregulatory role of ANXA1 in attenuating the

exacerbated inflammation, a characteristic of CL lesions.

In contrast, no significant differences were observed in IL-10

levels between treated and untreated cultures. Data available in

literature indicate that the anti-inflammatory effects of ANXA1 may

be related to IL-10. In animal models, ANXA1 administration

promoted IL-10 production, while in IL-10-deficient animals, the

anti-inflammatory effects of ANXA1 were abolished, suggesting an

interdependence between these molecules (44). Our studies indicate

that ANXA1 may selectively modulate pro-inflammatory mediators

such as IL-1b without affecting the release of the anti-inflammatory

cytokine IL-10, representing a strategic mechanism by which the

host restrains exacerbated inflammation without compromising

parasite control and resolution mechanisms.

Experiments with HS monocytes-derived macrophages infected

with L. braziliensis revealed a multifaceted inflammatory regulation

profile mediated by ANXA1, IL-1b, and IL-10, highlighting an

interesting feedback mechanism involving the FPR2 receptor. When

rANXA1 was added exogenously, a significant reduction in IL-1b
levels was observed at both 4 and 48 hours, clearly demonstrating a

regulatory effect on this pro-inflammatory cytokine. The fact that IL-10

levels remained unchanged under these conditions further supports the

selectivity role of ANXA1. Intervention with WRW4, a selective

inhibitor of the FPR2 receptor - one of the main receptors for

ANXA1 - abrogated the downregulatory effect of ANXA1 on IL-1b
production. These results indicate that in human CL due to

L. braziliensis the main receptor for ANXA1 is FPR2.

Since it has already been documented that human monocytes-

derived macrophages have an innate capacity to kill L. braziliensis
Frontiers in Immunology 08
through increased production of reactive oxygen species, we assessed

the infection rate and the average number of amastigotes per cell in

these cultures and demonstrated that, regardless of the inflammatory

modulation conditions, macrophages showed a reduction in these

metrics from 4 to 48 hours, confirming their innate microbicidal

capacity, independent of low levels of IL-1b (46, 47). Although in

mice model it has been documented that IL-1b production is

necessary for Leishmania parasite killing, studies using human

monocytes/macrophages did not find an effect of IL-1b in

Leishmania killing (23, 24). These results suggest the decrease of

IL-1b production induced by ANXA1 would benefit the patients

without affecting the ability macrophages to kill parasites. The data

from this study strengthens the role of ANXA1 as a modulator of the

inflammatory response in CL, highlighting its ability to regulate IL-1b
production in both systemic and lesion sites without interfering with

IL-10 levels or parasite killing. This selective action suggests that

ANXA1 contributes to controlling excessive inflammation,

characteristic of the disease, without compromising essential

regulatory mechanisms.

From a clinical perspective, these findings position ANXA1 as a

potential adjuvant in treating CL lesions, able of modulating the

inflammatory response in a controlled manner, favoring tissue

resolution without impairing parasite killing. Future clinical studies

are needed to validate the ANXA1 role as a biomarker or therapeutic

agent in immunomodulatory management strategies for CL.
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