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Abstract
Introduction: Cutaneous leishmaniasis is caused by protozoa of the genus Leishmania and transmission occurs through the bite 
of sandflies. It is an infectious disease, which affects skin and mucosa. The aim was to quantify the macrophages M1 and M2 and 
the annexin A1 expression in the skin lesions of patients with cutaneous leishmaniasis. Methods: Skin biopsies from patients (n 
= 50) were analyzed and classified according to the lesion type as: exudative cellular reaction, exudative granulomatous reaction, 
exudative necrotic reaction, exudative necrotic-granulomatous reaction. Using the immunofluorescence technique, macrophages 
were identified by CD163 marker, differentiated by anti-MHCII and anti-CD206 antibodies, and annexin A1 expression was 
determined by arbitrary unit (a.u.) densitometry. Results: In M1 macrophages, a greater expression of this protein was observed 
in the exudative cellular reaction type lesions (136.3 ± 2.6 a.u., assuming mean and standard derivation) when compared to the 
expression in the lesions of exudative granulomatous reaction, exudative necrotic reaction and exudative necrotic-granulomatous 
reaction patients (108.0 ± 2.3, 121.6 ± 3.2 and 124.7 ± 2.4 a.u., respectively). Regarding M2 macrophages, it was observed that 
patients with exudative cellular reaction lesion also had a higher expression of this protein (128.8 ± 2.6 a.u.), when compared to the 
expression in the lesions of exudative granulomatous reaction, exudative necrotic reaction and exudative necrotic-granulomatous 
reaction patients (105.6 ± 2, 113.9 ± 2.8, 114.3 ± 2.1 a.u., respectively). Conclusions: These data suggest that annexin A1 is 
assisting macrophages in the phagocytosis process of patients with exudative cellular reaction lesion type.
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INTRODUCTION

American tegumentary leishmaniasis (ATL) is a tropical and 
non-contagious disease, and is caused by protozoa belonging 
to the genus Leishmania, which presents a complex biological 
cycle. Leishmaniasis can be transmitted between humans 
or other vertebrate hosts through the bite of infected female 
sandflies, with the Lutzomyia genus being the main vector. In 
Brazil, seven Leishmania species cause the disease and are 

distributed throughout the national territory. The three main 
species are Leishmania (V) braziliensis, L. (V.) guyanensis and 
L. (L.) amazonensis1-3.

The most frequently used diagnosis method is the association 
between the clinical aspects presented by the patient and the 
results of parasitological exams. However, these tests have low 
specificity and sensitivity. The application of methods such as 
polymerase chain reaction (PCR) and immunofluorescence 
could help to increase the sensitivity of these exams4-6.

Macrophages are cells known for their great heterogeneity 
and plasticity, as they may present different phenotypes in 
response to different microenvironmental stimuli. They are 
classified in several groups according to their functions, with 
groups M1 and M2 being the most important7. After stimulation 
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with cytokines associated with Th1 lymphocytes, notably IFNγ, 
they acquire effector function against intracellular pathogens, 
which is called the classical pathway or M1 phenotype. 
Conversely, in the milieu of cytokines associated with Th2 
lymphocytes, for example, IL-4, IL-13, IL-33, TGF-β, and 
IL-10, or via microbial triggers, M2 polarization (alternative 
route) will occur8,9. The macrophage polarization mechanisms 
have been widely classified as M1 (classical pathway) and M2 
(alternative pathway), where M1 polarized cells exhibit strong 
pro-inflammatory and microbicidal activity, while polarization 
in M2 is linked to the production of an anti-inflammatory milieu 
leading to tissue regeneration and wound healing10.

In lesions, increased production of pro-inflammatory 
cytokines, including IFN-γ and TNF-α, is essential for parasite 
control11,12. At this stage, there may also be an adaptive immune 
response by B and T lymphocytes. From this point, the infection 
can develop into a disease or be successfully contained13. In 
addition to the immune response, mediating and facilitating 
molecules act to re-establish the homeostasis14. Among these, the 
annexin-A1 protein (ANXA1) stands out. as an important anti-
inflammatory mediator, endowed with a potent anti-migratory 
leukocyte activity, which ensures the transient nature of the 
inflammatory response15,16. Thus, this study aimed to investigate 
the histopathological aspects of skin lesions and analyze the 
presence of M1 and M2 type macrophages at the leishmaniasis 
infection sites and their ANXA1 expression.

METHODS

Patients

Patients (n = 50) with a diagnosis of cutaneous leishmaniasis 
(CL) attended the Leishmaniasis Outpatient Clinic of the Júlio 
Müller University Hospital (UHJM), Federal University of Mato 
Grosso (UFMT), located in Cuiabá-MT. The patients had a mean 
age of 47 years (range, 18 to 83 years). The criteria of eligibility 
for participating in this study were: having no other infectious 
or chronic-degenerative diseases, no immunosuppressive status, 
and have not received treatment for leishmaniasis.

Forty of the studied patients were males (80%). The 
higher number of infected males coincides with the literature, 
which suggests that there is a higher risk of infection for such 
individuals as a result of their prevalence among rural laborers, 
as well as their leisure habits17. 

As for ethnicity, 20 patients were white (40%), 15 were 
black (30%) and 15 were brown (30%). The predominance of 
white patients is different from most of the samples described 
in the literature17,18. However, in the state of Mato Grosso, there 
is a large number of people who migrated from the southern 
region of the country to work in rural properties, which may 
explain the higher number of infected white people in this 
context19. 

Skin lesions were mostly reported in the lower limbs (54%) 
and presented features such as raised borders (50%), infiltration 
(82%) and ulceration (74%), well-described characteristics of 
lesions caused by leishmaniasis20-22. 

Ethical considerations

Participants who agreed to be part of the study initially 
signed the Free and Informed Consent Term approved by the 
Research Ethics Committee of the UHJM, protocol no. CEEA 
no. 51430915.0.0000.55.41. All procedures followed the 
Helsinki Declaration.

Laboratory tests

To test for leishmaniasis, the following techniques were 
performed: parasitological culture of tissue samples from biopsy 
and aspiration of the injuries edges; scraping blade, aspirate, and 
biopsy imprint; histopathology of the biopsy and polymerase 
chain reaction (PCR) of samples from the lesions edges. 

The site asepsis was performed with iodized topical solution 
and then 0.9% saline solution; the clean area was infiltrated with 
an anesthetic (lidocaine 2%), and aspiration was performed 
using a syringe and needle.

Scraping was performed at the inner border of the cutaneous 
lesion. A slide containing the sample was stained with Giemsa 
and examined.

The aspiration was performed from the outer edge of the 
lesion, at the site of the greatest infiltration. The aspirated 
material was deposited on a glass slide.

For the aspirate culture, the material was added to a 15% 
rabbit blood agar plate.

The fragment culture obtained from a biopsy was also added 
to a 15% rabbit blood agar plate.

The imprint examination was performed with a fragment of 
the biopsy. Several pressure movements were performed by the 
apposition of the biopsy fragment on the surface of the slide.

From the laboratory tests performed, the most reliable data 
were obtained by scraping (70% positivity) and PCR (100% 
positivity) tests (Table 1). It is possible to notice that when 
compared to PCR, the other tests, which are the most frequently 
used, present less specificity and sensitivity4,5. However, they 
are necessary, mainly because most of Mato Grosso countryside 
cities do not have the equipment and/or expertise to carry out PCR 
exams. Since leishmaniasis is a notifiable disease and requires 
confirmation of the case to be notified, it is essential to perform these 
tests, to obtain at least one positive result to initiate treatment4,23. 

Sample collection with a cervical brush

The samples for the PCR were collected using cervical 
brushes that were placed in direct contact with the lesions. At 
the time of collection, the brushes were conditioned in a 1.5 mL 
microtube containing phosphate-buffered saline (PBS).

Extraction of deoxyribonucleic acid (DNA)  
from skin fragment

DNA extraction from the cervical brushes was performed 
using commercial Invitrogen® kits following the manufacturer's 
recommendations, which included a previous step of proteinase 
K digestion. The extracted DNA was quantitated using a 
spectrophotometer  Nanodrop 2000® (ThermoScientific, USA) .
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Identification of Leishmania species in patients  
through PCR-HSP70C

The method used to identify the Leishmania species was 
PCR-HSP70C24. For each reaction, it was used a mixture with a 
final volume of 30 μL containing 3 μL of buffer, 3 μL of dNTPs, 
1.8 μL of magnesium chloride at 1.5 mM, 6.2 μL of DNA, 0.6 μL 
of the first Forward 5 'GGA CGAGATCGAGCGCATGGT3', 0.6 
μL of primer Reverse 5'TCCTTCGACGCCTCCTGGTTG3', 
and 0.3 μL of GoTaq® DNA polymerase, together with 14.5 μL of 
Milli-Q water. For the PCR assays, the following amplification 
cycle was used: 94 °C for 4 min, followed by 33 cycles of 94 
°C for 15 sec, 58 °C for 45 sec, 72 °C for 30 sec, and a final 
extension at 72 °C for 10 min.

Subsequently, PCR-HSP70C products were subjected to 
2% agarose gel electrophoresis to visualize the resulting PCR 
bands. The negative control consisted of samples without DNA.

Identification of Leishmania species in  
patients through RFLP PCR

HSP70C positive PCR products were incubated at 37 °C 
overnight with Hae III and BstUI enzymes separately for 
digestion. For each reaction, mixture was prepared with the 

following reagents: 1 μL of an enzyme, 2 μL of the buffer, 9 
μL of ultrapure water (Invitrogen®) and 8 μL of PCR product.

For all patients with positive results for the presence of the 
Leishmania parasite, the species identification was performed 
by PCR-RFLP. After the disclosure, we compared the band 
pattern of patients' samples with 6 references from the World 
Health Organization (WHO) and the Fundação Oswaldo Cruz 
(FIOCRUZ): Leishmania braziliensis (MHOM/BR/1975/
M2903/IOC/L566); Leishmania amazonensis (IFLA/BR/1967/
PH8/IOC/L575); Leishmania guyanensis (MHOM/BR/1975 
/M4147/IOC/L); Leishmania lainsoni (MHOM/BR/1981/
M6426/IOC/L1023); Leishmania naiffi (MDAS/BR/1979/
M553/IOC/L1365); Leishmania shawi (MCEB/BR/1984/
M8408/IOC/L1545).

PCR-RFLP examination revealed that all the patients were 
infected with L. brasiliensis (Figure 1). In the study by Silva 
and collaborators25, it was also observed the prevalence of L. 
brasiliensis in CL patients from Cuiabá, MT, Brazil. 

Biopsy collection

Initially, asepsis and local anesthesia (2% lidocaine without 
vasoconstrictor) were performed at the border of the lesion 
that presented the greatest sign of clinical activity. The biopsy 
was carried out using a 4 mm punch. The sample was fixed 
in 4% paraformaldehyde, diluted in PBS, and transported 
to the histology laboratory of the Faculty of Medicine. The 
sample was washed in the same buffer, dehydrated in solution 
with increasing ethanol concentration, clarified in xylene and 
included in paraffin.

Histopathological analysis

Subsequently, the samples were sectioned (3 μm) using 
the HIRAX M60 microtome (Carl Zeiss, Germany). The 
sections were then placed on histological slides and, after 
deparaffinization and rehydration, stained with hematoxylin-
eosin with differentiation for histopathological analysis. The 
histopathological classification of the lesion types was done 
by two independent researchers and is in agreement with the 
types described by Magalhães and collaborators26: exudative 
cellular reaction (ECR); exudative necrotic reaction (ENR); 
exudative necrotic-granulomatous reaction (ENGR); exudative 
granulomatous reaction (EGR); exudative tuberculoid reaction 
(ETR).

Quantification of endogenous ANXA1 protein  
expression and identification of cellular markers by the 

immunofluorescence technique

For the detection of endogenous ANXA1 and macrophages 
subtypes, 3 μm sections were prepared on slides with biological 
adhesive (BIOBOND) (British Biocell International, Cardiff, 
UK) and subsequently incubated with the following reagents 
at room temperature27: (a) incubated in a water bath at 70 °C 
in 0.21% sodium citrate solution for 1 h; (b) blocked with 3% 
hydrogen peroxide in 70% methanol for 1 h; (c) permeabilized 
by incubation with 0.4% Tween 20 in PBS for 15 min; (d) 

TABLE 1: Laboratory data of patients with cutaneous leishmaniasis.

Variables analyzed Quantity Percentage

Scraping blade

Positive 35 70%

Negative 13 26%

Inconclusive 2 4%

Printing plate

Positive 24 48%

Negative 20 40%

Inconclusive 6 12%

Aspirant blade

Positive 23 46%

Negative 23 46%

Inconclusive 4 8%

Fragment Culture

Positive 15 30%

Negative 11 22%

Inconclusive 24 48%

Culture of aspirate

Positive 11 22%

Negative 9 18%

Inconclusive 30 60%

PCR

Positive 50 100%
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FIGURE 1: Determination of the Leishmania species by PCR-RFLP technique. Reference 
standard of the Leishmania species after the digestion of the products with the enzyme Hae III. Lg: 
Leishmania guyanensis Lb: Leishmania braziliensis; La: Leishmania amazonensis; Ll: Leishmania 
lainsoni; Ln: Leishmania naiffi; Ls: Leishmania shawi. Samples of patients with cutaneous 
leishmaniasis (1-4).

blocked with 5% bovine serum albumin (BSA), diluted in 
PBS for 1 h; (e) incubated with the primary antibodies for 18 
h at 4 °C in a humid chamber. For detection of ANXA1, the 
following antibodies were used: rabbit anti-ANXA1 (Invitrogen, 
USA;1:200 in PBS/1% BSA) to detect the macrophage CD163 
marker; mouse anti-CD163 (Cell Marque, USA, clone EP152, 
1:200); to identify M1 macrophages mouse anti-MHC II was 
used (sc-59318; Santa Cruz Biotechnology Inc., Santa Cruz, 
CA, 1:100); to identify M2 macrophages, mouse anti-CD206 
(R & D Systems, clone 309210, 1:50) was used. To identify 
primary antibodies, the following secondary antibodies were 
used: ALEXA FLUOR 488 fluorochrome conjugated goat anti-
rabbit IgG (Invitrogen, USA, 1:200 in PBS/1% BSA), goat anti-
mouse IgG conjugated with fluorochrome ALEXA FLUOR 555 
(Invitrogen, USA, 1:200 in PBS/1% BSA), goat anti-mouse IgG 
conjugated to fluorochrome ALEXA FLUOR 647 (ABCAM, 
USA, 1:50 in PBS/1% BSA), and DAPI (4',6-diamidino-2-
phenylindole) nuclear marker (Invitrogen™, USA) for 1 h at 
room temperature and in a darkroom; and (g) washed with PBS 
and mounted in citifluor (DAKO, USA). As a negative control, 
we used 1% BSA instead of the primary antibody.

Immunolabelled macrophages M1 and M2 were identified and 
quantified on the AxioScope A1 microscope (Carl Zeiss, GR) with 
the Axiovision Software (Carl Zeiss, GR). M1 macrophages were 
stained with CD163+/MHC II+ and M2 with CD163+/CD206+. 
Also, the DAPI stain was used to analyzed nucleus morphology. 
Macrophages number was expressed as mean ± standard deviation 
(SD) per mm2 of skin tissue of CL patients. The same area was 
analyzed for both M1 and M2 macrophages. M2 has higher levels 
of CD206 and has a suppressed expression of MHC II, and the 
M1 has the opposite characteristics28. 

ANXA1 protein expression was analyzed and quantified by 
average optical density with the aid of the same Software. To 
perform this measurement, several points of the cytoplasm of 
the macrophages were evaluated. This quantification was done 
according to the light spectrum [value arbitrarily assigned, 

ranging from 0 to 255 arbitrary units (a.u)]. ANXA1 values 
per macrophages were expressed as mean ± standard deviation 
(SD) in the lesion of CL patients.

Statistical analysis

For all analyses performed, the data obtained were expressed 
as mean ± SD. The results obtained were statistically compared 
with the aid of the software GraphPad Prism 5 (La Jolla, CA, 
USA) through an analysis of variance (one-way ANOVA) 
with Bonferroni post-test. It was also analyzed the normality 
(Kolmogorov-Smirnov test) and homogeneity (Levene test) of 
the data. The significance level was set at 0.05.

RESULTS

Histopathological data and analysis of the profile of 
macrophages subtypes and the mechanism of action of ANXA1

Patients’ lesions were histopathologically classified by 
lesion type in ECR (76%), ENR (6%), EGR (14%) and ENGR 
(4%) (Figure 2).

In the immunofluorescence analysis was assessed the 
presence of the M1 subtype macrophages (CD163+/MHC II+)  
(Figure 3A-D) and the M2 subtype (CD163+/CD206+)  
(Figure 3E-H) and quantified expression of ANXA1 protein 
in these cells.

It was observed that patients with ENR lesions have a higher 
number of M1 macrophages when compared to that of other 
lesion types. M2 macrophages were more numerous in patients 
with ECR lesion when compared to other lesion types (Table 2).

Evaluating the expression of ANXA1 in macrophages 
M1 (Figure 3A-D), an increase of this protein expression 
was observed in the cells of patients with ECR type lesion. In 
contrast, the EGR type lesions presented a lower expression 
(Table 2).

In M2 type macrophages (Figure 3E-H), an increase in the 
expression of ANXA1 in the ECR lesion type was observed. 

Silva JM et al. - Macrophages in cutaneous leishmaniasis
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FIGURE 2: Histopathological characteristics of lesions present in cutaneous leishmaniasis. ECR shows leukocyte infiltration (curved arrow). EGR shows 
the presence of a granuloma (arrow). ENR shows leukocyte infiltration and necrosis (arrowheads). ENGR shows the presence of a granuloma (arrow). ENR 
shows necrosis (arrowheads) and the presence of a granuloma (arrow). Stain: Hematoxylin and eosin stain (HE). Bar = 50 μm.

FIGURE 3: Immunofluorescence analysis for ANXA1 in the skin of patients with leishmaniasis evidencing macrophages type M1 and M2. (A and F) Merge 
images, (B and G) DAPI, (C and H) ANXA1, (D and I) CD163, (E) CD206 (J) MHC II. Bar = 10 μm.

Rev Soc Bras Med Trop | on line | Vol.:52:e20190361, 2019
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The other lesion types results did not show statistical differences 
(Table 2).

DISCUSSION

The inflammatory response triggered during cutaneous 
leishmaniasis (CL) is dependent on the release of specific 
mediators, which leads to a pattern of specific immune 
response29,30. Macrophages play an important role in the initial 
response against Leishmania infection, and its activation profile 
is decisive for the resolution or non-resolution of the infection. In 
this inflammatory scenario, several mediators act to maintain the 
homeostasis of infected tissue, and among these mediators, 
the ANXA1 protein is an especially important one because of 
its high regulatory capacity. In this study, we emphasize the 
importance of a better understanding of the ANXA1 action 
and the profile of macrophages involved in leishmaniasis, to 
contribute to a better understanding of this disease and to the 
elaboration of therapeutic alternatives for the patients.

The histopathological analysis showed that most of the 
patients had ECR lesions, possibly because they were recent 
lesions with 1 to 4 months of evolution. This result is observed 
when there is a rapid diagnosis and consequent treatment of the 
disease, and the University Hospital Júlio Muller is a reference 
to treat leishmaniasis in the state of Mato Grosso, Brazil. For 
this reason, patients with leishmaniasis who seek early care do 
not present chronic lesions, which would exhibit characteristics 
such as EGR, ENR or ENGR.

We further evaluated the presence of macrophages subtypes 
in histopathological lesions. Macrophages are crucial cellular 
elements in Leishmania infection as they can host parasites for 
long periods, act as antigen-presenting cells, secrete molecules 

that induce an inflammatory response, and act to eliminate 
parasites through the production of toxic oxygen derivatives and 
NO31. In agreement with the data of Silva and collaborators22, 
this work shows that there is ANXA1 expression in the skin 
macrophages of patients infected by L. brasiliensis.

In the immunofluorescence analyzes, a ratio of 1:2 
for M1:M2 macrophages could be observed in the ECR lesions. 
Macrophages polarized in M2 act by an alternative pathway that 
may cause less tissue damage compared to the classical pathway, 
which acts primarily through the release of ROS32. Concerning 
the histopathological patterns present in ECR lesions, it is the 
first standard reaction to the presence of the parasite in the 
tissue29. In these lesions, the predominance of M2 macrophages 
could lead to an effective action of the immune system to destroy 
the parasite without causing great damage to the tissue. 

The ENR lesions, characterized by the presence of tissue 
necrosis, showed an increase in the ratio of 2:1 of M1 to M2 
macrophages. In this histopathological condition, the presence 
of M1 macrophages could be more effective for destruction from 
both the necrotic cells and the parasite, as widely described in 
the literature33-35. 

As one of the regulatory mediators of macrophages, we 
evaluated the expression of the ANXA1 in M1 and M2 cells. 
This work demonstrated increased levels of ANXA1 in the ECR 
type lesions in both M1 and M2 macrophages. It is interesting 
to note that this protein, besides functioning as an immune 
regulating agent, also acts as an inducer of phagocytosis. Yona et 
al.36 have demonstrated in their experiments that the absence of 
ANXA1 in macrophages from transgenic animals is functionally 
related to a reduced rate of phagocytosis. Therefore, the high 
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TABLE 2: Mean number of macrophages and expression of ANXA1 in types M1 and M2 in skin lesions of patients with leishmaniasis.

Type of 
injury Macrophage M1 Macrophage M2 Macrophage M1 Macrophage M2

Cell number (cells/ mm2) ANXA1 expression (a.u.)

ECR 32.6 ± 1.9# 42.0 ± 3.4 136.3±2.6 128.8±2.6

EGR 25.5± 2.7*** 24.6 ± 2.8* 108.0±2.3*** ## +++ 105.6±2***

ENR 45.1 ± 2.8 24.4 ± 2.0++ 121.6±3.2*** 113.9±2.8***

ENGR 25.5 ± 3.2+++ 27.3 ± 4.4+ 124.7±2.4*** 114,3±2.1***

# P < 0,05 ENR vs. ECR * P < 0,05 ECR vs. EGR *** P< 0,001 vs. ECR ***P < 0,001 vs. ECR

*** P < 0,001 ENR vs. EGR ++ P < 0,01 ECR vs. ENR  ## P< 0,05 ENR vs. EGR   

 +++P < 0,001 ENR vs. ENGR + P < 0,05 ECR vs. ENGR +++ P < 0,001 ENGR vs. EGR

Number assuming mean and SD.
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expression of ANXA1 in M1 and M2 macrophages in ECR 
type lesions suggests a high phagocytic activity of these cells.

On the contrary, it was noted that the expression of this 
protein is lower in EGR lesions, which are characterized by the 
presence of granulomatous reaction29. In this type of reaction, 
the rate of phagocytosis would be reduced, and the release of 
cytokines increased, thus justifying the lower amount of ANXA1 
in this type of lesion in both M1 and M2 macrophages. 

In conclusion, we observed that polarization of the M2 
macrophages in ECR lesions and M1 type in ENR are crucial 
for the organism defense against infection by Leishmania. In 
addition, ANXA1 presence in both M1 and M2 macrophages 
in ECR type lesions suggests the participation of this protein 
in the initial phagocytosis process of Leishmania. The reduced 
expression of ANXA1 in macrophages M1 and M2 in lesions 
of the EGR type suggests activation of macrophages to produce 
pro-inflammatory factors in this type of lesion.
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