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Lima, Campos, Moraes, Ferreira, Matta,
Laurenti, Corbett, Silveira and Gomes. This is
an open-access article distributed under the
terms of the Creative Commons Attribution
License (CC BY). The use, distribution or
reproduction in other forums is permitted,
provided the original author(s) and the
copyright owner(s) are credited and that
the original publication in this journal is
cited, in accordance with accepted
academic practice. No use, distribution or
reproduction is permitted which does not
comply with these terms.

TYPE Original Research

PUBLISHED 10 February 2023

DOI 10.3389/fitd.2023.1067595
In situ expression of Th17
immunologic mediators in
American cutaneous
leishmaniasis caused by
Leishmania (V.) braziliensis and
Leishmania (L.) amazonensis in
the Brazilian Amazon
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American cutaneous leishmaniasis (ACL) presents a wide spectrum of clinical and

immunopathological manifestations. In Brazil, Leishmania (L.) amazonensis[La] and

Leishmania(V.)braziliensis[Lb] show the highest pathogenic potential for humans

causing different clinical forms: localized cutaneous leishmaniasis (LCL : Lb/La),

anergic diffuse cutaneous leishmaniasis (ADCL : La) and mucocutaneous

leishmaniasis (MCL : Lb). ADCL and MCL are the most severe forms and

infection leads to a cellular immune response at the hyposensitivity and

hypersensitivity poles. Th17-cells are involved in the ACL pathogenesis, are

derived from naïve TCD4+ cells regulated by RORgt, differentiate in presence of

IL-6, TGF-b, IL- 1b, IL-23 and express IL-17. Aim of this study was to characterize

the cellular immune response mediated by Th17-profile cells through in situ

determination of the expression of RORgt, IL-17, IL-6, TGF-b, IL-1b, and IL-23 in

the ACL clinical-immunopathological spectrum caused by L.(L.)amazonensis and

L.(V.)braziliensis. Biopsies of skin and mucosal lesions from forty patients including

ADCL(n=8), LCL[La](n=17), LCL[Lb](n=9) and MCL(n=6), were examined by

immunohistochemistry. The immunostained cells density (cells/mm2) was

determined in image analysis system using AxionVision 4.8 software (Zeiss). As

the disease evolution time (DET) was different among ACL patients, the effect of

DET on the expression of immunological markers was evaluated in different clinical

forms and histopathological changes, using ANCOVA. Our results showed

significantly increased expression of RORgt, IL-17, IL-6, IL-1b and IL-23 in

patients with ACL polar forms (ADCL and MCL); higher TGF-b expression was
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found in ADCL. DET influenced the expression of RORgt and IL-6 in: clinical forms

of ACL and in categories of parasitism. DET also affected the production of RORgt,
IL-17, IL-6, TGF-b and IL-1b in types of inflammatory infiltrate, evidencing that DET

had effect on the expression of Th17 profile cytokines in ACL. Together, the

expression of immunological mediators of Th17 profile in the ACL spectrum, as

well as the DET effect, demonstrate the participation of this cell lineage in the

immunopathogenesis of ACL, mainly in the polar and more severe forms of ACL

spectrum. The dubious role played by Th17-cells may favors immune response

suppression and parasitic persistence in ADCL, while in MCL it contributes to an

exacerbated immune response and parasite scarcity.
KEYWORDS

American cutaneous leishmaniasis, leishmania(L.)amazonensis, leishmania (V.)
braziliensis, cellular immunity, Th17-cells, immunohistochemistry
Introduction

American cutaneous leishmaniasis (ACL) is a noncontagious

protozoan disease that has a broad clinical and immunopathological

spectrum and is caused by parasites of the subfamily Leishmaniinae (1). It

is present in 18 America’s countries, with an average of 55,317 new cases/

year (2). Seven species that cause ACL are recognized in Brazil: six of the

subgenus Viannia and one of the subgenus Leishmania. The two species

of greatest medical interest are Leishmania (V.) braziliensis and

Leishmania (L) amazonensis (3–5). ACL may have a broad spectrum

of clinical and immunological manifestations, depending on the

immunological profile of the host and the species of the parasite. The

mildest ACL is localized cutaneous leishmaniasis (LCL), caused by L. (L.)

amazonensis and L. (V.) braziliensis, characterized by a well-balanced

cellular immune response profile, with moderate hypersensitivity

(positive Montenegro Intradermal Reaction/MIR+). It may also present

mucosal cutaneous leishmaniasis (MCL) in the hyperreactive cellular

immune pole, with strong hypersensitivity (MIR++++) and many

lymphocytes (mainly CD4+), dense and diffuse infiltrate and mucosal

tissue necrosis (4, 5), as well as a high expression of proinflammatory

mediators of the Th1 profile, such as tumour necrosis factor (TNF)-a
and interferon (IFN)-g (4, 5). On the other hand, it can present as the

hyporeactive form called anergic diffuse cutaneous leishmaniasis

(ADCL), with weak or absent hypersensitivity, characterized by an

infiltrate of intensely parasitized vacuolated macrophages, and discrete

lymphoplasmacytic infiltrate, whose clinical presentation is nodular skin

lesions rich in amastigote forms of the parasite disseminated over the

entire body, characterized by the predominance of the Th2-type cellular

immune response, with high production of mediators such as interleukin

(IL)-10 and transforming growth factor (TGF)-b (4, 6, 7).

Depending on the cytokines present in the inflammatory

microenvironment, naïve TCD4+ cells can be activated via major

histocompatibility complex type II and differentiate into subpopulations

of effector cells. In addition to Th1 and Th2 lymphocytes, other cell

groups have been described as being involved in the pathogenesis of ACL,

such as Th17 cells and regulatory T (Treg) cells (8–10).

Th17 cells are derived from naïve TCD4+ cells that express the

transcription factor retinoic acid receptor–related orphan receptor
02
(ROR)gt (a nuclear gamma receptor associated with retinoic acid).

Their classic differentiation is stimulated by IL-6, TGF-b and IL-1b
and they express IL-17 and IL-22 (11). RORgt is an isoform of

RORgbelonging to the retinoic acid receptor–related orphan nuclear

receptor family, which includes RORa and RORg) (12–14). This

factor is expressed in immune response cells, such as thymocytes and

Th17 cells. The expression of these receptors is stimulated by the

activation of the (signal transducer and activator of transcription

(STAT)3 protein in the presence of IL-6 and TGF-b, leading to the

differentiation of classic Th17 cells, which can produce IL-10 and

have regulatory characteristics (15). IL-6 and TGF-b induce naïve

CD4+ T cells to produce IL-21, which helps maintain differentiation

in an autocrine manner, stimulating the production of IL-1 and IL-23

receptors (IL-1R1 and IL-23R, respectively). In the absence of TGF-b,
the alternative Th17 cells which can produce proinflammatory

molecules such as IFN-g, may expand (15–17).

Finally, IL-23 and IL-1b are associated with the maintenance and

expansion of Th17 cells. Once expressed, RORgt and RORa induce

the differentiation of Th17 cells and the expression of cytokines such

as IL-17 and IL-22 by these cells. Thus, the differentiation and

maintenance of cells of this profile are intrinsically linked to the

expression of ROR transcription factors (12, 13).

Th17 cells act in the production of proinflammatory cytokines

and in the cellular recruitment of leukocytes and neutrophils by the

expression of IL-17, which induces the production of other

proinflammatory cytokines, such as IL-6 and TNF-a (11, 18).

In the presence of TGF-b, IL-6, IL-1b and IL-23 occur the “classic”

Th17 cells differentiation, as mentioned above, that can be associated

with a regulatory role and suppression of the host response. Nevertheless,

Th17 cells can develop in the absence of TGF-b, but in the presence of IL-
1b and IL-23, the differentiation of “alternative” Th17 cells, wich are

associated with the production of IFN-g and elimination of parasites and

are more pathogenic than “classic” cells (11, 15, 17).

The expression cytokine profiles including IL-17 may be strongly

influenced by the infecting species, along with other factors. Flow

cytometry analysis of serum samples from 33 patients from the state

of Amazonas, Brazil, infected with different species of the subgenera

Viannia and Leishmania showed different levels of IL-2, TNF-a,
frontiersin.org

https://doi.org/10.3389/fitd.2023.1067595
https://www.frontiersin.org/journals/tropical-diseases
https://www.frontiersin.org


Rodrigues et al. 10.3389/fitd.2023.1067595
IFN-g, IL-4, IL-6, IL-10 and IL-17, and IL-17 had higher levels in the

sera of patients with ACL caused by L. (V.) guyanensis than in

samples from patients infected with L. (L.) amazonensis (19).

Bacellar et al. (20) stimulated peripheral blood mononuclear cell of

patients diagnosed with LCL and MCL caused by L. (V) braziliensis.

When analyzing the expression of cytokines such as IL-17, IFN-g, and
TNF-a, they found high concentrations of IL-17 in patients with

different clinical forms of ACL compared to the concentration in the

control group and a positive correlation between IL-17 and TNF-a in

the MCL clinical form, suggesting that IL-17 may contribute to tissue

damage and disease severity. Martins et al. (2020) stimulated in vitro

macrophages from C57BL/6 mice with IL-17 and then infected them

with L. major promastigotes. The results showed that IL-17 favors

parasite survival in host cells and it was associated with the

development of lesions (21). By stimulating macrophages with IL-

17 and infecting them with L. (L.) amazonensis, Sousa et al. (2014)

demonstrated that this cytokine led to an increase in arginase activity

and parasite load (22). These data corroborate studies that showed

that IL-17 may induce polarization of type M2 macrophages, which

have immunoregulatory and tissue repair functions, as described by

Shen et al. (2018), who demonstrated that IL-17 induces the

differentiation of these cells by the activation of nuclear factor

kappa B (NF-kB) (23).
Understanding the pathogenesis of ACL, especially with regard to

the development of these different clinical forms, represents a major

challenge to better understanding this protozoan disease due to the

complex interaction between the various Leishmania species that

cause the disease and immune response.

Given the above and the need for a better understanding of the

participation of Th17 profile cells in the immunopathogenesis of the

ACL, the present study aimed to characterize the cellular immune

response mediated by Th17-profile cells by determining in situ

expression of immunological mediators involved in the

differentiation and maintenance of these cells, thus demonstrating

the participation of this cell group in the clinical and

immunopathological spectrum of ACL.

Our findings showed the participation of Th17 cells response

especially in the polar and more severe forms of the ACL caused by L.

(L.) amazonensis and L. (V.) braziliensis. The dubious role played by

Th17-cells possibly favors an immune response suppression and

parasitic persistence in ADCL; while in MCL it contributes to an

exacerbated immune response and parasite scarcity.
Materials and methods

Patients

Biopsies of active lesions were taken from forty patients with

different clinical forms of ACL; including eight with ADCL [L. (L.)

amazonensis]; 17 with LCL [L. (L.) amazonensis]; nine with LCL [L.

(V.) braziliensis]; and six with MCL [L. (V.) braziliensis], seen at the

Evandro Chagas Institute Outpatient Clinic (Leishmaniasis

Laboratory “Prof. Dr. Ralph Lainson”) in Pará state, Brazil.

Patients who agreed to participate in the study filled out a clinical-

epidemiological form, with data regarding age, sex, race/ethnicity,

probable site of infection and time of disease evolution. Patients were
Frontiers in Tropical Diseases 03
diagnosed for ACL through the Montenegro intradermal reaction,

visualization of amastigotes in lesion smears and polymerase chain

reaction for detection and identification of parasite species. To

molecular identification of Leishmania species was permormed by

PCR-RFLP having as target the coding sequences for the heat shock

protein of 70kD (hsp70) as described by Graça et al., 2012 (24).

All patients with a confirmed diagnosis of ACL received specific

treatment. Skin samples were also collected from six uninfected

individuals as controls, obtained in Laboratory of Microsurgery and

Plastic Surgery (LIM-04), Division of Plastic Surgery, Faculty of

Medicine of the University of São Paulo (FMUSP).
Histopathological analysis

A slide with histological sections of skin fragments from each

patient affected with ACL was processed and stained with

haematoxylin–eosin. The slides were observed under an Axioskop 2

Plus Zeiss optical microscope, and a descriptive histopathological

analysis of histological changes in the epidermis and dermis

was performed.
Immunohistochemistry

In order to analyze the cellular immune response in lesions of

patients in the four clinical forms of ACL, an immunohistochemical

reaction by immunoperoxidase was performed in the Laboratory of

Pathology of Infectious Diseases (LIM - 50 - HCFMUSP). Antibody

reactions were performed against rettinoid-acid-receptor-related

orphan nuclear receptor gamma t (RORgt), interleukin-17 (IL-17),

interleukin-6 (IL-6), transforming growth factor-b (TGF-b),
interleukin-1b (IL-1b), and interleukin-23 (IL-23). The

immunohistochemical reaction was performed as follows: The

slides with the sections were placed in a xylene bath at room

temperature for 15 minutes for deparaffinization. Hydration was

performed in alcohol baths with decreasing concentration.

Endogenous peroxidase was blocked using a hydrogen peroxide

solution (3%), and antigenic recovery was performed using 10 mM

pH 6 citrate buffer in a water bath for IL-6, IL-23, and IL- 1b; 10 mM

pH 6 citrate in a pressure cookerfor RORgt; 1 mM pH 8 EDTA buffer

in a water bath for IL-17; and Tris-EDTAfor TGF-b. After recovery,
nonspecific sites were blocked using 6% Molico® skim milk with 10%

foetal bovine serum. After these steps, the primary antibodies

previously diluted in bovine serum albumin were added to the

tissue samples: anti-RORgt (polyclonal, ab78007) diluited 1:250,

anti-IL-17 (polyclonal, SC-7927) diluited 1:200, anti-IL-6

(monoclonal SC-130326) diluited 1:200, anti-TGF-b (polyclonal

SC-146) diluted 1:100, anti-IL-1b (polyclonal, ab2105) diluited

1:800, and anti-IL-23 (monoclonal C-3, SC-271279) diluited 1:500.

The sections were incubated in a humid chamber overnight at 4°C.

The following day, the amplification and development system

NOVOLINK ™ polymer detection systems kit (RE7280-K, Leica

Biosystems, Newcastle, UK) was used for all markers, and the slides

were incubated with the secondary antibody and polymer. To reveal

the reaction, the chromogenic substrate diaminobenzidine with

hydrogen peroxide (K3468, Dako Cytomation) was added for 5
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minutes. Next, the samples were counterstained with Harris

haematoxylin, or eosin in the case of RORgt. The slides were

dehydrated in serial baths with increasing concentrations of alcohol

and xylene and mounted with coverslips and synthetic resin.
Quantitative morphometric analysis of
immunolabelled cells

The evaluation of the immune response was based on the

quantitative morphometric analysis of immunostained cells in the

immunohistochemical reaction. The material processed in the

immunohistochemistry reaction was analysed in an image analysis

system composed of an Axioskop 2 Plus Zeiss optical microscope at

400× magnification coupled to a microcomputer containing

AxioVision 4.8 software. Eight to ten fields of each histological

section were photographed. The immunolabelled cells were

quantified using ImageJ software. To determine the density of

immunostained cells, the mean count of 10 fields divided by the

area of the photo (0.03536412 mm 2) was used.
Data analysis

The results of the immunohistochemical evaluations were stored

in a Microsoft Access database and were analysed using Prism 5

software (GraphPad Software, San Diego, CA, USA). The results were

subjected to statistical analysis and are presented as measures of

central tendency (mean) and dispersion (standard deviation,

maximum and minimum values) and was transformed into z-score

and subjected to the Kolmogorov-Sminorv normality test. Parametric

tests were used to calculate differences between quantitative results

when the variables had a normal distribution. For those that did not

show normal distribution, z-scores were calculated. The significance

level adopted for the tests was p ≤ 0.05. To effect of disease evolution

time (DET – considered at the time of the first signs/symptoms

referred by the patients in the first medical care) on the expression

and production of immunological markers in the different clinical

forms of ACL, analysis of covariance (ANCOVA) was run in SPSS

software, adopting as a dependent variable the production of the

immunological markers of the Th17 profile in the different clinical

forms and, as a covariable, the time of disease progression,

considering the densities of immunostained cells per photographed

field previously transformed into z scores and subjected to the

Kolmogorov−Smirnov normality tests. The mean densities of

immunolabelled cells transformed into z scores are presented in the

error bar graph, which shows the 95% confidence intervals (CI).

From the covariation analysis, the effect size of disease

progression time was given in partial eta squared (h2), whose size

ranges from 0 to 1, in which effects greater than or equal to 0.3 are

considered of reasoned magnitude. Due to the rarity of cases of ADCL

[L.(L.) amazonensis] and MCL [L. (V.) braziliensis], all h values with

p = 0.000 were considered impacting.

Finally, the post hoc Bonferroni test was run after each ANCOVA to

determine which clinical forms showed statistically significant differences

in the densities of cells that expressed the immunological markers of the

Th17 profile.
Frontiers in Tropical Diseases 04
Results

Histopathology

The histopathological analysis of the lesion of ADCL patients due

to [La] showed an intense mononuclear inflammatory infiltrate in the

dermis, consisting basically of vacuolated macrophages, with many

forms suggestive of Leishmania sp. amastigotes, rare lymphocytes,

and plasma cells (Figure 1A). In patients with LCL [La], a discrete to

moderate mononuclear inflammatory infiltrate was observed in the

dermis, predominantly macrophages, with vacuolated macrophages

and moderate parasitism, and in rare cases an outline of granuloma

was observed (Figure 1B). On the other hand, in the histopathological

analysis of the lesions of patients with clinical forms caused by L. (V.)

braziliensis, a localized cutaneous form of lymphoplasmacytic

inflammatory infiltrate rich in plasmocytes and containing

lymphocytes and macrophages in variable numbers was observed.

Low parasitism was detected (Figure 1C). A granulomatous outline or

well-formed epithelioid granulomas were also observed, often with

the presence of giant cells. Epidermal thickening and irregular

acanthosis were detected in the epidermis. In patients with MCL,

histopathology was characterized by an intense diffuse

lymphoplasmacytic infiltrate containing rare macrophages and few

parasites. A granulomatous outline or well-formed epithelioid

granuloma was identified in most cases (Figure 1D).
Immunopathological analysis of lesions

All analyzed cases of the ACL spectrum showed immunostained

cells for the six antibodies. The comparative analysis of the densities

of immunostained cells (cells/mm2) for the different markers showed

significantly higher proportions of RORgt+, IL-17+, IL- 6+, IL-1b+,
and IL-23+ cells in the lesions of patients with the polar forms, as well

as a higher frequency of TGF-b+ cells in ADCL (p ≤ 0.05). Analyses

were also performed on histological sections of healthy skin (control)

for each immunological marker, all of which had significantly lower

mean density values than ACL tissues (Table 1, Figure 2).

As seen in the graphs of Figure 2, the expression of the

immunological markers of the Th17 profile varied across the ACL

spectrum. The immunostaining of the histological sections is shown

in Figure 3.
Analysis of the effect of disease evolution
time on immunological mediators of
histopathological changes

Considering that the disease evolution time (DET) was very

different in the polar forms (ADCL: 12 – 420 months and MCL:1-

120 months) compared to the central forms of the spectrum: LCL

[La]:1-9 months and LCL[Lb]: 2-18 months (Supplementary Material

- Table S1), it was necessary to verify whether this factor was a

possible confounding variable when evaluating differences in the

expression of cytokines in the ACL spectrum and the correlation

between these cytokines. For this purpose, ANCOVA was used to
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TABLE 1 Mean densities of RORgt+, IL-17+, IL-6+, TGF-b+, IL-1b+, and IL-23+ cells in the different clinical forms of the American cutaneous leishmaniasis
spectrum and in skin samples without lesions.

Expression of immunological markers of the Th17 profile in the different clinical forms of ATL

Immunological
marker

ADCL [La]
(n=8)

LCL [La]
(n=16)

LCL [Lb]
(n=10)

MCL [Lb]
(n=6)

Control
(n=6)

RORgt 908.02±36.85 610.55±29.74 628.13±26.69 802.76±29.34 1.13±1.06

IL-17 611.09±24.40 431.86±17.63 494.38±8.61 700.98±32.34 12.59±3.23

IL-6 418.51±35.22 260.66±16.17 300.22±15.18 466.54±32.16 5.42±2.24

TGF-b 806.22±22.59 358.23±19.25 317.97±18.65 234.45±20.10 2.26±1.53

IL-1b 1135.35±60.93 565.11±19.91 528.68±21.21 1290.51±87.68 2.26±1.53

IL-23 846.22±12.41 404.28±21.53 361.50±28.21 599.31±50.38 2.26±1.53
F
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ADCL, anergic diffuse cutaneous leishmaniasis caused by L. (L.) amazonensis; LCL [La], localized cutaneous leishmaniasis caused by L. (L.) amazonensis; LCL [Lb], localized cutaneous leishmaniasis
caused by L. (V.) braziliensis; MCL, mucocutaneousleishmaniasis caused by L. (V.) braziliensis; Control, healthy individual; n, number of patients per clinical form.
A B

DC

FIGURE 1

Histological section of the lesions of patients with diferente clinical forms of Cutaneous Leishmaniasis caused by L. (L.) amazonensis and L. (V.)
braziliensis, showing the histopathological changes of the dermal lesion. (A) ADCL [La]: Anergic diffuse cutaneous leishmaniasis caused by L. (L.)
amazonensis, showing an Intense mononuclear inflammatory infiltrate predominantly of vacuolated macrophages and with parasites inside. (B) LCL [La]:
Localized Cutaneous Leishmaniasis caused by L. (L.) amazonensis, showing a moderate mononuclear infiltrate, formed predominantly by parasitized
macrophages and lymphocytes. (C) LCL [Lb]: Localized Cutaneous Leishmaniasis caused by L. (V.) braziliensis, showing intense inflammatory infiltrate
with plasma cells, lymphocytes and macrophages, and presence of granuloma containing giant cell. parasitic scarcity. (D) MCL [Lb]: Mucocutaneous
Leishmaniasis caused by L. (V.) braziliensis, demonstrate intense lymphoplasmacytic inflammatory infiltrate and parasitic scarcity. P-parasite; cg- giant cell
(stained by Hematoxilin-Eosin, 200x).
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assess whether the clinical form of ACL alone influenced the

express ion of immunologica l markers when i t was a

covariate for DET and the effect of DET on the expression of

immunological markers.

In ANCOVA, the density of immunostained cells per field

photographed per patient was adopted as the unit of analysis. In

total, 302 photographed fields were used: 62 from ADCL, 119 from

LCL [La], 82 from LCL [Lb], and 39 from MCL. The mean densities

transformed into z scores are listed in Table 2 and are presented as

error bar graphs with 95% CIs (Figure 4).

The statistically significant difference observed in the expression

of the immunological markers of the Th17 profile between some

clinical forms, from the analysis of the error bar graph (95% CI) in

Figure 4, showed a profile similar to that observed in the mean cell

density table of immunostaining in the ACL spectrum, confirming a

higher expression of the immune mediators of the Th17 profile in the

polar and more severe forms of this endemic disease (Table 1). Next,
Frontiers in Tropical Diseases 06
the sample values of positive cell densities (n = 302) for the different

immunological markers of the Th17 profile (six markers) in the four

clinical forms of ACL were subjected to ANCOVA to evaluate the

differences between the covariate clinical forms with different DETs.

The size of the effect of the covariate “time of disease progression” was

given in partial h2, and the clinical forms were compared by adopting,

randomly, the measurements obtained for the MCL form as

a parameter.

The results obtained in ANCOVA were subjected to the post hoc

Bonferroni test, which was used to verify possible statistically

significant differences between the expression of immunological

mediators in the different clinical forms, and it was found that DET

influenced the greater expression of RORgt (h=0.018; p=0.023)
among the clinical forms ADCL and MCL (p=0.690) and in the

expression of IL-6 (h=0.082; p=0.000) among the clinical forms: LCL

[La] and LCL [Lb] (p=1.000); ADCL and MCL (p=0.026).

Nevertheless, in the production of IL-6, the post hoc test did not
A B

D

E F

C

FIGURE 2

Bar graphs showing the average densities of cells that expressed RORgt, IL-17, IL-6, IL-1b, TGF-b and IL-23 (average+standard error) in histological
sections of lesions from patients affected with the different forms clinics of American Cutaneous Leishmaniasis caused by L. (L.) amazonensis and L. (V.)
braziliensis and in skin samples from healthy individual. *=p<0.05; **=p<0.001 and ***=p<0.0001. ADCL [La], Anergic diffuse cutaneous leishmaniasis
caused by L. (L.) amazonensis; LCL [La], Localized Cutaneous Leishmaniasis caused by L. (L.) amazonensis; LCL [Lb], Localized Cutaneous Leishmaniasis
caused by L. (V.) braziliensis; MCL [Lb], Mucocutaneous Leishmaniasis caused by L. (V.) braziliensis.
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show a statistically significant difference between ADCL and LCL

caused by L. (V.) braziliensis (p=1.000), previously observed in the

error bar graph (Figure 4), showing that the previously observed

differences were under the influence of DET (Supplementary Material

- Table S2).

We also found the DET influenced the expression of RORgt
(h=0.145; p=0,000) among the categories of parasitism (confirmed

after the post hoc Bonferroni test): negative and intense (p=1.000);

moderate and intense (p=1.000). The effect of DET are observed on

production of IL-6 (h=0.198; p=0.000) among: negative and intense

(p=0.065); discreet and moderate (p=0.319); moderate and intense

(p=0.102); intense and discreet (p=1.000) (Supplementary Material -

Table S2).

When evaluating the effect of DET on the types of inflammatory

infiltrate, it was found that DET influenced the expression of RORgt
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(h=0.187; p=0.000) between: discreet and moderate (p=0.371);

discreet and intense (1.000). On the production of IL-17, were

found effect of DET among: discreet and moderate (p=1.000);

discreet and intense (p0.397). Were found effect of DET on

production of IL-6 between: discreet and moderate (p0.287);

discreet and intense (p=1.000). Were found too effect of DET on

production of TGF-b between: moderate and intense (p=0.162). Were

found influence of DET on production of IL-1b between discreet and

moderate (p=0.286) Supplementary Material - Table S2).

Thus, according to our data, it is possible to conclude that the

element that generated the differences in the expression of Th17

profile cytokines previously observed among these histopathological

findings is not a peculiar characteristic to each clinical form but the

time of disease progression that interferes with the inflammatory

response pattern.
FIGURE 3

Histological section of the lesions of patients with diferente clinical forms of Cutaneous Leishmaniasis caused by por L. (L.) amazonensis and L. (V.)
braziliensis showing immunostaining of cells: RORgt+ (brown staining in the nucleus); and IL-17+, IL-6+, IL-1b+, TGF-b+ and IL-23+ (brown staining in
the cell cytoplasm) in the clinical forms of ACL. ADCL [La]: Anergic diffuse cutaneous leishmaniasis caused by L. (L.) amazonensis; LCL [La]: Localized
Cutaneous Leishmaniasis caused by L. (L.) amazonensis; LCL [Lb]: Localized Cutaneous Leishmaniasis caused by L. (V.) braziliensis; MCL [Lb]:
Mucocutaneous Leishmaniasis caused by L. (V.) braziliensis (stained by immunohistochemistry, 400x).
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The other differences found from the Bonferroni post hoc test

reproduced the pattern observed in the error bar graph before the

covariation (Figure 4), showing that these differences do not depend

on the DET covariate but on some other peculiar characteristic of the

different clinical forms of ACL spectrum.
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Discussion

In Leishmania infection, in addition to the TCD4+ Th1 and Th2

cell profiles, the participation of other cell types such as Treg and

Th17 cells has also been studied to better understand the role of
FIGURE 4

Error bar graphs showing average z-scores of immunostained cells and the 95% confidence intervals between the production of immunological markers
in the different clinical forms of Cutaneous Leishmaniasis caused by por L. (L.) amazonensis and L. (V.) braziliensis. ADCL [La]: Anergic diffuse cutaneous
leishmaniasis caused by L. (L.) amazonensis; LCL [La]: Localized Cutaneous Leishmaniasis caused by L. (L.) amazonensis; LCL [Lb]: Localized Cutaneous
Leishmaniasis caused by L. (V.) braziliensis; MCL [Lb]: Mucocutaneous Leishmaniasis caused by L. (V.) braziliensis. CI: Confidence interval.
TABLE 2 Descriptive statistics of means (standardized in z-score), standard deviation and sample n (fields photographed and quantified) of cell densities
immunostained with RORgt, IL-17, IL-6, TGF-b, IL-1b, and IL-23, according to clinical forms of the AL spectrum.

Descriptive statistics

Clinical forms/ n amostral Means (z-score) of immunological markers

RORgt IL-17 IL-6 TGF-b IL-1b IL-23

ADCL [La] n=62 1.11±0.84 0.62±0.83 0.62±0.97 1.63±0.68 1.00±0.64 0.62±0.83

LCL [La] n=119 -0.50±0.85 -0.61±0.83 -0.624±0.65 -0.28±0.56 -0.59±0.31 -0.61±0.83

LCL [Lb] n=82 -0.33±0.67 -0.6±0.68 -0.07±0.74 -0.48±0.47 -0.51±0.69 -0.6±0.68

MCL [Lb] n=39 0.46±0.53 1.00±0.93 1.04±0.99 -0.734±0.35 1.28±0.99 1.00±40.93
fro
ADCL [La], anergic diffuse cutaneous leishmaniasis caused by L. (L.) amazonensis; LCL [La], localized cutaneous leishmaniasis caused by L. (L.) amazonensis; LCL [Lb], localized cutaneous
leishmaniasis caused by L. (V.) braziliensis; MCL [Lb], mucocutaneous leishmaniasis caused by L. (V.) braziliensis. n, number of fields photographed with immunostaining per clinical form.
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cytokines in the anti-Leishmania immune response and in the search

for markers of risk/severity of ACL, in addition to the development of

new therapeutic strategies for the disease. Th17 cells (CD4+ IL17+)

are the main source of IL- 17 production in the host and can also

produce IL-21 and IL-22. Previous findings from our group showed a

predominance of cells that expressed IL-17 in situ in the most severe

forms of ACL caused by parasites of the subgenera Viannia and

Leishmania (25–28).

The present study aimed to characterize, in situ, Th17 cells and

their immune mediators and their participation in the cellular

immune response of the different clinical forms of ACL, aiming to

evaluate the involvement of these cells in the immunopathogenesis of

the disease caused by L. (L.) amazonensis and L. (V.) braziliensis. In

this direction, it is important to emphasize that the differentiation of

TCD4+ RORgt+ cells into classic Th17 cells is stimulated in the

presence of IL-6 and TGF-b. Activation of the transcription factor

RORgt stimulates the expression of IL-1 and IL-23 receptors (IL-23R

and IL-1R1, respectively) and IL-21 production. In addition,

cytokines such as IL-23 and IL-1b are involved in the completion

and maintenance of the Th17-cell differentiation process (15, 17, 29).

However, more recent studies have shown that the differentiation of

Th17 cells in the absence of TGF-b, but in the presence of IL- 1b and

IL-23, resulted in the “alternative” Th17 underlying, which is

considered more pathogenic than the classic Th17. These Th17-cell

sub lines have different effector characteristics: while alternative Th17

cells produce IFN-g and are associated with parasite elimination,

classic Th17 cells produce IL-10 and are associated with regulatory

and/or suppression of immune response, probably working in

synergy with TregFoxp3 cells, whose expression is a strong feature

of the ADCL clinical form, thus contributing to the persistence of

infection and anergy (15, 17, 29).

Data obtained by our group (unpublished data) show a

significantly higher in situ expression of IFN-g in lesions of patients

with the polar MCL form when compared to ADCL and LCL forms,

corroborating the participation of this cytokine, along with

“alternative” Th17 cells, in the parasite elimination.

The transcription factor RORgt belongs to the family of orphan

receptors related to retinoic acid and is directly associated with the

differentiation of Th17 cells, acting in the control of the gene

expressions such as IL-17 (12). In the present study, higher mean

densities of cells expressing RORgt and IL-17 were detected in the

polar and severe forms (ADCL and MCL) of ACL caused by L. (L.)

amazonensis and L. (V.) braziliensis.

The expression of cytokines related to the Th17 profile in patients

with MCL caused by L. (V.) braziliensis from the state of Bahia, Brazil,

showed a positive correlation between IL-17 and RORgt mRNA

expression, as well as a positive correlation between RORgt and IL-

23 mRNA expression, as observed by real-time PCR, showing an

association between this transcription factor and cytokines involved

in the differentiation and maintenance of Th17 profile cells (29).

Gonzalez et al. (2020) evaluated the expression of RORgt+ and IL-17+

in lesions of patients infected with L. (V.) panamensis by

immunohistochemistry, finding a positive correlation between these

immunological mediators, showing the participation of Th17 profile

cells in the pathogenesis of ACL caused by parasites of the subgenus

Viannia. Nevertheless, in the same study a negative correlation was

seen between the density of cells that expressed the transcription
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factor RORgt and the presence of amastigotes, suggesting that Th17

cells may contribute to the elimination of parasites; though their

contribution to the maintenance of the inflammatory process should

not be ruled out (27). Concerning to the subgenus Leishmania,

positive correlations between RORgt+ cells and TCD4+

lymphocytes and between TCD4+ and IL- 17+ lymphocytes were

demonstrated in the investigation of the skin biopsies from patients

with atypical cutaneous leishmaniasis caused by L. (L.) infantum

chagasi (26).

Regarding the participation of the other immunological

mediators of the Th17 profile evaluated in the present study, we

found a high production of IL-6 in the polar and severe forms caused

by L. (L.) amazonensis and L. (V.) braziliensis, indicating an

association with disease severity, which was also demonstrated by

other authors who found a correlation between the in situ expression

of IL-6 and Th17 cells in patients infected with L. (L.) infantum

chagasi (28), suggesting that IL-6 may play as a marker of ACL

severity as occurs in visceral leishmaniasis (28, 30).

A significantly higher density of TGF-b+ cells was also observed

in patients with ADCL compared to the other clinical forms, besides

the demonstration of the abundant presence of parasitized vacuolated

macrophages, suggesting that TGF-b inhibits the activation of these

cells and favors an inefficient immune response in these patients,

which would lead to the development of nodular lesions replete of

parasites, typical of ADCL. Some studies suggest that in the presence

of TGF-b, classic Th17 cells are generated, which together with Th2

and TregFoxp3 cells produce regulatory cytokines, such as IL-10, and

may be associated with M2 macrophages that have a regulatory role

and low expression of antigen and arginase, resulting in parasite

survival (15, 31, 32).

IL-17 may contribute to the polarization of M2-type macrophages

by inducing the activation of NF-kB, thus showing a broad role of this
cytokine (23). These data, corroborates finding of our group that a

higher density of M2macrophages in ADCL contributes to explaining

the parasite persistence and severity of infection in this clinical

form (31).

In addition, recent studies of our group found a high expression of

TregFoxp3+ and IL-10+ cells in ADCL form, compared to MCL form,

which may be contributing, along with classic Th17 cells, in

suppressing the effector actions of Th1 cells, leading to the anergy

pole and persistence of the parasite in the lesion (3, 25).

When analyzing the production of IL-1b, our results showed a

significantly higher expression of IL-1b+ cells in patients with the

polar and more severe forms of the clinical spectrum caused by L. (V.)

braziliensis and L. (L.) amazonensis, in consonance with the

expression of this marker in L. (L.) mexicana infection and disease

severity (33, 34).

IL-23 expression was increased in the polar forms (ADCL and

MCL) caused by L. (L.) amazonensis and L. (V.) braziliensis. These

data suggest an important role of this cytokine in the immune

response to ACL, since IL-23 is associated with the maintenance

and expansion of Th17 cells. This cytokine may contribute to the

persistence of inflammation and may be associated with the

chronicity of the disease.

Our findings suggest that the immune response related to the

Th17 profile favors the disease severity. The increased expression of

RORgt, IL-17, IL-6, IL-1b, and IL-23 and the low density of TGF-b+
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cells in the MCL suggest that the “alternative” Th17 cells has a pivotal

role in MCL. It is also worth mentioning that TGF-b showed high

expression in ADCL when compared to LCLs and MCL, which

facilitate intracellular Leishmania replication and parasite

persistence in this ACL polar form, considering their potent down-

regulating effects on macrophages (35).

Studies on the effect of DET in ACL are rare (36), which reinforces

the importance of our results. When analyzing the effect of the DET

covariate on the expression of the immune mediators of the Th17 profile,

we found that DET influenced the expression of RORgt between the

clinical forms ADCL and MCL also IL-6 production among ADCL and

LCL [Lb]; ADCL and MCL; LCL [La] and LCL [Lb]. Thus, DET

represented an important independent variable for the higher

expression of these immune mediators of the Th17 profile in the

different clinical forms of ACL spectrum, exerting a significant

influence in some cases where the disease is severe and more chronic.

In addition, RORgt and IL-6 may represent severity factors similar to

what occurs in visceral leishmaniasis (30), since the higher density of cells

that expressed RORgt and IL-6 under the effect of DET occurred mainly

in the polar forms, MCL and ADCL.

When the dependent variable parasitism was analyzed at different

intensities (negative, discreet, moderate and intense), DET also

influenced on expression of RORgt and IL-6. These findings may be

related to the participation of the “alternative” Th17 cells in the

clinical forms of the hyperreactivity pole, a process caused by the

cellular host response to specific antigens of L. (V.) braziliensis.

Although much remains to be learned about the phenotype, function

and regulation of Th17 cells, their participation in the cellular immune

response in cutaneous lesions of ACL due to L. (L.) amazonensis and L.

(V.) braziliensis seems to begin to clarify. In this way, taken together, our

findings show that Th17-profile cells seem to have significant role in the

immunopathogenesis of ACL caused by L. (L.) amazonensis and L. (V.)

braziliensis, displaying a double role, that is, on the one hand exerting an

anti- inflammatory role through the classic action of Th17 cells and

favoring immune response suppression and parasitic persistence in

ADCL by L. (L.) amazonensis, while on the other hand exerting a

clearly inflammatory role through the “alternative” action of Th17 cells

and contributing to an exacerbated immune response and parasitic

scarcity and tissue damage in MCL by L. (V.) braziliensis.
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SUPPLEMENTARY TABLE 1

Clinical and histopathological data of patients affected with the different forms

of ACL caused by L. (L.) amazonensis and L. (V.) braziliensis. ADCL [La]: anergic
diffuse cutaneous leishmaniasis caused by L. (L.) amazonensis; LCL [La]:

localized cutaneous leishmaniasis caused by L. (L.) amazonensis; LCL [Lb]:
localized cutaneous leishmaniasis caused by L. (V.) braziliensis; MCL [Lb]:

mucocutaneous leishmaniasis caused by L. (V.) braziliensis. MIR: Montenegro
Intradermal Reaction. Parasitism: (-): negative; (+) discreet; (++): moderate; (++

+): intense. DET: Disease Evolution Time (months).
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SUPPLEMENTARY TABLE 2

Analysis of the effect of the variable DET on the different histopathological
findings and production of Th17 profile immunological markers. Main

effects of DET on histopathological findings and production of Th17
profile immunological markers. Clinical forms of ACL: ADCL [La]: Anergic
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diffuse cutaneous leishmaniasis caused by L. (L.) amazonensis; LCL [La]:
Localized cutaneous leishmaniasis caused by L. (L.) amazonensis; LCL [Lb]:

Localized cutaneous leishmaniasis caused by L. (V.) braziliensis; MCL [Lb]:
Mucocutaneous leishmaniasis caused by L. (V.) braziliensis. h= effect size;

p ≤0,05.
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Faculdade De Medicina Da Universidade De São Paulo (2020).
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