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The cytokines of the interleukin (IL) -1 family act in the initiation of an effective immune response in Leishmania
infection, represented mainly by the T helper 1 (Th1l) profile, in addition to being associated with disease
exacerbation and controversial contributions in the Th2 responses. The family also includes members who self-
regulate inflammation, such as antagonists and anti-inflammatory cytokines, most of which have not yet been
studied in Cutaneous Leishmaniasis (CL) in humans. Here we summarize findings about what is known so far

about the role of these cytokines in mice, the main study model, and in humans. We reinforce the importance of
studies of these cytokines as new targets in the context of CL.

1. Introduction

Leishmaniasis is a tropical infectious disease that affects mainly low-
income people. It does not receive necessary investments or attention in
research and development of drugs, so it is considered neglected. This
disease can occur in humans in three general clinical forms: visceral
(VL), cutaneous (CL) and mucocutaneous (MCL), depending on the
species of infectious Leishmania, with CL being the most prevalent
clinical form worldwide [1]. With a distribution in 102 countries, the
cases are mainly concentrated in poor countries in Southeast Asia, East
Africa and Latin America, with around 350 million people at risk [2-4].
The drugs available for the treatment of the disease have several limi-
tations, such as high cost and several side effects [5,6].

CL usually affects the skin and, in some cases, mucosal regions. An
important association has been demonstrated between the immune
response developed by the patient and the course of the infection. The
progression and development of the disease occur due to the intense
inflammatory condition that is generated in response to Leishmania
infection in an attempt to eliminate the parasitic burden [7]. However,
an exacerbated profile of proinflammatory response is not effective in
eliminating parasites and can still leave consequences for the patient,
which are the lesions and characteristic ulcers of the disease [7-9]. In

this context, some studies highlight the cytokines of the interleukin (IL)
-1 family because they act to propagate inflammation and are consid-
ered “triggers” for the expression of other proinflammatory cytokines.
Their study can contribute strongly to a better understanding of the
progress of the pathogenesis of Leishmania infection [10-12].

The IL-1 family includes 11 cytokines that participate in the immune
responses against infections caused by pathogens, mediating the in-
flammatory response [13,14]. A certain heterogeneity in the roles of IL-1
familiy cytokines can be observed, including pro and anti-inflammatory
agonists, as well as natural receptor antagonists that negatively regulate
the inflammatory response [15,16]. Despite this, some stand out, such as
IL-1a and IL-1B, which are the main agonists studied in several auto-
immune and inflammatory contexts, including in CL [14]. In the liter-
ature, it is possible to observe some controversies regarding the role of
some IL-1 cytokines in CL, represented by the dichotomy resistance and
susceptibility to Leishmania. These divergences seem to be influenced,
mainly, by the Leishmania species and the host’s genetic background, as
observed in studies with genetically modified mice. Few studies are
observed in humans, and the extent to which these results can be
extrapolated is something to be understood.
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2. Immune response in CL

The defense mechanism against Leishmania in humans involves
several components of the innate and adaptive immune response, but
these protozoa have developed strategies for escaping and modulating
the immune response that guarantee their survival [17,18]. Much of
what is known about resistance and susceptibility responses to Leish-
mania and disease severity comes from studies with different genetically
modified murine models. They exhibit variations in disease severity and
response to the pathogen, and there is a consensus regarding the char-
acteristics of the developed immunological response in the CL observed
among such models but not with humans. This response is discussed
below, but despite this, it is important to be aware that the wide spec-
trum of clinical manifestations of CL in humans cannot be fully repro-
duced in the experimental model.

The efficiency of the innate immune response strategies performed
by neutrophils depends on the species of infective Leishmania. Some
studies show that leishmanias can survive inside neutrophils by inhib-
iting the formation of phagolysosome. For example, L. major and L.
braziliensis may be resistant to the actions of Neutrophil Extracellular
Traps (NETs) through digestion with endonucleases derived from both
parasites and sandflies [19,20].

The development of subpopulations of T CD4+ lymphocytes can be
directed in four main profiles: Th1l, Th2, Th17 and Treg [14]. They all
lead to different responses such as resistance and susceptibility to
Leishmania and play important roles in the outcome of the disease [19].
The effective response against Leishmania is related to the development
of the auxiliary profile 1 (Th1) and production of proinflammatory cy-
tokines such as IL-12, IL-1, IFN-y, TNF-a and IL-2 [14,21]. The suscep-
tibility to infection is related to the development of a profile of helper T
cells 2 (Th2) and production of cytokines such as IL-4, IL-5 and IL-13,
resulting in the replication and persistence of the parasite [22].

In the resistance response, the Th1l lymphocytes induce the produc-
tion of nitric oxide in macrophages that leads to the destruction of the
parasite, in addition to host resistance [23]. The secretion of IL-12 by
antigen presenting cells (APCs), macrophages and dendritic cells (DCs),
promotes the differentiation of naive T cells into [FNy-secreting Thl
lymphocytes, through a major transcription factor which is the T-bet
[22,24].

Injured epithelial cells
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The Th1 profile in fact controls the multiplication and dissemination
of the parasite in CL and MCL, but does not eradicate Leishmania
infection and, when exacerbated, generates tissue damage. It is known
that the excessive production of the Thl response and proinflammatory
cytokines are associated with severe immunopathology of the disease
(Fig. 1). This is because, despite being factors necessary to kill Leish-
mania, IFN-y, TNF and nitric oxide (NO) are also implicated in inflam-
mation, leading to tissue damage [25]. In addition, asymptomatic
individuals do not exhibit a stronger Th1 response than those with active
disease, expressing low levels of IFN-y and TNF and adequate levels of
IL-10 [14,26,27].

Th17 cells also appear to contribute to the progression of CL in
humans and mice. Boaventura et al. in 2010 [28] observed that IL-17 +
cells are present in human mucosa lesions caused by L. braziliensis,
mediating the infiltration of neutrophils. Bacellar et al. [29] also re-
ported an increase in IL-17 expression in supernatants from peripheral
blood mononuclear cell cultures after stimulation with Leishmania an-
tigen, indicating that, despite having some role in defending against the
pathogen [30], this cytokine contributes to the severity of the disease. In
susceptible mice infected with L. major, IL-17 mediates the attraction of
neutrophils and the release of proteinases that induce tissue damage and
thus contributes to the progression of leishmaniasis [31].

On the other hand, Th2 lymphocytes, which are involved in inducing
the humoral response and eosinophilia, assume a role of susceptibility in
CL by inducing the production of cytokines such as IL-4, IL-5, IL-6 and
IL-13, leading to replication and persistence of the parasite [32]. In this
profile, the inability of antigens to activate DCs to produce IL-12 results
in a pathway of differentiation of naive T lymphocytes into IL-4
secreting Th2, which activates STAT6 and consequently the transcrip-
tion factor GATA3 [22]. Despite this, the production of
anti-inflammatory cytokines, coming from the Th2 profile, at lower
levels can contribute to the attenuation of inflammatory reactions and
the repair of injuries [14,26].

3. IL-1 family
Members of the IL-1 family are known to be important proin-

flammatory cytokines and to be involved in disorders associated with
inflammation. The family includes 11 cytokines, seven of which have
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Fig. 1. Cellular immune response in CL. The death of the parasite during infection is an event that involves the action of immune cells and some major cytokines
thatare crucial in activating response profiles associated with resistance. Despite this, the same response responsible for the clearance of parasites is implicated in
theestablishment of a toxic microenvironment that leads to cell death. Components of this figure were created using modified templates from Servier Medical Art,
which are licensed under a Creative Commons Attribution 3.0 Unported License; https://smart.servier.com.
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proinflammatory and agonist activity (IL-1a, IL-1p, IL-18, IL-33, IL-36a,
IL-36p and IL-36y), three act as receptor antagonists (IL-1Ra, IL-36Ra,
IL-38) and one is considered anti-inflammatory (IL-37), and therefore,
four down-regulate the inflammatory response (Fig. 2). In turn, the
family of IL-1 receptors (IL-1R) consists of 10 members, including re-
ceptors and co-receptors, which are IL-1R1, IL-1R2, accessory proteins
IL-1RAcP and IL-18R, IL-18Ra, ST2 (or IL-33R), IL-36R, SIGIRR or
TIR8, TIGIRR-2 or IL-1RAPLI and TIGIRR-1 or IL-1RAPL2 [15,16].

All of these cytokines have their genes located on chromosome 2,
with the exception of IL-18 and IL-33, which are encoded on chromo-
somes 11 and 9 [33]. They are also considered “alarm cytokines” due to
the role of initiating and spreading a network of proinflammatory me-
diators and inducing the expression of adhesion molecules in endothelial
cells and leukocytes [12,34]. Among the cells that produce the IL-1
cytokines are neutrophils, monocytes, DCs, basophils, mast cells and
macrophages, the latter being the main source from the immune system.
The whole family is also secreted by epithelial cells [35,36].

Some cytokines from the IL-1 family, such as IL-la and IL-1f,
participate in the generation of IFN-y-secreting T lymphocytes, thus
polarizing a Th1 proinflammatory response that involves the production
of TNF and NO and activation of macrophages [37,38], in addition to
contributing to the activation of Th17 cells, a profile known to mediate
the progression of leishmaniasis [29,39]. On the other hand, IL-33 has
been associated with a type 2 [40] and a regulatory immune response
[41], in addition to attenuating the development of type 1 immunity
[42].

Another inflammatory cytokine is IL-18. The binding of IL-18 and IL-
18Rp to form the IL-18R complex leads to inflammatory signaling and
Th1 responses. However, IL-18R can also bind to a co-receptor called
TIR8 and allow signaling of IL-37, the only anti-inflammatory agonist in
the family, thus leading to inhibition of inflammation [43]. Interest-
ingly, the release of the mature forms of IL-1f, IL-18 and the IL-37b
isoform requires processing by caspase-1 as a result of the activation
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of inflammasome complexes [43,44].

Another internal regulation of the IL-1 family on inflammation in-
volves the action of IL-38, an antagonist that competes for binding to the
IL-36R receptor with the other cytokines of the IL-36 subfamily (IL-36a,
IL-36p and IL- 36y), whose signaling involves the activation of nuclear
factor-kB (NF-kB) and mitogen-activated protein kinase (MAPK) path-
ways [45,46]. Thus, IL-38 has an anti-inflammatory function that still
needs to be better understood, especially in humans and in leishmaniasis
as a whole, since there are no studies that have evaluated it in this
pathological context [47].

The IL-1 family cytokine signaling is intrinsically related to receptors
that contain three extracellular immunoglobulin domains (with the
exception of TIR8 or SIGIRR, which contains one) and a Toll / IL-1 re-
ceptor domain (Toll / interleukin-1 receptor / TIR) in the cytoplasmic
portion (Fig. 2), which has a similarity shared with Toll-like receptors
(TLR), mainly TLR4. This TIR domain participates in the signal trans-
duction triggered by the ligand, signaling events such as pathogen
detection, tissue damage and inflammation, allowing the recruitment of
some molecules that intermediate the signaling pathway such as MyD88
and IRAK4 [16,36,43].

Most of the cytokines of the IL-1 family are produced in biologically
inactive forms as precursors, which after a stimulus are cleaved in the
mature form and capable of activating the receptor. Interestingly, some
cytokines like IL-1o and IL-33 have their active precursor forms [43,48].
In addition to the natural antagonists of the family, another way of
inhibiting the inflammatory response directed by IL-1 is the expression
of decoy receptors such as IL-1R2, which are able to recognize and bind
to the cytokine, but fail to form the receptor signaling complex and
generate the response. IL-1R2 lacks the cytoplasmic TIR domain and
captures the cytokine IL-1p more efficiently than IL-1a and IL-1Ra. Thus,
the cytokine is not available to bind to its active receptor, neutralizing
the action of IL-1p [43,49].
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Fig. 2. Family of cytokines IL-1 and its main receptors and co-receptors. Components of this figure were created using modified templates from Servier Medical Art,
which are licensed under a Creative Commons Attribution 3.0 Unported License; https://smart.servier.com.
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4. Role of IL-1 in cutaneous leishmaniasis

Currently, few studies associate the role of this family in the context
of leishmaniasis in patients, but there are many indications that it con-
tributes to the pathogenesis in humans [11,38,50]. They participate
directly in the activation of the immune response against pathogens; so,
the performance of these cytokines becomes crucial for an effector and
resistance mechanism against Leishmania. The balance of this response is
also necessary for the tissue healing process to occur and result in the
clinical cure of cutaneous leishmaniasis. In addition, understanding the
role of anti-inflammatory IL-1 cytokines, which modulate the response
of agonists themselves, can contribute to therapeutic strategies. To
better understand what we have so far and considering the different
study models, we have grouped the main information in the table below
(Table 1). The table emphasizes and how much this family still needs to
be studied in CL.

4.1. Mice as the main study model in cutaneous Leishmania infections

The role of IL-1 cytokines in susceptibility and resistance to Leish-
mania is still a subject of controversy, even in studies with murine
models. Due to its contribution in the activation and differentiation of T
CD4+ lymphocytes and the development of the Thl response, some
studies have highlighted IL-1a as a participant in the induction of the
resistance response to L. major observed in resistant C57BL/6 mice. On
the other hand, lower levels of expression of this cytokine are observed
by DCs of susceptible BALB/c mice, known to succumb to leishmaniasis
due developing strong Th2 responses [37,51,52]. In this sense, another
study showed that infection by L. major in macrophages of BALB/c mice
induces the gene expression of IL-la through a MyD88-dependent

Table 1
Summary of the main functions of ligands of the IL-1 family in CL.
Cytokine Receptors Role in CL Cell or References
and co- model type
receptor
IL-1a IL-1R1, IL- Participates in the BALB/c [12,37]
1R2, IL- differentiation of ThO mice
1RAcP lymphocytes into type
1; excess and long-term
levels can exacerbate
the disease
IL-1p IL-1R1, IL- May be associated with ~ RAG mice, [11,75]
1R2, IL- disease progression human
1RAcP biopsies
and PBMCs
IL-1Ra IL-1R1 Important mitigation BALB/c and [11,12,
of lesion development RAG mice 54]
IL-18 IL-18Rq, IL- It seems to depend on C57BL/6 [61,85,
18Rp the species of and BALB/c  86]
Leishmania and the mice
genetic profile of the
host, despite
contributing to the
susceptibility
1L-33 ST2, IL- Associated with Th2 BALB/c [65,87]
1RAcP responses, although it mice
is not crucial for its
development.
Negatively regulates
Th1 response and IFN-y
production
IL-36aq, B, IL-36R, IL- n/a n/a -
yandIL-  1RAcP
36Ra
IL-37 IL-18Ra, n/a n/a -
TIR8
(SIGIRR)
IL-38 IL-36R, n/a n/a -
TIGIRR-2

PBMC-peripheral blood mononuclear cells, n/a — not analyzed.
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signaling pathway, although no protein secretion has been detected,
indicating post-transcriptional regulatory mechanisms to inhibit cyto-
kine production [53].

Even so, the performance of IL-1 also appears to be associated with
dysregulation of the immune response [29]. Within this context, one
study showed that IL-1a-deficient BALB/c mice had a less severe disease,
with the development of a significantly reduced number of nodules [12],
while another described the detrimental effect of long-term exposure of
IL-1a for disease progression by inducing a Th2 response profile in the
later stage of infection [37].

The knockout of IL-1Ra in BALB/c mice also leads to an exacerbated
activation of IL-la/p, making them develop pathological conditions
such as autoimmunity and arthritis, the latter also due to excessive in-
duction of IL-17, in addition to impaired production of IL-12 and IFN-y
[54]. Despite this, the knockout of this antagonist was also described
causing a decrease in the parasitic burden in susceptible mice, and its use
in the attenuation of IL-1 resulted in a lower progression of leishmaniasis
[12].

IL-1p is secreted by hematopoietic cells, mainly macrophages and
monocytes, and has a more systemic circulation, in contrast to IL-1a
which has a more localized action [16,36]. Although IL-1p induces the
differentiation of effector T CD4+ lymphocytes, which at the beginning
of the infection protect against Leishmania, the continuation of its high
production during the chronic phase of the infection also leads to the
progression of the disease [36]. In addition, even though IL-1p signaling
via MyD88 is important in the recognition and response to Leishmania
infection in mice because it induces NO production by macrophages, its
role does not seem to be crucial in the resistance observed in C57BL/6
mice, but in BALB/c [54,55]. This may be because the already differ-
entiated Th1 cells do not express receptors for IL-1, and therefore the
cytokine has no effect on them [56]. In both VL and CL, for example,
during infections by L. donovani and L. guyanensis, the activation of the
inflammasome complex is impaired, and consequently the processing of
IL-1. This interference has consequences in the clearance of parasites
[57,58].

As with IL-1p, the cytokine IL-18 is initially produced as a precursor
that is cleaved by caspase-1. A peculiar characteristic of IL-18 is that this
cytokine can be of the Thl or Th2 type, depending on the presence of
other cytokines in the microenvironment [49,59]. Controversial results
regarding its contribution to CL are observed depending on the Leish-
mania species and the host’s genetic background. The deletion of IL-18
in resistant C57BL/6 mice infected with L. major resulted in increased
lesions, but there was no change in the levels of IFN-y and in the ability
to generate the Thl response, thus the mice were still capable of
resolving the disease [60]. However, another study showed that this
same knockout mouse model infected with L. amazonensis developed
smaller lesions and parasitic load, indicating that IL-18 would be
involved in susceptibility to infection by this pathogen [61]. Anyway,
the absence of IL-18 in mice seems to be associated with the induction of
the Th2 phenotype and a decrease in the Th1 cell response, having a role
in the imbalance of Th1/Th2 responses whose exacerbated alteration is
ahead of the intense tissue inflammation/injury or Leishmania persis-
tence, respectively [62,63].

The polarization of the Th2 response, which is also associated with
the diffuse and visceral forms of leishmaniasis [64], may also be influ-
enced by IL-33, a cytokine of the IL-1 family that contributes to sus-
ceptibility in VL, negatively modulating the Thl response and the
recruitment of immune cells in the liver [42,65]. In CL, there are some
studies that focus on evaluating the expression of its receptor (ST2) in
mouse Th2 cells, initially identified as an orphan receptor and whose
signaling was associated with the IL-33 ligand only in 2005 [66-68].
Although the performance of IL-33 does not seem to be crucial in the
differentiation of Th2 cells and the production of cytokines in this pro-
file, the suppression of its signaling with monoclonal anti-ST2 antibodies
in BALB/c mice, during infection with L. major, lead to a stronger Thl
response, thus it seems to play a role in susceptibility to the parasite
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[65].
4.2. What is known in humans and what are the gaps to fill?

There are few studies that correlate the IL-1 family and CL in
humans, and the use of mice as the main study model can raise problems
of extrapolating results due to some variables of the infection model
itself [22]. This lead to several gaps regarding the molecular immune
response developed during human infection by Leishmania parasites. In
order to build a panoramic view on this subject, in this topic we have
gathered the findings available in the literature and then indicate the
spaces to be filled.

Only three IL-1 cytokines have been studied so far in humans,
including the main inflammatory IL-1a and IL-1p, and the dual IL-18. A
survey of patients infected with L. mexicana with localized lesions
allowed the visualization of IL-1a, with a significant increase in lesions
older than 4 months when compared to those of 2 months in duration.
The authors justify the increase and the correlation with other cytokines
when considering the elevation of infiltrated T lymphocytes in the lesion
[69]. In fact, an increase in cytokines may be linked to the duration of
the lesion [70], however, more studies need to be done seeking to better
elucidate the relationship of disease duration, number of T cells and the
expression of this cytokine. No other studies were found that brought
IL-1a in the context of the disease, which draws attention due to the fact
that this cytokine is constitutively present in epithelial cells, so it is
important to understand its contribution to pathogenesis in the context
of this cutaneous disease.

IL-1, unlike IL-1a, is best described. In the infection by L. mexicana,
researchers demonstrated a possible association of a polymorphism
located in the promoter region of the IL-1p gene and the worsening of CL
related to the induction of the cytokine expression due to the mutation
[50]. Therefore, the increase in IL-1p production favors the establish-
ment of inflammation and can induce the spread of the parasite, which,
as is well known, uses immune cells as hosts. The same authors reported
levels of IL-1p directly proportional to the parasitic burden, in addition
to a much greater distribution of this cytokine in lesions cells of patients
with diffuse cutaneous leishmaniasis (DCL) [50].

With regard to the distribution of IL-1p, high levels in patients with
DCL and in a few with the localized form allowed this cytokine to be
correlated with the severity of the disease and inflammation [50].
Caceres-Dittmar et al. (1993) [71] showed that the mRNA responsible
for the production of this cytokine was less expressed in DCL, a form of
leishmaniasis characterized by an important Th2 deviation from the
immune response and failures in the activation of Thl lymphocytes
[72]. In L. tropica infection, IL-1p was found at high levels in almost all
biopsies analyzed [73]. In the case of L. major infection, a study showed
that, although the stimulus significantly induced the expression of IL-1p,
there was no significant difference in the levels observed between healed
patients, asymptomatic individuals and controls [74].

During the infection by L. braziliensis, IL-1f also showed correlations
with the appearance of ulcers, the duration of lesions and areas of ne-
crosis [75,76]. Infection with L. braziliensis is known for the develop-
ment of a more severe form of CL and MCL, characterized by strong Th1
deviations and exacerbated inflammation, showing that this parasite has
a strong immunogenicity. When infected macrophages were investi-
gated with and without IL-1p blocked by neutralizing antigens, it was
seen that it had no role in the elimination of parasites. Thus, in patients
who are not at risk of increased parasitic load, blocking this cytokine
becomes an efficient alternative to fight the disease [75]. Although it is
not clear how this cytokine directs the progression of CL, together these
findings show that L. braziliensis seems to cause a modulation that guides
patients to a more inflammatory response.

The current treatment for cases of CL is based on the use of penta-
valent antimonial, that have a high degree of toxicity. The action of
these drugs includes mainly the induction of leishmanicidal activity of
macrophages [77] and immunomodulation based on CD4 + and
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CD8 + T cells, but the detailed mechanism is still not well understood
[78]. Considering this, two studies showed the effect of the pentavalent
antimonials on plasma levels of IL-1p. The first, carried out by Kocyigit
etal. [79], observed a three-fold increase in IL-1p levels in patients after
21 days of treatment with Glucantime® compared to the before treat-
ment group. The second study [70] showed high levels of IL-1f in
infected patients during use antimonial (Pentostam®) compared to
healthy individuals, that significantly decreased after treatment and
clinical cure. Due to methodological divergences, further studies are
needed correlating the treatment based on pentavalent antimonials and
the levels of cytokines participating in the course of Leishmania infection
through different routes of administration.

Divergent results are also presented regarding IL-18 during Leish-
mania infection. In 2013, Shahi et al. [80] found higher levels of IL-18
production in supernatants from PBMC culture stimulated with
L. major antigens from patients with chronic CL lesions compared to
cured individuals. This indicated a much more susceptible and aggra-
vating role of this cytokine in the pathology than disease resistance.
IL-18 was also significantly increased in lesions of patients with L. tropica
in the acute and chronic conditions of CL, compared to the production of
that same cytokine in healthy skin cells of the same individuals [81].

On the other hand, a study made a survey of all transcripts produced
by human macrophages derived from the U937 cell line after infection of
L. braziliensis for 72h, and within the group of negatively regulated
genes was IL-18. This may indicate the modulation that Leishmania ex-
erts on the host’s defense machinery in an attempt to stabilize the
infection, as this investigation time may simulate a later stage of infec-
tion by the parasite [82]. Stimulation of PBMC cells from healthy in-
dividuals with L. major does not seem to be able to induce IL-18, but
rather IL-1f, both cytokines matured by the imflamasome [74]. This
reinforces the idea of IL-18’s flexible role, regulated by the microenvi-
ronment and the presence of other cytokines such as IL-12 [83],
emphasizing the need to further study its and synergism with other
cytokines.

In addition to the IL-1 type 1 receptor antagonist, other cytokines in
the family have a suppressive effect on inflammation induced by the
inflammatory agonists themselves, such as IL-37, IL-38 and IL-36Ra, and
can become potential therapeutic targets. Although IL-36 has been
associated with chronic inflammatory diseases [84] and responses
mediated by Th17 cells [45], known to contribute to tissue damage and
progression of leishmaniasis in mouse strains susceptible to L. major [26]
and patients with American cutaneous leishmaniasis [27], we do not
know what their role is in leishmaniasis.

5. Conclusion

Although quite heterogeneous, we observed that the IL-1 cytokine
family plays a central role in the recognition of pathogens and in
directing an immune response from different profiles, whether Th1, Th2
or Th17, all of which are important in the context of CL. Some paradoxes
in animal studies involve the action of the main inflammatory cytokines
IL-1a/pB, as there seems to be a fine line between their importance in
resistance, as an effector mechanism against Leishmania and their
contribution to the exacerbation of the inflammation responsible for the
pathology. However, there seems to be a consensus that in the later
stages of infection, such cytokines play a role in susceptibility and ag-
gravates the progression of CL.

In humans, how these cytokines behave during Leishmania infection
is poorly understood, especially how antimonial treatment modulates
such molecules and the involved mechanism of the inflammatory
response exacerbation. Currently there is strong evidence that such cy-
tokines contribute to tissue degradation. The clarification of the role of
the IL-1 family further contributes to elucidating the adaptive success of
this parasite, which exerts a strong modulation on the host’s immune
response. Thus, we reinforce how crucial it is to understand its dynamics
in CL forthe discovery of new therapeutic targets.
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