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Little is known about the differences in the CD4+ T-cell response induced by Sporothrix schenckii and
Sporothrix brasiliensis, the most virulent species that cause sporotrichosis. Here, the helper (Th) and
regulatory T cells (Tregs) responses were evaluated comparatively in a murine model of sporotrichosis on
days 7, 21 and 35 after subcutaneous infection with either S. schenckii or S. brasiliensis conidia. The fungal
load was measured at the site of infection, as well as in the liver and spleen. The Th1/Th17/Tregs re-
sponses were analyzed in the spleen, while the level of IL-2, IL-4, IL-6, TNF-alpha, IFN-y, IL-17A and IL-10
cytokines were measured at the local site of infection on 24 h postinfections and in sera on the indicated
days. S. brasiliensis caused a longer-lasting infection in the skin and chronic systemic dissemination
associated to more severe granulomatous lesions. Similar Th1/Th1-Th17/Tregs responses were induced
by both S. brasiliensis and S. schenckii on 7th and 21st d.p.i but on 35 d.p.i a reduction of Th1 and Th1-
Th17 cells, associated to higher values of Th17/Tregs cells was observed only in S. brasiliensis-infected
mice. In summary, S. brasiliensis caused a more severe disease associated with sustained Th17/Tregs
responses than S. schenckii in mice.

Virulence

© 2018 British Mycological Society. Published by Elsevier Ltd. All rights reserved.

1. Introduction

Sporotrichosis is the most reported and globally distributed
subcutaneous mycosis (Bonifaz and Tirado-Sanchez, 2017).
Although considered endemic in tropical and subtropical countries,
sporotrichosis has been increasingly observed in other regions and
currently is regarded as an important and emergent disease. The
exact prevalence of sporotrichosis is unknown due to its lack of
reportable disease status. However, the disease has been reported
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in a wide range of countries, including the United States, South
America (Brazil, Colombia, Guatemala, Mexico, Peru), South Africa,
Asia (China, India, Japan), and Australia (Chakrabarti et al., 2015;
Carlos and Batista-Duharte, 2015). After a pioneer study that was
conducted by Beurmann and Gougerot involving 250 cases of
cutaneous sporotrichosis in France (Beurmann and Gougerot, 1912),
the number of cases has decreased drastically in Europe, and
currently, only sporadic cases have been recently reported in some
countries such as Spain, Italy and Portugal (Carlos and Batista-
Duharte, 2015). Sporothrix schenckii sensu lato, the etiologic agent
of sporotrichosis, is a complex of at least four pathogenic species
that include Sporothrix brasiliensis, S. schenckii sensu stricto, Sporo-
thrix globosa, and Sporothrix luriei (de Beer et al., 2016). However,
the two most important pathogenic species are both S. schenckii
sensu stricto, which is responsible for human sporotrichosis
worldwide and S. brasiliensis, which is the more virulent specie,
involved in an expanding zoonosis transmitted by cats in Brazil
(Arrillaga-Moncrieff et al., 2009; Castro et al., 2013; Della Terra
et al,, 2017).

1878-6146/© 2018 British Mycological Society. Published by Elsevier Ltd. All rights reserved.
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These fungi are common saprophyte of soil, decaying wood, hay,
and sphagnum moss. Human or animal infection generally occurs
by traumatic inoculation of soil, plants, and organic matter or
through scratches or bites from animals (mostly cats) contaminated
with the fungus, and more rarely by inhalation. Evidences suggests
that S. schenckii sensu lato is able to modify its virulence under
different environmental conditions (Téllez et al., 2014; Batista-
Duharte et al., 2015). After inoculation, several mechanisms of the
innate immunity are activated to control the infection directly and
by stimulating the specific immune response (Carlos et al., 1994;
Gongalves et al., 2015; Ferreira et al, 2015; Maia et al.,, 2016;
Jellmayer et al., 2017). The importance of these immune mecha-
nisms for the control of S. schenckii-infection is evidenced by the
higher fungal colonization and dissemination in immunosup-
pressed mouse models (Manente et al., 2018; Batista-Duharte et al.,
2018a) and immunocompromised patients, mainly individuals with
HIV-AIDS (Moreira et al., 2015).

It has long been appreciated that protective immunity against
fungal pathogens is dependent on the activation of cellular adaptive
immune responses involving Th1 and Th17 subsets of T lympho-
cytes while an elevated Th2 response promote fungal infections
(van de Veerdonk and Netea, 2010). More debate exists about the
role of regulatory T cells (Tregs), a subset of T cells with a
CD3+CD4-+CD25 + Foxp3+ phenotype, that regulate the immune
responses. Some studies have shown that Tregs increase protective
immunity against different fungi such as Candida albicans
(Pandiyan et al., 2011; Netea et al., 2004) and Cryptococcus neofor-
mans (Schulze et al., 2014; Wiesner et al., 2016), while in other
models, Tregs promoted fungal infection (Felonato et al., 2012;
Whibley et al., 2014).

Recently, it was reported that differences in the cell wall
composition between S. schenckii sensu stricto and S. brasiliensis
influence the contribution of immune receptors during cytokine
stimulation by human mononuclear cells (Martinez-Alvarez et al.,
2017). Other recent studies showed that several proteins poten-
tially involved in immune evasion strategies are expressed in S.
brasiliensis but not in S. schenckii (Rossato et al., 2018), and that S.
brasiliensis produces the highest levels of oxidative stress in a
murine model among the species of S. schenckii sensu lato (Mario
et al., 2017). These findings suggest that there must also be differ-
ences in the stimulation of specific T cell responses between these
two species. Differences in immunogenicity between the different
clinical isolates of S. schenckii sensu lato and the recognition of
several fungal antigens by specific antibodies induced in infected
human, cats and rodents have been reported (Fernandes et al.,
2013; Della Terra et al., 2017). Moreover, some studies have
addressed the role of the cellular-mediated immune response in
sporotrichosis by evaluating the T helper immune response
induced in vitro or in murine models of systemic S. schenckii sensu
stricto infection (Uenotsuchi et al., 2006; Maia et al., 2006; Ferreira
et al., 2015; Gongalves et al., 2017). However, the role of Tregs in
sporotrichosis has yet to be determined, and comparative studies of
T cells response against different species of S. schenckii sensu lato
have not been conducted.

The objective of this work was to comparatively analyze the
virulence and the CD4+T-lymphocyte response induced by S.
schenckii sensu stricto and S. brasiliensis in a murine model of sub-
cutaneous sporotrichosis.

2. Materials and methods
2.1. Microorganism and culture conditions

S. schenckii strain 1099-18, was kindly provided by Dr. Celuta Sales
Alviano at the Institute of Microbiology, Federal University of Rio de

Janeiro (Brazil). This strain was originally isolated from a human case
of sporotrichosis at the Mycology Section of the Department of
Dermatology, Columbia University (New York, NY, USA). S. brasiliensis
ss250 (CBS 133009, GenBank: KC693883.1), was originally isolated
from a feline sporotrichosis case in Brazil, and was kindly provided
by Dr. Sandro Pereira at the Oswaldo Cruz Foundation, (Rio de
Janeiro, Brazil). For experimental infection, the mycelia phase of each
strain was grown in Sabouraud broth (Difco, Detroit, USA) for 5 d at
28—30 °C, and the culture was filtered through sterile gauze to
isolate conidia from hyphae (Castro et al., 2013).

2.2. Experimental infection

Male C57BL6 mice, 5—7 weeks old, were purchased from Centro
Multidisciplinary para Investigacao Biologica na Area da Ciencia de
Animais de Laboratorio” (CEMIB), UNICAMP University. This work
was approved by the Institutional Ethics Committee for Animal Use
in Research (Protocol CEUA/FCF/CAR no. 08/2016) and was in
accordance with the National Institutes of Health Animal Care
guidelines. Either S. schenckii sensu stricto or S. brasiliensis-infected
mice and non-infected mice forming three groups were housed
(Three mice/microisolator cage/group) in specific pathogen-free
(SPF) conditions. Each mouse of infected groups were subcutane-
ously inoculated in the dorsal sacral region with 107 conidia sus-
pended in 200 UL of sterile PBS or sterile PBS (control group) (Castro
et al.,, 2013). Conidial viability was confirmed by colony forming
unit (CFU) count of conidia suspension cultured onto Mycosel agar
(BD Biosciences) plates. Infected and control mice were monitored
daily for until 35 d to evaluate the progression of the disease. The
extension of the primary skin lesion was monitored at 7, 21 and
35 d postinfection (d.p.i). Three mice of each group were eutha-
nized in each time, and the skin lesion, liver and spleen were
removed and weighted to assess the fungal load, in order to eval-
uate local and systemic fungal load. Three independent experi-
ments were performed.

2.3. Preparing tissue homogenates from mouse skin

Skin punches measuring 6 mm were homogenized in 1.5 mL
extraction buffer (containing 10 mM Tris pH 7.4, 150 mM NacCl, 1 %
Triton X-100) per gram of tissue using a glass homogenizer. The
homogenates were transferred to 1.5 mL Eppendorf tubes, centri-
fuged at 13,000 x g for 10 min at 4 °C, and the supernatant was
stored at —80 °C until analyzed (Blalock et al., 2001). TNF-alpha and
IL-6 protein levels were determined as described in 2.6.

2.4. Histopathology study

Skin fungal inoculation site, liver and hind paws were fixed with
10 % buffered formalin. Samples were dehydrated, paraffin-
embedded, and sectioned. Then, they were stained with hae-
maoxylin and eosin or Periodic Acid—Schiff (PAS) to observe the
presence of the fungi in the tissue. Analysis was made by optical
microscopy (NIKON Eclipse TS100, Tokyo, Japan), and photos were
captured by VD480 OPTMEDICAL software.

2.5. Thi, Th17 and Tregs analysis by flow cytometer

Spleens were aseptically removed and splenocytes were
extracted as previously described (Ferreira et al., 2015). Viable
splenocytes were adjusted to 1 x 107 cells/mL in RPMI-1640 (Sig-
ma—Aldrich, Germany), supplemented with 2 mm r-glutamine. 100
U/mL penicillin. 100 pg/mL penicillin/streptomycin and 10 % fetal
calf serum (RPMI complete). The following anti-mouse mAb were
used: anti-CD16/CD32, anti-CD3-FITC, anti-CD4-APC, anti-IL-17-PE;
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anti-IFNy; anti-CD25-PE; anti Foxp3-PE-Cy7 and respective isotype
controls. Splenocytes were assessed for the frequency of
Th1(IFNy+), Th17 (IL-17+), Th1-Th17 (IFNy+Th17+) and Tregs
(CD25 + Foxp3+). Briefly, cells were stained for the extracellular
markers, then fixed and permeabilized using eBiosciences' intra-
cellular fixation & permeabilization buffer set, and then stained for
the transcription factors Foxp3. Intracellular IFNy and IL-17 were
detected after in vitro stimulation with cell stimulation cocktail
containing phorbol 12-myristate 13-acetate (PMA) and ionomycin
to induce cytokine production and Brefeldin A/Monensin for
intracellular retention of the induced cytokine expression (eBio-
science). Events were acquired using a BD Accuri C6 flow cytometer
(BD Biosciences) and analyzed within the flow cytometer's pro-
prietary software.

2.6. Cytokines in serum and skin

Seven cytokines were measured in the local site of infection on
24 h post-infection and in sera at 7th, 21st and 35th d.p.i in unin-
fected and infected mice by Cytometric Bead Array (CBA) with BD
CBA Mouse Th1/Th2/Th17 Cytokine Kit (BD Bioscience, Catalog No.
560485). Briefly, The BD CBA Mouse Th1/Th2/Th17 Cytokine Kit uses
bead array technology to simultaneously detect multiple cytokine
proteins in biological samples. The kit was used for the simultaneous
detection of mouse interleukin-2 (IL-2), interleukin-4 (IL-4),
interleukin-6 (IL-6), interferon-y (IFN-y), tumor necrosis factor (TNF-
alpha), interleukin-17A (IL-17A), and interleukin-10 (IL-10) in a single
sample. Each bead carrying an specific anti-cytokine capture anti-
body emits different fluorescence intensities. The seven bead pop-
ulations are mixed together to form the bead array, which is resolved
in a red channel (ie, FL3) of the cytometer. After that, similar volume
(50 ul) of pooled beads, biological sample and Th1/Th2/Th17 PE
Detection antibody are mixed, incubated 2 h, washed and analyzed
with a BDAccuri C6 flow cytometer (BD Biosciences, CA). Cytokine
concentrations were extrapolated from a standard curve that was
run in parallel and the value were expressed in (pg/mL).

2.7. Statistical analysis

Statistical analysis was performed in GraphPad Prism ver. 6.01.
The results are expressed as the mean + SD and the statistical
significance was analyzed using one or two-way analysis of vari-
ance (ANOVA) with Tukey or Sidak's multiple comparisons test,
respectively. Student's t-test was also used where indicated. In this

study, a p value of <0.05 was considered significant.
3. Results

3.1. Progression of subcutaneous infection and systemic
dissemination

The progression of infection was determined weekly by
assessing the diameter of the primary lesion on the skin and in
subcutaneous tissue. Furthermore, systemic dissemination (fungal
burden in the spleen and liver) was evaluated by CFU counts.
Locally, there were not significant differences in CFU counts be-
tween S. schenckii and S. brasiliensis throughout the study (Fig. 1A);
however, S. brasiliensis-infected mice developed more extensive
and long lasting local lesion (Fig. 1B). S. brasiliensis was also more
efficient in colonizing distant sites than S. schenckii sensu stricto.
S. schenckii CFU counts in the spleen and liver decreased rapidly
after the 7th week, while S. brasiliensis maintained a higher organ
burden throughout the experiment (Fig. 1C,D). At 35 d.p.i. severe
fungal infiltration, inflammation and increased spleen weight were
observed in the S. brasiliensis-infected mice. Several animals of both

infected groups also developed orchitis and nodular lesions in the
tail. These and others clinical manifestations were depicted in
Table 1 and Supplementary figures (S1 and S2).

3.2. Histological assessment

To confirm the above results, the local inoculation site and the
liver were studied histopathologically. Fungal cells were defined by
the presence of yeast-like structures that were consistent with
round, oval or cigar-shaped yeasts, with 2—6 um of diameters and
exhibited positive staining for PAS. As observed in Fig. 2, all cases
were characterized by suppurative granulomatous processes with
different grades of development on the skin. Relative to S. schenckii
sensu stricto infection, mice infected with S. brasiliensis developed
more extensive areas containing well-formed granulomas that
were associated with greater fungal and inflammatory cells infil-
tration, which predominantly included epithelioid cells, lympho-
cytes and neutrophils.

In the liver, disseminated white to yellowish-white nodules
were observed in mice infected with S. brasiliensis. In animals
infected with S. schenckii sensu stricto, nodules were either not
observed or very scarcely present, which was the case in a small
number of animals. Microscopically, it was observed well-formed
tuberculoid granulomas were observed with central caseous ne-
crosis, Langhans giant cells and surrounding lymphoplasmacytic
infiltrate, associated to neutrophils and eosinophils. In contrast, S.
schenckii-infected mice developed small granulomes with few
presences of fungi and less extensive inflammatory cells (Fig. 3).

3.3. Th1, Th17 and Tregs analysis

The Fig. 4 shows the percentage values of Th1, Th17 and Tregs in
the spleen at 7, 21 and 35 d.p.i. Both groups of infected mice,
exhibited a higher level of Th responses at 21 d.p.i, but different
responses were observed between the groups at 35 d.p.i.
Mice infected with S. schenckii sensu stricto showed a decreased in
Th1/Th7 and Tregs responses while those mice infected with
S. brasiliensis maintained an elevated Tregs response associated to
a dramatic Th17 + Th1- response.

3.4. Cytokines levels in serum and the skin

With the aim of evaluating the impact of the infection in the
pattern of cytokines on the skin during the first 24 h, the profile of
TNF-alpha, IL-6 and IL-10 were studied at the inoculation site. Mice
infected with S. schenckii sensu stricto, produced elevated levels of
TNF-alpha and IL-6, relate to those infected with S. brasiliensis. IL-10
production was not modified in any group (Fig. 5).

Differential expression of circulating cytokines in the serum was
also observed on the 7th, 21st and 35th d.p.i between the experi-
mental groups (Fig. 6). In contrast to what occured at the inocula-
tion site during the beginning stages of infection, S. brasiliensis
induced increased production of all measured cytokines, compared
with S. schenckii sensu stricto except IL-17A and IL-10 whose values
were only higher 35 d.p.i. At that time, the group infected with
Sporothrix brasiliensis maintained high levels of all measured cy-
tokines, with the exception of IFNy, which showed a tendency to
decrease from 7 to 35 d.p.i (Fig. 6).

4. Discussion

The T cell-mediated immune response is essential for the con-
trol of fungal infections (van de Veerdonk and Netea, 2010; Roussey
et al., 2016). The role of Th cells in sporotrichosis has been studied
in models of Sporothrix shenckii sensu strictu infection. However,
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Fig. 1. Fungal burden in skin lesion (A), spleen (C) and liver (D) as determinated by the number of colony forming units/grames os tissue (CFU)/g) grown on Mycosel agar; and
diameter of skin lesion (B) from mice infected with either S. schenckii sensu strito or S. brasiliensis. Each animal was inoculated subcutaneously with 1 x 107 conidia and infection was
evaluated at 7, 21 and 35 d postinfection. Data are shown as the mean + SD of three independent experiments (n = 9/group). *(p < 0.05); **(p < 0.01); ***(p < 0.001):
**(p < 0.0001) as determined by the number of colony-forming units grown on Mycosel agar.

Table 1

Evaluation of the progression of sporotrichosis caused by S. schenckii sensu stricto and S. brasiliensis in a subcutaneous murine model at 35 d postinfection.

Clinical findings

S. schenckii sensu stricto S. brasiliensis

Ulcerated open lesion in the fungal inoculation site (skin)
Secondary nodular lesions along the tail

Inflammation in the paw and posterior leg joints (arthritis)*
Orchitis

Macroscopic lesions in the liver

Splenomegaly”

Death

5/9 9/9
4/9 7/9
3/9 8/9
4/9 7/9
3/9 9/9
9/9 9/9
0/9 0/9

2 Representative imagens are showed in Fig. S2.

b A kinetic of spleen weight on days 7, 21 and 35 d postinfection is showed in Fig. S1.

there is little information on the different T cell response patterns
induced by the different pathogenic species of S. schenckii sensu
lato. To attempt to answer this question, at least in part, the dif-
ferences in T helper cells and Tregs induced by S. schenckii sensu
stricto and S. brasiliensis infections were shown for the first time in a
model of subcutaneous infection, as this is the usual way of entry
for the fungi (Castro et al., 2013).

In this model, S. schenckii infection was rapidly controlled with a
sustained reduction of the local and systemic fungal load. Inter-
estingly, S. schenckii sensu stricto stimulated a high production of
the proinflammatory cytokines TNF-alpha and IL-6 at the site of
infection on 24 h after inoculation, while the concentration of these
cytokines in mice infected with S. brasiliensis remained similar to
that of uninfected mice. A similar pattern was reported by
Martinez-Alvarez et al. (2017). These authors compared the ability
of S. brasiliensis and S. schenckii sensu stricto cells to stimulate
cytokine production in human peripheral blood mononuclear cells
and observed that conidia and yeast of S. schenckii sensu stricto

induced increased levels of proinflammatory cytokines, when
compared to S. brasiliensis cells. The poor stimulation of the innate
immune system by S. brasiliensis during early stages of infection can
be explained, at least in part, by differences in the cell wall
composition (Martinez-Alvarez et al., 2017; Lopes-Bezerra et al.,
2018) and differentially expressed proteins that are potentially
involved in immune evasion between these two species (Rossato
et al, 2018). These differences can impact the infiltration and
activation of macrophages and possibly dendritic cells, favoring the
higher and longer lasting systemic dissemination of S. brasiliensis
when compared with S. schenckii sensu stricto.

A previous report by our group in a model of S. schenckii sensu
strito systemic infection (Gongalves et al., 2017) showed that the
highest response of Th1, Th17 and Tregs cells were observed
approximately 21 d.p.i, and were reduced as the clearance of fungi
occurred. A similar pattern was observed in the current model of
subcutaneous infection. However, in this study, we observed that
the immune response induced by S. brasiliensis was less effective in
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Uninfected S. schenckii S. brasiliensis

Fig. 2. Representative macroscopic and histological images of the skin in the fungal inoculation site at 35 d postinfection after infection by S. schenckii sensu strito or S. brasiliensis.
The control group was inoculated with vehicle (PBS). Original magnification 10x, and 400x. Periodic Acid Schiff Stain.
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Fig. 3. Representative macroscopic and histological images of the liver at 35 d postinfection by either S. schenckii sensu strito or S. brasiliensis. The control group was inoculated with
vehicle (PBS). Original magnification 10x, and 400x. Periodic Acid Schiff Stain.

controlling the infection, as evidenced by the high fungal load PAS-positive yeast in S. brasiliensis-infected mice was notable. A
throughout the study. similar finding was reported by Arrillaga-Moncrieff et al. (2009),

The presence of large hepatic granulomas disseminated after intravenous infection of highly virulent isolates of S. schenckii
throughout the liver loaded with numerous oval and cigar-shaped sensu stricto.
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Fig. 4. Response of Th1 (intracellular IFNy+), Th17 (intracellular IL-17A+); Th1-Th17 (double positive) and Tregs (CD3+CD4+CD25+ Foxp3+) cells induced by either S. schenckii
sensu strito or S. brasiliensis in a subcutaneous murine model of sporotrichosis at 7, 21 and 35 d postinfection. Data are shown as the mean + SD of three independent experiments

(n = 9/group) *(p < 0.05); **(p < 0.01); *(p < 0.001): ***(p < 0.0001).
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Fig. 5. IL-6, TNF-alpha and IL-10 concentration in the site of fungal inoculation (skin) induced by either S. schenckii sensu strito or S. brasiliensis 24 h postinfection. Data are shown as
the mean + SD of three independent experiments and are expressed in pg/mL/g of skin (n = 9/group). *(p < 0.05).

Once again, the role of Th1 and Th17 lymphocytes in the im-
mune response against this fungus was demonstrated. Th1 and
double positive Th1-Th17 (IFNy+IL-17A+) cells were stimulated by
the two species. The inflammatory infiltrate at the sites of infection
excibited large numbers of monocytes and neutrophils, suggesting
cooperative Th1 and Th17 activity for fungal clearance (van de
Veerdonk and Netea, 2010). However, at 35 d.p.i a different char-
acteristic in the Th1l and Th17 profile was observed. While a
reduction in Th1 and Th1-Th17 responses was observed upon S.
schenckii clearance, a similar reduction, in the observed Th1l
response to S. brasiliensis infection at 35 d.p.i seems to have been
caused by the immunosuppressive effect of the Tregs that were
exacerbated at that time. Interestingly, a sudden and dramatic Th17
response was observed in this group.

Regulation of the antifungal T-helper response is crucial for the
resolution of the inflammatory response after fungal clearance to
prevent detrimental immunopathology (Kroetz and Deepe, 2010;

Dewi et al., 2017). The high levels of Tregs observed on day 35
post-S. brasiliensis infection suggest an immunosuppressive
response to counteract the excessive multi-organs inflammation. It
seems that the increase in Tregs leds to inhibitory effect on Th1 cells
and a strong stimulation of Th17 cells as a possible compensatory
antifungal mechanisms.

The role of Tregs in fungal infection is still controversial.
Some studies showed that Tregs increased protective immunity
(Pandiyan et al., 2011, Netea et al.,, 2004, Schulze et al., 2014,
Wiesner et al.,, 2016), while in other models, Tregs promoted
fungal infection (Felonato et al., 2012; Whibley et al., 2014). Our
results suggest that, in addition to the immunosuppressive role of
Tregs in avoiding excessive inflammation, they may also favor a
shift to a Th17 response, promoting the elimination of the pathogen
in advanced stages of infection (Kanashiro-Galo et al., 2016;
Sehrawat and Rouse, 2017). The effect of Tregs on the Th17 func-
tion in fungal infection is also controversial. Osorio et al. (2008),
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reported that the stimulation of bone marrow-derived dendritic
cells with curdlan triggered the conversion of Foxp3+IL-17- cells
into IL-17-expressing Foxp3+ cells, suggesting that dectin-1 en-
hances the Th17 response by Tregs plasticity. Thus, the role of
dectin-1 in anti-sporothrix defense have been recently reported
(Jellmayer et al., 2017; Martinez-Alvarez et al., 2017). Moreover,
studies performed in murine models of C. albicans infection have
showed that Tregs are markedly increased in infected mice
compared to uninfected control mice. These Tregs inhibited Th1
and Th2 activity but promoted a Th17 response (Pandiyan et al.,
2011; Whibley et al., 2014). Owing to the inhibition of Th17
development by IL-2, the enhancement of Th17 cell abundance was,
in part, attributable to the Tregs preferential consumption of IL-2
(Pandiyan et al,, 2011; Whibley et al., 2014). Tregs can differen-
tiate into Th17 cells in the presence of IL-6 (and in the absence of
exogenous TGF-B) and induce naive CD4+CD25—T-cell differenti-
ation into IL-17-producing cells, (Kitani and Xu, 2008; Batista-
Duharte et al., 2018b). In contrast, other studies using the same
infectious agent, C. albicans, have suggested an inhibitory effect of
Tregs on Th17 activity (De Luca et al., 2007). Given these findings,
new studies are being carried out by our group using Tregs
depletion models to define the impact of these cells on other T
populations for the control of the infection and the inflammatory
response induced by these two species. The understanding of these
mechanisms will have an undeniable impact on the design of
immunomodulatory drugs and vaccines for the control of sporo-
trichosis, wich represent a growing area of research that promises
important advances in the immediate future (Batista-Duharte et al.,
2016; Almeida et al., 2015; Portuondo et al., 2016, 2017; de Almeida
et al., 2018).

5. Conclusions

The present results reinforce the need for comparative studies of
virulence associated with immunomodulation induced by patho-
genic species of S. schenckii sensu lato. In this study, important
differences between Th and Tregs response to the most virulent
species of S. schenckii sensu lato were shown for the first time.

Infection with S. schenckii sensu lato was controlled with Th1 and
Th1-Th17 response, associated to a late Tregs to maintain the tissue
homeostasis. Furthermore, S. brasiliensis caused a more dissemi-
nated and lasting infection as well as greater tissue damage in a
model of subcutaneous infection. The higher virulence of S. brasi-
liensis was associated with poor stimulation of the innate immune
system in the skin and subcutaneous tissue and a reduction of the
Th1 response with higher Th17 and Tregs profile in the advanced
phase of infection. This pattern in S. brasiliensis infection suggests a
T cell bias that favors a Th17-mediated immune response in an
attempt to control the severe fungal infection while reducing the
excessive and deleterious inflammatory response by means of
Tregs activity. Future studies are needed to unravel the mechanisms
behind the differential response profiles induced by these two
species and to determine the beneficial or detrimental effect of
Tregs during chronic stages of infection.
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