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SUMMARY

The recognition of fungi by intracellular NOD-like receptors (NLRs) induces in-
flammasome assembly and activation. Although the NLRC4 inflammasome has
been extensively studied in bacterial infections, its role during fungal infections
is unclear. Paracoccidioidomycosis (PCM) is a pathogenic fungal disease caused
by Paracoccidioides brasiliensis. Here, we show that NLRC4 confers susceptibility
to experimental PCM by regulating NLRP3-dependent cytokine production and
thus protective effector mechanisms. Early after infection, NLRC4 suppresses
prostaglandin E, production, and consequently reduces interleukin (IL)-1B
release by macrophages and dendritic cells in the lungs. IL-18 is required to con-
trol fungal replication via induction of the nitric oxide synthase 2 (NOS2)
pathway. At a later stage of the disease, NLRC4 impacts IL-18 release, dampening
robust CD8*IFN-y* T cell responses and enhancing mortality of mice. These find-
ings demonstrate that NLRC4 promotes disease by regulating the production of
inflammatory cytokines and cellular responses that depend on the NLRP3 inflam-
masome activity.

INTRODUCTION

Pattern recognition receptors (PRRs) are the frontline of host responses to microbial and danger signals
(Bauernfeind and Hornung, 2013; Plato et al., 2015). Concerted efforts of intracellular NOD-like receptors
(NLRs) together with an adapter molecule trigger inflammasome assembly, a large multiprotein complex
that processes the proinflammatory cytokines interleukin {IL)-1B/IL-18 and induces cell death (Ketelut-Car-
neiro and Fitzgerald, 2020; Martinon et al., 2002). Inflammasome activity has been linked to opportunistic
tungal infection (Tavares et al., 2015). Paracoccidioidomycosis (PCM) is a severe human disease caused by
the fungi of the genus Paracoccidioides (Franco, 1987). The infection initiates in the lungs, where it causes a
chronic granulomatous inflammation, but can disseminate through circulatory and lymphatic systems (Cal-
ich et al., 1998; Martinez, 2017). The intracellular receptor NLRP3 has been studied during experimental in-
fections with P. brasiliensis (Feriotti et al., 2017: Ketelut-Carneiro et al_, 2015; Tavares et al., 2013). NLRP3
inflammasome assembly and caspase-1 activation mediates IL-1f and IL-18 maturation, while inducing py-
roptotic cell death (He et al., 2016). After P. brasiliensis infection, Nirp3 / mice harbor increased fungal
burdens and succumb to disease owing to a failure in IL-18 praduction that amplifies Th1 immunity during
PCM (Calich et al., 1998; Ketelut-Carneiro et al., 2015). NLRP3 is also required for IL-1B release during
P. brasiliensis infection in vivo (Feriotti et al., 2017). However, the role of other NLRs during PCM remains
elusive.

NLRC4 is an intracellular PRR that recognizes flagellin via an NAIP-dependent mechanism (Amer et al.,
2006; Andrade and Zarmboni, 2020; Mariathasan et al., 2004; Sutterwala et al., 2007). NLRC4 inflammasome
activation is regulated by diverse factors, including bioactive lipids (Pedraza-Alva et al., 2015; Tang et al.,
2018). A recent study suggests that prostaglandin (PG) E»-EP3 receptor signaling leads to NLRC4 inflam-
masome assembly after incubation with Anaplasma phagocytophilum (Wang et al., 2016). Moreover, acti-
vation of NLRC4 inflammasome in intestinal epithelial cells coordinates innate immune responses involving
alocal PGE; release and IL-18 production (Rauch et al., 2017). Other bacterial molecules also trigger NLRC4
inflammasome activation, suggesting a broader role for this receptor beyond flagellin sensing (Miao et al,
2010; Suzuki et al., 2007). NLRC4 is necessary for IL-1B and IL-18 production and leukocyte recruitment to
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Figure 1. Pathogenic activity of NLRC4 during experimental PCM

C57BL/6 (WT) and Nircd *~ mice were intravenously infected with 1x10° viable Pb18 yeasts

(A} Line plots show the percentage of survival of WT and Nlre4™'~ mice. Animals were monitored daily for 200 days (n = 5 mice/group). **p < 0.0028 using log
rank test of one experiment.

(B) Scatterplots with bars show the fungal load in the lungs, liver, and spleen of WT and Nircd ="

mice at 30 dpi.

(C) P. brasiliensis was stained in the lungs of mice at 30 dpi using the Grocott method.

(D) Histological sections of lungs from WT and Nlrcd ™~ mice at 30 dpi using H&E staining. Bar graphs show the percentage of inflammatory infiltrate.
(E) Lung sections from WT and Nired™~ mice at 30 dpi using the picrosirius red staining. Bar graphs show the percentage of red area. All photomicrography
was analyzed using a light microscope, scale bar: 50 pm (n =9-10 WT and $-13 Nlrc4~~ Pb18-infected mice). Error bars depict mean + SD. Results represent
a pool of three independent experiments. Statistically significant differences were evaluated with unpaired t test (*p < 0.05, **p < 0.01, ***p < 0.001
compared with WT in each time point),

the oral mucosa during infection with Candida albicans (Tomalka et al., 2011). Furthermore, NLRC4 pro-
motes IL-1 receptor antagonist (IL-1Ra) production, which regulates a pathogenic NLRP3 activity during
vulvovaginal candidiasis (Borghi et al., 2015). We, therefore, hypothesized that NLRC4 deficiency would
confer susceptibility in a mouse model of PCM. Unexpectedly, NLRC4 deficiency resulted in enhanced
resistance to systemic P. brasiliensis infection. This phenotype resulted from improved NLRP3 inflamma-
some activity and robust CD8"IFN-v" T cell response in the lungs. Collectively, these data demonstrate
that NLRC4 prevents an effective NLRP3-dependent antifungal immune response during PCM.

RESULTS

NLRC4 confers susceptibility to experimental PCM

To investigate the role of NLRC4 during experimental PCM, wild-type (WT) and Nircd ’" mice were in-
fected intravenously with 1x10° Pb18 yeast cells and the survival rate was monitored for 200 days.
Compared with controls, Nirc4 ™/ mice exhibited enhanced resistance to fatal outcome (Figure 1A). Fungal
burdens were significantly lower in the lungs, liver, and spleen of Nircd * mice 30 days post infection (dpi)
(Figure 1B). Grocott staining of infected lungs confirmed this phenotype (Figure 1C). Thus, these results
suggest that despite the P. brasiliensis tropism to the lungs (Tristdo et al_, 2013), Nlrcd ™"~ mice are system-
ically resistant to P. brasiliensis infection. Thirty dpi, histopathological analyses of lungs from infected mice
demonstrated a significant reduction of the inflammatory infiltrate in Nirc4 * mice compared with controls
(Figure 1D). Collagen deposition was also reduced (Figure 1E). These data provide evidence for a patho-
genic role of NLRC4 during experimental PCM.

NLRC4 inhibits IL-1] at early stages of P. brasiliensis infection

NLRC4 inflammasome activation is crucial for IL-1p production, which has fungicidal activity against
C. albicans (Tomalka et al,, 2011). To address whether NLRC4 activation induces protection against
P. brasiliensis early after infection, WT and Nlrc4 © mice were infected and the colony-forming unit
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Figure 2. NLRC4 regulates early IL-1J release after P. brasiliensis infection

WT and Nlrc4~'~ and mice were intravenously infected with 1x10° of viable Pb18 yeasts.

{A) Scatterplots with bars show the fungal load in lung of WT and Nirc4 ™~ mice at 7 dpi. Results represent a pool of three
independent experiments.

(B) Scatterplots with bars show the guantification of IL-1B at 7 in the lungs of WT and Nircd™"~ mice.

(C) Western blotting analysis detecting IL-1p cleavage (p17) in lung homogenates from WT and Nired™~ mice at 7 dpi.
The intensities of IL-1p protein were quantified using iBright™ CL1500 Imaging System.

(D) IL-1P expression was visualized in the lungs of mice at 7 dpi from both groups using immunohistochemistry (Scale bar:
50 uM ~ left panel). Each column represents the mean + SD.

(E) Caspase-1 expression was visualized in the lungs of mice at 7 dpi from both groups using immunchistochemistry (Seale
bar: 20 uM - right panel). Each column represents the mean + 5D,

{F) Active caspase-1 (p20) was detected by Western blotting in the lungs from WT and Nlc4™" mice at 7 dpi. The
intensities of active caspase-1 were quantified using iBright™ CL1500 Imaging System.

(G) Active caspase-8 (p18) was detect by Western blotting in the lungs from WT and Nlc4™~ mice at 7 dpi. The intensities
of active caspase-8 were quantified using iBright™ CL1500 Imaging System.
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Figure 2. Continued

(H) Stacked bars show the percentage of neutrophils (Ly6G ' CD11b"), monocytes (LyaG ™, Ly6C" CD11b "), macrophages
(CD11b'F4/80 " MHC-II"), and dendritic cells (CD11¢'CD 110" MHC-II'").

(l) Contour plots show representative flow cytometric data and scatterplots with bars show the absclute numbers of
macrophages and dendritic cells gated in CD45'IL-1p" cells at 7 dpi (n = 5 infected mice per group at 7 dpi).Data
represent ane of two independent experiments (n = 3-5 infected mice per group at each time point). Data are expressed
as mean + SD. Statistically significant differences were evaluated with ANOVA followed by Banferroni’s multiple
comparisons test or unpaired t-test (*p < 0.05, **p < 0.01, ***p < 0.007).

See also Figure 51.

(CFU) was analyzed at 7 and 15 dpi. NLRC4 deficiency reduced CFU counts in the lungs at 7 dpi (Figure 2A),
but there were not significant changes at 15 dpi (see Figure S1A). In addition, we quantified IL-1p at 7, 15,
and 30 dpi. Compared with WT animals, levels of IL-16 increased in the lungs of Nirc4 /"~ mice at 7 dpi, but
there were no differences at 15 dpi (see Figure S1B) and 30 dpi (see Figure 51C). As enzyme-linked immu-
nosorbent assay detects both pro-IL-1p and cleaved IL-1p, we evaluated the presence of the active form of
IL-18 by Western blot. At 7 dpi, mature IL-1pB (p17 subunit) was abundantly found in the lungs from Pb18-
infected Nirc4 * but not from WT mice (Figure 2C). Immunohistochemical analysis confirmed these results
in situ by showing that infected Nlrc4 * animals expressed high levels of pulmonary IL-16 after 7 dpi (Fig
ure 2D). Corroborating these findings, the elevated levels of IL-16 in the lungs of Pb18-infected Nircd
mice correlated with increased caspase-1 expression (Figure ZE) and activation (Figure 2F). We previously
demonstrated caspase-8 as an additional pathway for IL-1B cleavage in response to P. brasiliensis infection
(Ketelut-Carneiro et al., 2018). Interestingly, P. brasiliensis infection also promoted caspase-8 (p18 subunit)
activation in the lungs of Nircd ¥ mice at 7 dpi (Figure 2G). Therefore, NLRC4 inhibits caspase-1 and cas-
pase-8 activation, leading to reduced IL-1B processing and subsequent uncontrolled fungal burden at an
early stage of infection.

Next, we determined the leukocyte population that produces IL-16 in Pb18-infected Nirc4 *~ mice at 7 dpi,
applying the flow cytometric gating hierarchy shown in Figure S1 D. Compared with WT animals, the fre-
quency and number of macrophages and dendritic cells (DCs) increased in the lungs of Nirc4 © mice,
but we did not observe significant changes in monocytes and neutrophils (Figure ZH and see Figure STE).
Both, macrophages and DCs were the main source of IL-1B (Figure 2| and Figure S1F). Taken together,
these data show that macrophages and DCs release IL-1B in the lungs of Nirc4 7 mice at the early stage
of P. brasiliensis infection.

NLRC4 affects the IL-18/NOS2/NO-dependent fungicidal mechanism

Because macrophages produce IL-1B during the initial stage of Pb 18 infection in the lungs of Nircd / mice,
we used bone-morrow-derived macrophages (BMDMs) to determine whether NLRC4 impacts IL-1f pro-
duction in vitro. Of note, Pb18-infected Nirc4 ¥ BMDMs increased secretion of IL-1p when compared
with WT and Nirp3 "~ BMDMs (Figure 3A). Indeed, levels of mature IL-16 (p17 subunit) were higher in su-
pernatants of Nlrcd ¥ BMDMs, whereas p17 subunit was absent in supernatants of Nlrp3 © BMDMs (Fig-
ure 3B). Tumor necrosis factor alpha secretion remained unaffected (Figure 3C). Collectively, these data
demonstrate that NLRC4 activation regulates IL-1p release after incubation of BMDMS with Pb18.

Previous studies demonstrated that IL- 1 and interferon (IFN)-y promote killing of P. brasiliensis yeast (Kur
ita et al., 2005). We also observed elevated fungal load in WT BMDMs, which decreased significantly after
pretreatment with rIFN-y (Figure 3D). Importantly, NLRC4 deficiency enhanced the fungicidal activity of
BMDMes, which was comparable with that of WT cells pretreated with rIFN-y (Figure 3D). Furthermore,
the addition of rlL-18 to WT BMDMs improved their ability to kill P. brasiliensis yeasts, whereas neutraliza-
tion of IL-1B in Nlrcd ¥ BMDMs reduced the ability of these cells to restrain fungal growth (Figure 3E).

Both IL-1B and IFN-y signaling induce the nitric oxide synthase 2 (NOS2) pathway and production of NO by
macrophages (Brummer etal., 1988; Ketelut-Carneiro et al., 2019; Lima-Junior et al., 2013). Indeed, Nlrc4 £

BMDMes incubated with Pb18, which release high levels of IL-1B, produced higher levels of NO when
compared to WT cells (Figure 3F), which was reduced after IL-1f neutralization (Figure 3G). NO has a pro-
tective role in PCM (Gonzalez et al., 2000). In accordance, higher CFU counts were detected after incubating
Pb18-infected BMDMs from both groups with aminoguanidine, an endogenous NO inhibitor (Figure 3H).
Supporting these data, we identified upregulated expression of Nos2 in the lungs of Pbl8-infected
Nircd * mice at 7 dpi (see Figures S2A and 52B). To discard the potential role of IFN-y in triggering NO
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Figure 3. NLRC4 inhibits IL-1P and NO release by BMDMs incubated with P. brasiliensis

(A and B) BMDMs (2x10° for ELISA and Griess assay or 2x10° for Western blotting) from WT, Nircd ™/~ and Nirp3 ™"~ mice were incubated at MOI 5 for 48 h. (A)
Supernatants were used to quantify levels of IL-1f by ELISA, (B) Active form of IL-1f (p17) was determined by Western blotting, WT BMDMs primed with LPS
(500ng/mL) and nigericin (20uM) were used as a positive control for the secretion of p17 subunit. The intensities of IL-1p protein were quantified using ImageJ
software.

(C) TNF-2 was quantified in cell supernatants after 48 hr

(D) BMDMs (2.5x10%) from WT and Nircd™"~ mice were pretreated with rlFN-y (50 ng/mL) overnight, followed by Pb18 incubation at MOI 25:1. After 48 h of
incubation, BMDMs were washed, lysed, and plated in BHI for quantification of fungal growth.

(E} Fungal load in WT and Nlrcd~"~ BMDMs stimulated with rlL-1f (20ng/mL) or «IL-1f (20ng/mL) overnight.

(F) Supernatants of BMDMSs from WT and Nircd™"~ cultured with rFM-y (50 ng/mL) were collected to measure the levels of nitrite by Griess method.

(G) Supernatants of WT or Nircd~~ BMDMs cultured with riL-1p [20ng/mL) or alL-1B (20ng/mL) were collectad to measure the levels of nitrite by Griess assay.
{H) Fungal growth was quantified in WT and Nlre4d™ BMDMs infected with P. brasiliensis (MOl 25:1) and cultured or not with aminoguanidine (Ag. TmM)
overnight. Data represent one of two independent experiments using triplicates. Results are expressed as mean + SD. Statistically significant differences
were evaluated with ANOVA followed by Bonferroni‘s multiple comparisons test (#) p < 0.05 compared to Nired™~ BMDMs not treated with alL-1p. (*p <
0.05, **p < 0.01, ***p < 0.001).

See also Figure 52.

synthesis at the beginning of the infection, we quantified IFN-y in lung homogenates. There were no differ-
ences inthe levels of this cytokine (see Figure 52C), indicating that NLRC4-induced IL-1B plays a role in con-
trolling fungal growth early after infection. Taken together, the data reveal that NLRC4 disrupts the IL-15/
NOS2/NO pathway in response to P. brasiliensis infection.

NLRC4-dependent PGE; suppression regulates IL-1p release during PCM

Previous studies showed that NLRP3 inflammasome is required for efficient control of P. brasiliensis infec-
tion (Feriotti et al., 2017; Ketelut-Carneiro et al., 2015; Tavares et al., 2013). Therefore, we investigated
whether NLRC4 might impact NLRP3 activity. Compared with WT mice, NLRC4 deficiency resulted in =ig-
nificant upregulation of Nirp3 at 7 and 30 dpi (Figure 4A). In addition, Nlrcd / BMDMs enhanced Nirp3
expression atter incubation with Pb18 for 2, 6, and 12 h (see Figure S3A). Because NLRC4 inhibits NLRP3
via IL-1Ra during C. albicans infection (Borghi et al, 2015), we investigated whether a similar mechanism
occurs in PB18-infected Nirc4 © mice. Similar amounts of IL-1Ra were detected in the lungs of WT and
Nlre4 “ mice at 7 and 30 dpi (see Figure S3B). Collectively, these results suggest that NLRC4 inhibits
NLRP3 inflammasome activity along the course of P. brasiliensis infection via an IL-1Ra-independent
mechanism.

Cyclooxygenase (COX)-2 is a rate-limiting enzyme for prostaglandin biosynthesis, which has been associ-
ated with NLRC4 (Rauch et al., 2017;: Sokolowska et al., 2015; von Moltke et al., 2012) and NLRP3 {Hua et al.,

iScience 24, 102548, June 25, 2021 5
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Figure 4. NLRC4-dependent PGE; suppression promotes P. brasiliensis replication

WT and Nlred ™~ mice were intravenously infected with 1x10® of viable Pb18 yeasts and the lungs were collected at 7, 15, and 30 dpi.

(A) Line plats show the kinetics of Nirp3 expression in WT and Nired~ mice befare and during 30 days of infection with Pb18.

(B) Line plots show the kinetics of Ptgs? (cyclooxygenase-2) expression in the lungs along the course of Pb18 infection. Data represent one of two

independent experiments performed with triplicates.

(C) Line plots show PGE; quantification by LC-MS5/MS5 in the lungs of mice of both groups at 7 dpi.
(D) Schematic representation of the treatment with indoemethacin.

(E) Scatterplots with bars show the quantification of PGE; by LC-MS/MS at 7 dpi.

(F) Scatterplots with bars show the quantification of IL-1p by ELISA at 7 dpi.

(G) CFU counting in the lungs from WT and Nirc4 "~ mice treated or not with indomethacin (2mg/kg) after 30 days of infection with 1x10° Pb18 yeasts. Data
represent one independent experiment {n= 3-4 WT or Nirc4™"~ control mice and n = 3-5 Nlrc4™~ indomethacin-treated mice per group and time point).
Data are expressed as mean + SD. Statistically significant differences were evaluated with ANOVA followed by Bonferrani's multiple comparisons test (*p <

0.05, **p < 0.01, **p < 0.001).
See also Figure S3.

2015; Zoccal et al., 2016) inflammasome activities. Compared with WT BMDMSs, we observed the upregu-
lation of Ptgs2 (COX-2 gene) expression in Nirc4 ” cells at 4 and 24 h of incubation with Pb18 (see Fig
ure S3C). Furthermore, Ptgs2 was also upregulated in the lungs of Nlred /™ mice after 7 days of
P. brasiliensis infection (Figure 4B). Corroborating these data, levels of PGE, increased significantly in
the lungs of Nircd ¥ mice at 7 dpi (Figure 4C) but remained similar to that of WT mice at 15 and 30 dpi
(zsee Figure 53D). To investigate whether NLRC4 impacts NLRP3 activity and resistance to infection via a
COX-2/PGE;-dependent mechanism, we pretreated BMDMSs with both a nonselective COX inhibitor (indo-
methacin) and a selective PGEZ synthase-1 inhibitor (CAY10526) before the infection. Nircd " BMDMs
incubated with Pb18B secreted significantly more IL-1B, but there was a striking reduction in IL-1B produe-
tion after indomethacin (see Figure S3E) and CAY10526 (see Figure 53F) treatment in cells from both
groups. Moreover, the selective inhibition of PGE; biosynthesis also abrogated Nlrp3 expression in
BMDMSs from both groups after 12 h of incubation with Pb18 (see Figure S3G), while the CFU counts
increased in CAY10526-treated Nirc4 © BMDMs, but not in WT cells (see Figure 53H).

To confirm that NLRC4 downregulates PGE; and this affects IL-1B production and resistance to
P. brasiliensis infection, we infected Nirc4  and WT mice and treated them with indomethacin as per
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the experimental design provided in Figure 4D. Indomethacin abrogated PGE; production (Figure 4E) and
reduced the levels of IL-1B in the lungs of Nlred " mice at 7 dpi (Figure 4F). Furthermore, we observed a
striking increase of fungal burden in the lungs of Nire4 * mice treated with indomethacin when compared
with nontreated Nirc4 * mice at 30 dpi (Figure 4G). These data indicate that NLRC4 significantly blocks
PGE; production, which is necessary for IL-1B production at 7 days after P. brasiliensis infection. Collec-
tively, these data suggest that early after infection, NLRC4 blocks PGE, biosynthesis, which is required
to enhance the transcription of Nirp3, to increase the secretion of IL-1B, and to promote a better control
of fungal replication.

To assess the biological function of PGE: in regulating fungicidal mechanisms, we pretreated WT
BMDMes with either rlFN-y or PGE,. Treatment with PGE; led to effective fungal clearance, which was
comparable with that of WT cells pretreated with rIFN-y (see Figure S3I). It has been demonstrated
that both host cells (Balderramnas et al., 2014) and P. brasiliensis itself could be a source of PGE; (Bordon
et al,, 2007). Because we detected the augment of PGE; and higher levels of IL-1B in Nlrc4™ mice in-
fected with P. brasiliensis, we next confirmed whether the IL-1B production triggered by PGE; was
because of fungal replication in the host cells. While live P. brasiliensis induced IL-1B secretion in WT
macrophages, heat-killed P. brasiliensis did not alters IL-1P levels even after addition of exogenous
PGE: (see Figure 53J). Taken together, these data confirm that live P. brasiliensis is required to induce
PGEs-dependent IL-1B release by host cells.

NLRC4 dampens CD8"T cell-mediated IFN-y response to P. brasiliensis infection

During C. albicans infection, NLRC4 activation induces IL-1p release and coordinates the development of
Th17 immunity and neutrophil recruitment {Tomalka et al, 2011). Although Th17 cells are protective during
experimental PCM (Tristao et al., 2017), there were no significant alterations on the levels of Th17-associ-
ated cytokines/chemokines in the lungs of Pb18-infected Nirc4 © mice after 30 dpi (see Figure S4A),
Instead, the levels of IL-12p40 and IL-18 were increased in the lungs of Nirc4 "~ mice at 30 dpi (Figure 5A).
Considering that IL-12 and IL-18 are potent inducers of IFN-y production, which protects against
P. brasiliensis infection (Calich et al., 1998; Ketelut-Carneiro et al., 2015), we hypothesized that higher IL-
18 production in the lungs of Nlrc4d ” mice would promote resistance toa P. brasiliensis owing to an
enhancement of Th1 immunity. Compared with controls, levels of IFN-y increased, whereas those of IL-
10 diminished in the lungs of Nirc4 * mice at 30 dpi (Figure 5B). These results suggest that NLRC4 also
inhibits NLRP3 inflammasome at later stages of P. brasiliensis infection, whereas NLRP3 activity is required
for a robust Th1 respense and IFN-y production.

After activation, NLRP3 recruits the adapter molecule ASC to trigger the assembly of inflammasome platform (Ke-
telut-Carneiro and Fitzgerald, 2020; Martinon et al., 2002). To explore whether NLRC4 indeed abrogates the pro-
tective IFN-y response via inhibition of NLRP3 activity, we infected WT and double-knockout Nircd * Asc *
mice with 1x10° viable yeast of P. brasiliensis. Compared with WT mice, Nlcd "~ Asc /"~ animals exhibited higher
CFU counts (see Figure S5A) and increased inflammatory infiltrate (see Figure S5B), but similar amounts of IFN-y
in the lungs at 30 dpi (see Figure 55C). These data support the hypothesis that an intact NLPR3 inflammasome
platform is required for the enhancement of IFN-y production by Nircd ¥ mice at later stages of
P. brasiliensis infection.

Furthermore, we explored the impact of NLRC4 over the development of the adaptive immune response
to P. brasiliensis, applying the flow cytometric gating hierarchy shown in Figure 54 B, The analysis re-
vealed similar frequencies and numbers of CD3'CD4"IFN-y" T cells in the lungs of WT and Nirc4 *

mice (Figure 5C). Importantly, both frequency and numbers of CD3'CD8'IFN-y" T cells increased signif-
icantly in the lungs of Nircd " mice (Figure 5D). Moreover, there were increased numbers of CD8’
T cells producing perforin and granzyme-B, but not granzyme-A, in the lung of Pb18-infected Nirc4 *

animals (Figure 5E). To validate these findings and establish that NLRC4 operates via inhibition of
NLRP3 inflammasome to dampen Th1 immunity, we treated P. brasiliensis-infected WT and Nircd *

mice with MCC950, a selective pharmacological inhibitor of NLRP3, as per the experimental design in
Figure 6A. As expected, MCC950-treated Nirc4 ” mice harbored more fungi (Figure 6B) and exhibited
decreased pulmonary levels of IL-18 (Figure 6C) and IFN-y (Figure 6D} in the lungs at 30 dpi. Strikingly,
the frequency of CD8'IFN-v" T cells was impaired (Figure 6E). Taken together, these data demonstrate
that NLRC4 inhibits the NLRP3 inflammasome, which in turn, mitigates the development of antifungal
CD8'IFN-y" T cell respanses.
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Figure 5. NLRC4 deficiency promotes robust CD8" T cell responses during PCM

WT and Nlrcd™" mice were intravenously infected with 1x10° viable Pb18 yeasts.

(A) Scatterplot with bars show the quantification of IL-12p40 and IL18 at 30 dpi.

(B) Scatterplot with bars show the quantification of IFN-y and IL-10 in lungs at 30 dpi.

(C) Contour plots represent flow cytometry data of CD4"IFN-y™ T cells and scatterplots with bars show the percentage
and absolute number of CDA*IFN-y* T cells.

(D) Contour plots represent flow cytometry data of CDB'IFN-v' T cells and scatterplots with bars show the percentage
and absolute number of CDBYIFN-y" T cells. Results represent a pool of three independent experiment (n = 11-14
infected mice WT or Nlrcd ).

(E} Scatterplots with bars show the absolute number of CD8' perforin*; CD8 ' granzyme-B ', and CD8' granzyme-A' T cells.
Data represent one independent experiment (n= 4-6 WT or Nire4 ™"~ mice per group). Error bars depict mean + 5D.
Statistically significant differences were evaluated with unpaired t test (*p < 0.05, **p < 0.01, ***p < 0.001).

See also Figures 54 and 55.

DISCUSSION

Our study revealed that NLRC4 confers susceptibility to experimental infection with P. brasiliensis. Nirc4

mice survived more, controlled fungal replication more efficiently and had reduced inflammatory infiltrate
and fibrosis in the lungs during later stages of infection. Compelling findings with C. albicans (Joly et al.,
2009) and Aspergillus fumigatus (lannitti et al., 2016) showed that NLRC4 inflammasome activation
dampens IL-1B production. Our study demonstrates that NLRC4 affects the activity of caspase-1 and cas-
pase-8, which correlates with low levels of IL-1 early after P. brasiliensis infection. We have demanstrated
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Figure 6. NLRC4 acts as a negative regulator of NLRP3 and affects protective Th1 responses in late stage of P. brasiliensis infection

WT and Nlrc4™" mice were intravenously infected with 1x10° of viable Pb18 yeasts and the lungs were collected at 30 dpi.

(A) Schematic representation of the treatment with MCC50 (intranasal Tmg/kg).

{B) Scatterplots with bars show the CFU counting in lungs from WT and Nircd~/~ mice treated or not with MCC950 (1 ma/kg) after 30 days of infection with
1x10° P18 yeasts,

(C and D) Scatterplots with bars show the quantification of IL-18 (C) and IFN-y (D) by ELISA in the lungs at 30dpi.

(E) Contour plots represent flow cytometry data of CD8'IFN-v " T cells and scatterplots with bars show the percentage of CD8'IFN-y" T cells in the lungs.
Data represent one independent experiment (n=4-6 WT or Nlrc4 ™~ control mice and n = 4 Nircd™'~ MCC950-treated mice per group). Data are expressed
as mean + SD. Statistically significant differences were evaluated with ANOVA followed by Bonferroni's multiple comparisons test (*p < 0.05, **p < 0.01,
= < 0.001).

previously that both caspase-1 and caspase-8 synergize with NLRP3 inflammasome and contribute to IL-15
5, 2018).

maturation and host resistance in vivo (Ketelut-Carneiro et al, 20

Interestingly, NLRC4 inflammasome activation in response to Burkholderiz pseudomallei mediates py-
roptosis, which is critical to control bacterial replication. In this study, the authors demonstrated that
Nirc4 * mice produced higher amounts of IL-1p and IL-18 as a result of reduced cell death. While IL-
1B mediated deleterious neutrophil influx to the lungs, IL-18 was required for protective IFN-y produc-
tion (Ceballos-Olvera et al., 2011). In our study, we observed significant accumulation of macrophages
and DCs in the lungs of Nlrcd " mice, which accounted for higher IL-1p production. BMDMSs from
Nire4 * mice also produced more IL-1p and NO and exhibited potent fungicidal activity against Pb18
in vitro. In concordance, fungal load was reduced in Nircd " mice at early stages of infection. It is
possible that the earlier wave of IL-1P induces NOSZ expression and increases NO production in the
lungs of Nirc4 " mice, partially controlling fungal replication until the development of a more effective
CD8'T cell-mediated IFN-y response.

Studies with A. fumigatus have suggested that NLRC4 deficiency induces upregulation of NLRP3 expres-
sion and IL-1pB production, which is associated with a lower fungal load at 14 dpi (lannitti et al, 2014). Over-
all, our data indicate that NLRC4 modulates NLRP3-dependent IL-1f production, which is tightly correlated
with expression of Ptgs2 (COX-2) and PGE, production in the lungs of Nirc4  mice. NLRP3 activation is
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mediated by two signals: the priming that increases Nirp3 and Il1b transcription and the second signal that
is triggered by pathogen-associated molecular patterns generated during microbial infection and endog-
enous danger signals (danger-associated molecular patterns) released from damaged or dying cells (Ma-
riathasan and Monack, 2007). It has been shown that PGE; increases Nirp3 and Il1b transcription via EP2/4
receptor/cyclic adenosine monophosphate/protein kinase A/NF-kB pathway (Zoccal et al., 2016}, Interest-
ingly, we found that COX-2 inhibition and reduced PGE; production accounted for diminished IL-1p pro-
duction and higher fungal burdens in Nirc4 " mice. The inhibition of COX-2 and selective inhibition of
microsomal prostaglandin E synthazse (mMPTGES-1) in BMDMs revealed that the effect on PGE. production
does not seem to be specific to Nirc4 * phenotype with IL-16 release and Nirp3 expression as a readout.
Moreover, selective inhibition of mMPTGES-1 only increased CFU counts in Pb18-infected Nirc4 /" BMDMs,
suggesting an additional role for PGE; in resistance to P. brasiliensis infection. The potent fungicidal activ-
ity of PGE; in vitro supports this hypothesis.

NLRF3 inflammasome activity promotes Th1/Th17 expansion during PCM (Feriotti et al., 2017). Interest-
ingly, while IL-1B are equally expressed by WT and Nire4 © mice at later stages of P. brasiliensis infec-
tion, sustained Nirp3 expression in this period of infection also enables higher IL-18 secretion. Consis-
tently, our group has shown that NLRP3 activation mediates IL-18 secretion at 30 dpi (Ketelut-Carneiro
et al., 2015), while caspase-11-mediated IL-1a release boosts adaptive Th17 responses (Ketelut-Carneiro
et al., 2019). Nonetheless, our data demonstrate that NLRC4 impairs the activation of the NLRP3 inflam-
masome and production of IL-18 but does not change Th17-cytokine profile in the lungs of Nire4 '~ mice

at 30dpi.

IL-18 is critical for the development of effective Th1 response to the fungus (Ketelut-Carneiro et al,, 2015;
Mencacci et al., 2000; Stuyt et al., 2002). NLRC4 inflammasome has been linked to adaptative immune re-
sponses (Deets and Vance, 2021). Indeed, NLRC4 inflammasome impacts the development of CD8' T cell
responses to bacterial infection (Theisen and Sauer, 2016). The recognition of flagellin by DCs induces IL-18
release after NLRC4 inflammasome activation to trigger IFN-y production by memory CD8' T cells (Kupz
et al., 2012). Furthermore, a recent study showed that NLRC4 negatively requlates NLRP3 activation, which
impacts the secretion of IL-18 and IFN-y during Salmonella infection (Tourlomousis et al., 2020). The in-
crease of IL-18 levels in the lung from P. brasiliensis-infected Nirc4 * mice boosted Th1 cells responses,
reflected by elevated levels of IFN-y. This cytokine profile was accompanied by increased numbers of IFN-
v-praducing CD8' T cells as well eytotoxic CD8' T cells (perforin® and granzyme-B'). Either the absence of
ASC or the pharmacological inhibition of NLRP3 inflammasome in NLRC4-deficient mice restrained IFN-y
production and reduced CD8" IFN-v" T cells in the lungs. Corroborating the major role of this lymphocyte
subset for rezistance, CD8" T depletion, but not CD4 " T cell and B cells, drives susceptibility to PCM (Chiar-
ella et al., 2007).

In conclusion, this study demonstrates a pathogenic activity for NLRC4 during P. brasiliensis infection.
NLRC4 affects NLRP3 inflammasome activity, suppressing early IL-1p-mediated fungicide mechanisms.
At later stages of infection, reduced NLRP3 inflammasome activity limits IL-18 secretion and abrogates
an effective antifungal CD8'T cell-mediated IFN-y response.

Limitations of the study

In the present study, we demonstrated that NLRC4 promotes susceptibility to experimental P. brasiliensis
infection. Mechanistically, NLRC4 inhibits PGE, production, which is required for NLRP3-inflammasome-
triggered IL-1p at the early phase of infection, while in the later phase of infection reduces IL-18 levels,
abrogates CD8" IFN-y" T cell responses, and promotes uncontrolled fungal growth. Although NLRC4
affects PGE, biosynthesis, its mechanism has to be investigated. It is possible that NLRC4 activation con-
trols Ca®'-dependent signaling (lannitti et al., 2016; Wang et al., 2016), known to promote PGE; (Zoccal
et al., 2016) and NLRP3 activation (Murakami et al., 2012). Of note, the difference of tissue colonization by
pathogenic fungi is an important point to understand the specific role of NLRC4. Because we used total
knockout mice, we were unable to reach a definitive conclusion on whether NLRC4 indeed operates at
the hematopoietic compartment, such as macrophages and DCs or its activity on non-hematopoietic
cells could actually be responsible for the reduced NLRP3 activity and susceptibility to infection in vivo.
Importantly, the malecular mechanism by which NLRC4 inhibits NLRP3 inflammasame activity still needs
to be elucidated. Future studies are required to understand how different NLR receptors interact with
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each other to protect or promote infection, which could also reveal pathogenic roles of NLRC4 in other
infections and diseases.
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Aminoguanidine hydrochloride Sigma-Aldrich Cat#19371-19-5
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Collagenase from Clostridium histolyticum Sigma-Aldrich Cat#C5138
{type IV)

Critical commercial assays

Mouse IL-1p ELISA MAX™ Standard Set BiolLegend Cat#432601
Mouse TNF-a DuoSet ELISA R&D Systems Cat#DY410
Mouse IL-12/IL-23 (p40) ELISA MAX™ Biolegend Cat#431603
Standard Set

Mouse IL-18 ELISA Kit MBL Cat#f7625
Mouse IFN-y ELISA MAX™ Standard Set BioLegend Cat#430801
Mouse IL-10 ELISA MAX™ Standard Set BioLegend Cat#431411
Mouse IL-1ra/IL-1F3 DuoSet ELISA R&D Systems Cat#DY480
Mouse IL-17 DuoSet ELISA R&D Systems Cat#DY421
Mouse IL-6 DuoSet ELISA R&D Systems Cat#D¥406
Mouse CXCL1/KC DuoSet ELISA R&D Systems Cat#DY453
Mouse CXCL2/MIP-2 DuoSet ELISA R&D Systems Cat#DY452
Pierce™ Coomassie (Bradford) Protein Assay Thermao Fisher Scientific Cat#23200
Experimental models: Cell lines

L-929 ATCC ATCC CCL-1
Experimental models: Organisms/strains

C57BL/éJ mice Jackson Laboratory 000664
MLRP3 knockout mice Mariathasan et al., 2006 NFA

MLRC4 knockout mice Lara-Tejero et al., 2006 N/A

ASC knockout mice Sutterwala et al., 2006 NFA

NLRC4 and ASC double-knockout mice This paper N/A

(Nlrcd” Asc™)

Paracoccidioides brasiliensis Pb18 strain Figueiredo et al. (1993} INFA

Oligonuclectides

Mouse Beta-Z microglobulin forward

Mouse Beta-2 microglobulin reverse
Mouse Nlrp3 forward

Mouse Nlrp3 reverse

Mouse PtgsZ2 forward

Mouse Ptgs2 reverse

Mouse iNos forward

Mouse iNos reverse

Ketelut-Cameiro et al. (2019)

Ketelut-Cameiro et al. (2019)
This article
This article
This article
This article
Ketelut-Cameiro et al. (2019)
Ketelut-Cameiro et al. (2019)

5 —CAC CCCCACTGA GACTGA TAC ATA-
3

3'-TCA CAT GTC TCG ATC CCA GTA GA-S'
5'-GCA GCG CAT CGC CTT CTATC-3'
3-CGG TGG TTG CTA GGA GAT GG-5

5 - GTG GAA AAA CCT CGT CCA GA-3'
3-GCT CGG CTT CCA GTATTG AG-5'

5" CGAAACGCT TCACTT CCAA S

3" - TGA GCC TAT ATT GCT GTG GCT-5'

Software and algorithms

Image J (v1.51)
GraphPad Prism 8.0

FlowJo software (v10.0.7)

Schneider et al. (2012)
GraphPad Software

Tree Star, Inc, Ashland, OR, USA

https://imagej.nih.gov/ij/
https://www.graphpad.com/scientific-
software/prism/

https://www.flowjo.com/solutions/flowjo/
downloads
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FACSDiva software (v8.0.1) BD Biosciences https://www.bdbiosciences.com/en-us/
instruments/research-instruments/research-
software/flow-cytometry-acquisition/facsdiva-
software

Other

iBright™ CL1500 Imaging System Thermo Fisher Scientific Cat#Ad44114

BD FACS CANTO™ || Cell Analyzer BD Bioscience https://www.bdbiosciences.com/en-us/
instruments/research-instruments/research-
cell-analyzers/facscanto-ii

TriploTOF® 5600+5ystem Sciex https://sciex.com/br/products/mass-
spectrometers/qtof-systems/tripletof-
systems/tripletof-5600-system

RESOURCE AVAILABILITY

Lead contact

Further information and requests for resources and reagents should be directed to and will be fulfilled by
the lead contact, Jodo S. Silva (jsdsilva@fmrp.usp.br).

Materials availability
This study did not generate new materials or reagents.

Data and code availability

Data codes/sets were not generated or analyzed in this study. For questions regarding the raw data from
the current study, please contact the corresponding author. All software’s used in this study are commer-
cially available.

EXPERIMENTAL MODEL AND SUBJECT DETAILS

Animals

Male 6- to 8-week-old C57BL/6 (WT) (Jackson Laboratory, stock number 000664) and Nlrcd” (Lara-Tejero
et al., 2006), Nirp3 * (Mariathasan et al., 2006) and Asc” (Sutterwala et al., 2006) mice were obtained from
the Isogenic Breading Unit at Ribeirdo Preto Medical School, USP, Brazil. All mice used in this study were in
C57BL/6 genetic background. To obtain the Nlrcd” Asc” mice (double Knockout mice), Nlrc4™ and Asc™”
knockout mice were backcrossed. All mice were maintained under specific-pathogen-free conditions and
provided food and water ad libitum, at 25°C. All experiments were approved and carried out in accordance
with the Animal Ethics Committee from Ribeirao Preto Medical School (protocaol no.046/2015).

Fungus and in vivo infection

Yeast cells of P. brasiliensis strain (Pb18) were cultured for 7 days at 36°C in Brain Heart Infusion (BHI) agar
medium supplemented with 5% fetal bovine serum (FBS) and gentamicin (100 ng/mL), as described else-
where (Figueiredo et al, 1993). To prepare the inoculum, yeasts were harvested and grown overnight under
agitation in F12 Coon's Modification medium at 37°C. For in vivo infection, yeast cells were adjusted to
1x10% in 100 uL of PBS and inoculated intravenously. At 7, 15, and 30 days post infection (dpi), mice
were euthanized for collection of organs. Survival rates were monitored for 200 days.

METHODS DETAILS

Bone-marrow-derived macrophages (BMDMs) and infection

BMDMs were generated as previously described (Marim et al, 2010). Briefly, bone marrow cells were
cultured for 7 days in RPMI supplemented with 30% L929 cell-conditioned medium and 20% FBS. BMDMs
were infected with fungi at a multiplicity of infection (MOI) of 1 or 5. BMDMs primed with 500ng/mL ultra-
pure LPS (InvivoGen, tirl-peklps) for 4 h and 20uM nigericin (Sigma-Aldrich) for 40 min were used as a pos-
itive control for inflammasome activation.
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Colony-forming units
Viable yeasts in organs from Pb18-infected mice were determined by colony-forming unit (CFU) counting.
BHI plates were incubated at 37°C for 7-14 days, and the amount of CFU per gram of tissue was calculated,

Histopathological analyses

Animals were randomly selected from each group at 30 dpi. Lung tissue was fixed with 10% formalin for 24 h
and embedded in paraffin. Sections of 5um were stained with hematoxylin and eosin (H&E) to evaluate
inflammation, impregnated with silver for fungal cell labeling (Grocott method), or stained with picrosirus
red to evaluate collagen deposition. Quantification of H&E and picrosirus stained images were estimated
with ImageJ software (V1.51) (Schneider et al,, 2012).

Immunohistochemistry

Lung sections (5um) obtained at 7 dpi were incubated with primary antibodies to IL-1p (1:250; abcam 9722),
caspase-1 (1:250; sc-1597) and nos2 (1:400; sc-650) diluted in PBS 0.01% saponin. Slides were counter-
stained with Mayer's hematoxylin counterstaining (Millipore, USA). Quantification of IL-16, caspase-T,
and NOS2 stained images were estimated with ImageJ software (V1.51) (Schneider et al., 2012).

Cytokine detection

Supernatants of BMDMs and lung-tissue homogenates were used to quantify the levels of IL-18, IL-1Rg,
TNF-a, IFN-vy, IL-6, IL-17, IL-10, IL-12p40, CXCL-1, CXCL-2 with ELISA kits from BiolLegend and R&D Sys-
temns, and IL-18 with ELISA kit from MBL®, Woburn, MA.

Western blotting

For in vivo, the lungs were removed and homogenized in RIPA buffer (Sigma-Aldrich/Merck, Darmstadt,
Germany) containing proteases inhibitor cocktail (Roche, Basel, Switzerland). Protein was quantified by
Bradford assay (Pierce™ Coomassie [Bradford] Protein Assay) (Thermo Fisher Scientific, Waltham, MA,
EUA). The supernatants were suspended with LDS Sample Buffer (4x) (Life Technologies). For in vitro,
BMDM supernatants were denatured in loading buffer containing RIPA buffer, protease inhibitor, and
LDS sample buffer (4x). Next, all samples were boiled and subjected to 4-12% SDS-polyacrylamide gel
electrophoresis (PAGE) gel. The SDS-PAGE-separated proteins, transferred to nitrocellulose membranes,
were immunoblotted with primary antibodies IL-10 (1:500; Sigma-Aldrich, St. Louis, MO, USA), caspase 1
p20 (1:500; clone 4B4, Genentech, San Francisco, CA, USA), caspase 8 (1:1000; cell singling #8592), and
beta actin (1:5000; ab8227). Specific secondary antibodies were used afterward. Proteins in the blots
were visualized by enhanced chemiluminescence using ECL (GE Healthcare). The data acquisition and
bands were densitometrically quantified using iBright'™ CL1500 Imaging System (Tharmao Fisher Scientific,
Waltham, MA, EUA) or ImageJ software (V1.51) (Schneider et al., 2012), and the results were expressed as
arbitrary units,

Quantitative real-time polymerase chain reaction

Total RNA was extracted from lung homogenates or BMDM lysates using the TRlzol reagent (Life Technol-
ogies) and the SV Total RNA Isolation System Kit (Promega®) as per the manufacturer's instructions. Com-
plementary DNA was synthesized with the High Capacity cDNA Reverse Transcription Kit (Applied
Biosystems), SYBR-Green-Mix-based real-time quantitative polymerase chain reaction (PCR) assays were
performed using the StepOnePlus Real-Time PCR System (Applied Biosystems). The mean cycle threshold
(Ct) values of triplicate measurements were used to calculate the expression of the target genes, which
were normalized to the housekeeping gene §2m and analyzed with the 7-AAC ethod. Thus, were used
for the quantitative PCR with the following primers: mouse Beta-2 microglobulin forward 5'-CAC CCC
CAC TGA GAC TGA TAC ATA-3' and reverse 3'-TCA CAT GTC TCG ATC CCA GTA GA-5' ; mouse
Nirp3 forward 5'-GCA GCG CAT CGC CTT CTA TC-3' and reverse 3-CGG TGG TTG CTA GGA GAT
GG-5'; mouse Pitgs2 forward 5'-GTG GAA AAA CCT CGT CCA GA-3' and reverse 3-GCT CGG CTT
CCA GTA TTG AG-5"; mouse iNos forward 5-CGA AAC GCT TCA CTT CCA A-3' and reverse 3'-TGA
GCC TAT ATT GCT GTG GCT-5". All primers were designed using the Primer Express software package
v2.0 (Applied Biosystems), based on the nucleotide reference sequences available at GenBank database.

iScience 24, 102548, June 25, 2021 17



¢? CellPress

OPEN ACCESS

Killing assay and NO detection

The killing activity was adapted from (Kurita et al_, 2005). Briefly, BMDMs were pretreated overnight with
50 ng/mL of recombinant IFN-y (rIFN-v; BioLegend), 20 ng/mL of recombinant IL-1f (rIL-1p ; RD 401-
ML), 20 ng/mL of a-IL-1p (BioXCell; clone B122), 1mM of aminoguanidine (Sigma-Aldrich, St. Louis, MO,
USA) or 30 min before with 1TuM of PGE; (Cayman Chemical, Ann Arbor, Michigan, USA), and 10uM of
Cay10526 (Cayman Chemical, Ann Arbor, Michigan, USA) and incubated with P. brasiliensis. To determine
the killing rate, after 48 h, the cells were lysed with saponin (0.05%) and plated in BHI. The CFUs were
counted after 7-14 days. Nitrite production in the culture supernatants of the killing assay or culture with
2.10° BMDMs from WT and Nircd”" nontreated or treated was estimated using the Griess reaction.

Lung cell isolation and flow cytometry

Lung cells were isolated as described previously (Souza et al., 2018; Tristao et al., 2017). Briefly, the lung was
digested in 1 mL of digestion buffer (2mg/mL collagenase [V [Sigma-Aldrich] and 1mg/mL DNase [Sigma-
Aldrich]). Lung {ragments were filtered with 50-pm nylon screens (BD Biosciences) and centri{uged (200g,
10 min, 4°C). Pellets were washed with lysis buffer and resuspended in RPMI with 5% FBS. Viable cells (10%)
were stimulated with 50 ng/mL PMA (Sigma-Aldrich) and 500ng/mL lonomycin and 1pL of Brefeldin A (Bio-
Legend) for 4 h at 37°C. Fixed cells (4% PB5-formalin) were permeabilized using PBS containing 1% FBS,
0.1% sodium azide, and 0.2% saponin. Staining was performed with the fluorochrome-conjugated anti-
bodies. The following antibodies were used: CD3 (1:100; clone: 145-2C11); CD4 (1:100; clone: RM4-4);
CD8 (1:100; clone: 53-6.7); CDA45 (1:100; clone: 30-F11); CD11b (1:100; clone: M1/70); CD11¢ (1:100; clone:
N418); I-A/I-E (1:100; clone: M5/114.5.2); Ly6C (1:100; clone: HK1.4); Ly6G (1:100; clone 1A8); IFN-y (1:200;
clone: XM 61.2); IL-1B (1:200; clone: NJTEN3); perforin (1:200; clone: eBioOMAK-D); granzyme B (1:200; clo-
ne:GB11); and granzyme-A (1:200; clone: 3G8.5). Antibodies were purchased from Biolegend (San Diego,
CA), eBioscience (Waltham, Massachusetts, EUA), and BD Biosciences (Franklin Lakes, New Jersey, USA).
Data acquisition was performed with a FACSCanto Il (BD Biosciences, San Diego, CA). Data were analyzed
using FlowJo software v.10.0.8 (Tree Star, Inc, Ashland, OR). Gating hierarchy is shown in Figures 51D, 51F,
and S4B.

Indomethacin treatment

The indomethacin treatment with BMDMs and P. brasilinesis-infected mice as previously described (M
chelin et al_, 2002; Zoccal et al,, 20164), respectively. Briefly, BMDMs were pretreated during 2 h with indo-
methacin (10uM) before incubation with Pb18. Mice were pretreated 1 day before and once a day after
Pb18 infection with indomethacin via intraperitoneal route (2mg/Kg). Controls were treated with indometh-
acin vehicle (Tris[hydroxymethyllaminomethane-HCl; pH 8.2). Schematic representation of the treatment
with indomethacin is shown in Figure 4D

PGE; quantification

PGEswas quantified in lung homogenates via liquid chromatography-mass spectrometry (LC-MS/MS) as
described previously (Sorgi et al, 2017). Briefly, lipids were extracted using methanol and C18 solid-phase
columns. Samples were submitted to LC-MS/MS analysis using the TripleTOF® 5600+ system (AB Sciex —
Foster, CA, USA).

MCC950 treatment

The MCC?50 (InvivoGen, San Diego, CA, USA) (NIrp3 inflammasome inhibitor) treatment in mice was
adapted from the study by Tate et al (2016). Briefly, P. brasiliensis-infected mice were treated with
MCC950 via intranasal route (Tmg/Kg, 50ul) at 15 dpi with one day interval per treatment. Controls (vehicle)
were treated with saline buffer. Schematic representation of the treatment with MCC950 is shown in
Figure 6A.

QUANTIFICATION AND STATISTICAL ANALYSIS

Statistical analysis

Data were normally distributed. Significant differences between experimental groups were evaluated with
one-way ANOVA and Bonferroni multicomparison test or student's t-test. The log-rank test (Mantel-Cox)
was used to evaluate survival curves. Error bars depict mean £ SD. Analyses were performed with Graph-

Pad Prism software v8.2.1 (GraphPad Software Inc., San Diego, CA, EUA). Statistical significance was set at
p < 0.05.
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