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Background: Innate immune responses against infectious agents can act as
triggers of inflammatory diseases. On the other hand, various pathogens have
developed mechanisms for the evasion of the immune response, based on an
inhibition of innate immunity and inflammatory responses. Inflammatory
diseases could thus be controlled through the administration of pathogens or
pathogen-derived molecules, capable of interfering with the mechanisms at the
basis of inflammation. In this framework, the NLRP3 inflammasome is an
important component in innate antimicrobial responses and a major player in
the inflammatory disease. Parasites of the genus Leishmania are master
manipulators of innate immune mechanisms, and different species have been
shown to inhibit inflammasome formation. However, the exploitation of
pathogenic Leishmania species as blockers of NLRP3-based inflammatory
diseases poses safety concerns.

Methods: To circumvent safety issues associated with pathogenic parasites, we
focused on Leishmania tarentolae, a species of Leishmania that is not infectious
to humans. Because NLRP3 typically develops in macrophages, in response to
the detection and engulfment microorganisms, we performed our experiments
on a monocyte-macrophage cell line (THP-1), either wild type or knockout for
ASC, a key component of NLRP3 formation, with determination of cytokines and
other markers of inflammation.

Results: L. tarentolae was shown to possess the capability of dampening the
formation of NLRP3 inflammasome and the consequent expression of pro-
inflammatory molecules, with minor differences compared to effects of
pathogenic Leishmania species.
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Conclusion: The non-pathogenic L. tarentolae appears a promising pro-biotic
microbe with anti-inflammatory properties or a source of immune modulating
cellular fractions or molecules, capable of interfering with the formation of the
NLRP3 inflammasome.
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1 Introduction

Human leishmaniases are a group of vector-borne infectious
diseases caused by protozoan parasites of the genus Leishmania,
which are transmitted by sand flies hematophagous insects of the
subfamily Phlebotominae (1). These diseases are widespread in the
tropical, sub-tropical, and temperate zones of the world, causing
every year an estimated one million cases of cutaneous
leishmaniasis and 90,000 cases of the visceral form of the disease
(2). Over 20 species of Leishmania cause leishmaniases in
mammalian hosts. In humans, most cases are caused by
Leishmania donovani, L. major, L. tropica, L. guyanensis, L.
braziliensis, L. mexicana, and L. infantum, with the latter being
responsible also for leishmaniasis in dogs. However, not all
Leishmania parasites infect mammals. Among others, Leishmania
tarentolae (Subgenus Sauroleishmania) infects lizards (e.g.,
Tarentola mauritanica and Podarcis siculus) and has been
studied in-depth, mainly for its potential applications in the
biotechnological and biomedical fields (3, 4). The lack of
pathogenicity of L. tarentolae toward humans has been associated
with the absence of the major virulence factor amastigote-specific
protein A2, which is responsible for parasite virulence and
visceralization in pathogenic leishmaniae (5, 6). In in vitro
experiments on mammalian macrophage cells, L. tarentolae
displayed a limited survival time (up to 24 h), and there is no
evidence for any disease caused by this parasite in humans or other
mammals (7, 8). Therefore, L. tarentolae has been classified as a
biosafety level I microorganism (9). Based on the absence of
pathogenicity in mammals, L. tarentolae has been proposed as a
vaccine platform, suitable to be exploited for the production of
recombinant antigens and for their delivery to antigen presenting
cells (10-13).

Leishmaniases typically cause immune-mediated disorders
(e.g., immune-complex-associated pathology), in which the first
interactions of the parasite with cells and receptors of innate
immunity play a role into the outcome of the infection (14). Nod-
like receptor (NLR) family proteins are crucial sensors of
microorganisms in innate immunity. Detection of microbial
pathogens by NLRs can be direct, through the interaction with
pathogen-associated molecular patterns (PAMPs), such as
flagellin and peptidoglycan-associated residues, or indirect,
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through the sensing of signals of cellular damage or stress.
Among all NLRs, the NLR pyrin domain-containing 3 protein
(NLRP3) is the best characterized. NLRP3 is a key component of a
multimolecular structure, known as the NLRP3 inflammasome.
Multiple steps are required for the formation of this
inflammasome. The activation of the NLRP3 protein induces the
assembling of the corresponding inflammasome complex (NLRP3
inflammasome), which also contains the adaptor protein ASC
[apoptosis-associated speck-like protein containing C-terminal
caspase recruitment domain (CARD)] and an active caspase site.
This process requires that procaspase proteins are converted into
active forms. This involves the activation of procaspase-1 in the
so-called canonical inflammasome formation or the activation of
procaspase-11 (in mice) or procaspase-4,5 (in humans) in non-
canonical inflammasome formation (15). Two signals are required
to determine a complete NLRP3 inflammasome formation and
then interleukin-1f (IL-1f) and/or IL-18 secretion. The first one is
called priming and induces the expression of the precursors of
inflammatory cytokines: pro-IL-1f and pro-IL-18. This process
can be triggered by the binding of PAMPs to Toll-Like Receptor 2
(TLR2) and Toll-Like Receptor 4 (TLR4), with induction of
transcription nuclear factor-xB (NF-kB). A second signal is
then required, to complete the assembly of the NLRP3
inflammasome complex. This involves the sensing of ion flux,
ATP, or uric acid, and/or other signs of cellular damage or
dysfunction, such as reactive oxygen species. This second signal
plays a role in the assembly of the multimolecular complex that
comprises ASC and the caspase enzyme, which then determines
the cleavage of pro-IL-1f and pro-IL-18 into their bioactive,
mature, inflammatory cytokines, and the cleavage of gasdermin D
(GSDMD) (16). The N-terminal domain of GSDMD (p30)
determines the formation of pores in the plasma membrane,
which are associated with an inflammatory form of cell death
called pyroptosis (17, 18) that facilitates the release of IL-1B and
IL-18.

In response to Leishmania, the inflammasome activation
involves multiple steps: 1) Leishmania is detected by the Dectin-1
receptor and other C-type Lectin receptors; 2) this induces the
production of Reactive oxygen species (ROS) via the syk kinase; and
3) ROS finally determine NLRP3 activation (19). A non-canonical
activation of NLRP3 by the Leishmania lipophosphoglycan (LPG),

frontiersin.org


https://doi.org/10.3389/fimmu.2024.1298275
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

La Rosa et al.

which triggers mice caspase-11 and human caspase 4/5, has been
described as well (20).

To allow the establishment of successful infection, nevertheless,
Leishmania cells downregulate inflammasome activation to
promote their own survival. L. donovani-mediated inhibition of
the NLRP3 inflammasome was shown to be mediated by two
different negative regulators, A20 and UCP2 (mitochondrial
uncoupling protein 2). A reduced expression of these proteins
results in the control of Leishmania infection in mice (21).
Another protein with an important role in suppressing NLRP3
inflammasome activation is the metalloprotease GP63, which
inhibits the formation of inflammasome through NLRP3 cleavage
(22). A study showed that L. infantum dampens NLRP3-activation,
reducing IL-18 release and ASC-speck formation, thus favoring an
anti-inflammatory milieu (23).

The capability of Leishmania spp. to dampen NLRP3
inflammasome formation suggests that these microorganisms
might be investigated for their therapeutic potential, in the area
of inflammation-based diseases, similarly to parasitic nematodes,
that have been proposed as agents to cure immune-mediated
disorders (24, 25). However, the use of pathogenic Leishmania
species as potential therapeutic agents (or as source of therapeutic
molecules) poses safety issues at different levels, from the preclinical
to the clinical research phases and applications. To avoid these
problems, we investigated the immunomodulatory effects of L.
tarentolae, in in vitro experiments aimed at determining whether
this non-pathogenic microorganism is capable of dampening
NLRP3 activation, similarly to pathogenic species.

2 Materials and methods

2.1 Cells

Human leukemic cell line (THP-1) wild-type (WT) (IZSLER,
Istituto Zooprofilattico Sperimentale della Lombardia e del’Emilia
Romagna, IT) and ASC knockout (KO) THP-1 cells (Invogen, San
Diego, USA) were maintained in Roswell Park Memorial Institute
medium (RPMI 1640) (EuroClone, Pero, Italy) supplemented with
10% heat-inactivated fetal bovine serum (FBS) (EuroClone), 1%
glutamine (EuroClone), 1% penicillin-streptomycin (EuroClone),
and Normocin (100 pg/mL) at 37°C in 5% CO,. Culture medium
was changed three times a week. Cells were seeded in 12-well plates
(5 x 10° cells per well); in order to achieve differentiation into
macrophages (THP-1-derived Macrophage_dM), phorbol 12-
myristate 13-acetate (PMA; 10 ng/mL; Sigma-Aldrich, St. Louis,
USA) was added to the wells for 12 h at 37°C in 5% CO,.

2.2 Parasite culture

Three strains of L. tarentolae were tested in this study: i) L.
tarentolae laboratory strain P10 (Lt-P10) (Jena Bioscience); this
commercial strain was derived from the L. tarentolae (TAR) strain,
which was isolated from the gecko Tarentola mauritanica in 1921,
and has thus been maintained in laboratory for over 80 years; ii)
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RTAR/IT/21/RI325, isolated from the gecko T. mauritanica (Lt-
RI325) (26); and iii) ISER/IT/21/SF178 (Lt-W), isolated from a
female sand fly Sergentomyia minuta (26). The latter two strains
had thus been maintained in the laboratory for less than 2 years. As
detailed in the Results section, in a first phase of the study, the
experiments were performed using the three strains. Because we did
not observe any significant difference between the results obtained
with the different strains, we concluded our study only on the
commercial Lt-P10 strain.

Lt-P10 promastigotes were cultured in Brain Heart Infusion
liquid medium (Sigma-Aldrich, St. Louis, USA) supplemented with
porcine hemin (5 pg/mL; Jena Bioscience, Jena, Germany) and 1%
penicillin-streptomycin (EuroClone) at 26°C in the dark and under
aerated condition. Lt-RI325 and Lt-W promastigotes were
maintained in Schneider’s Drosophila medium (ThermoFisher,
MA, USA) supplemented with 10% heat-inactivated FBS and 1%
penicillin-streptomycin (EuroClone) at 26°C under aerated
condition. For culture maintenance, Leishmania strains were
diluted into fresh medium twice a week.

2.3 THP-1 infection

THP-1-derived macrophage cells (THP-1dM) (5 x 10° cells per
well) were incubated with stationary phase L. tarentolae
promastigotes (10 parasites: one cell) for 4 h at 37°C, 5% CO,
to allow Leishmania internalization (8). Non-internalized
promastigotes were removed with two washes with Phosphate-
buffered saline (PBS); cells were then incubated for 24 h in medium
supplemented with lipopolysaccharide (LPS) (10 ng/mL) (Sigma-
Aldrich) plus Nigericin (Nig) (1.34 uM) (Invivogen, USA). At the
end of incubation, THP-1dM cells were washed with PBS, harvested
by adding 60 pL per well of Accutase (Capricorn Scientific,
Ebsdorfergrund, Germany) for 10 min at room temperature (RT)
and centrifuged for 10 min at 1,500 rcf. The collected pellet has been
used for RNA extraction and for imaging flow analysis (see below).
Supernatants of cell culture were collected and frozen at —80°C.

Quantification of lactate dehydrogenase (LDH) released into
the medium of cultured cells was effected on WT THP-1dMs, as a
proxy of the cellular damages potentially associated with the
infection by different Leishmania strains. LDH activity was
measured in supernatants by LDH assay kit (cod: ab102526)
(Abcam, Cambridge, UK), on THP-1 WT and KO cells according
to the manufacturer’s recommendations. Measure output was
recorded immediately at optical density (OD) of 450 nm on a
microplate reader in a kinetic mode choosing two time points (OD
at T2-OD at T1) in a linear range. Activity of LDH in the test
samples was calculated as: LDH Acitivity = (B/AT x V) % D = nmol
min | | ml = mU mL /, where B = amount of NADH in sample well
calculated from standard curve (nmol), T = reaction time (min) T2-
T1, V = original sample volume added into the reaction well (mL),
D = sample dilution factor, NADH molecular weight = 763 g/mol,
and one-unit LDH = amount of enzyme that catalyzes the
conversion of lactate to pyruvate to generate 1.0 umol of NADH
per minute at pH 8.8 at 37°C. LDH internal positive control
was included.
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In order to evaluate the capability of L. tarentolae strains to be
phagocytosed by THP-1 macrophages after 4 h, cells were collected,
washed with PBS, and finally cytocentrifuged (Cytospin, Hettich,
Kirchlengern, Germany) on a slide according to (13). Cells were
then fixed with methanol and stained with Giemsa solution (Sigma-
Aldrich). The number of infected macrophages per 100 cells
counted has been obtained after observation of ten areas of two
slides per treatment with an optical microscope (100x).

2.4 RNA extraction and
reverse transcription

Total RNA was extracted from unstimulated or infected THP-1
cells (5 x 10° cells per well) (see above) using a column-based kit
(miRNeasy Mini Kit, Qiagen GmbH, Hilden, Germany) according
to the manufacturer’s protocol. RNA concentration was determined
by a spectrophotometer (Nanoview plusTM, GE Healthcare, Little
Chalfont, UK). Purity was determined as the 260/230 nm
absorbance ratio by spectrophotometer (GE NanoVue Plus,
LabMakelaar Be JE Zevenhuizen (ZH) Nederland), with the
expected values between the range of 1.8 and 2.0 (see
Supplementary Table 1). RNA was treated with TURBO DNA-
free DNAse (Ambion Inc., Austin, TX, US) and was quantified by
Qubit (ThermoFisher Scientific). One microgram of RNA was
reverse-transcribed into first-strand ¢cDNA using an RT2 First
Strand kit (Qiagen, Hilden, Germany) according to the
manufacturer’s instructions.

2.5 Quantitative real-time RT-PCR

All primers (NLRP3, ASC, caspase-1, caspase-5, caspase-8, IL-
1B, and IL-18) (Qiagen GmbH, Hilden, Germany) were cDNA-
specific. Samples were evaluated for glyceraldehyde 3-phosphate-
dehydrogenase (GAPDH) expression by real-time PCR to test the
quality of RNA. Results were expressed as AACt (where Ct is the
cycle threshold) and are presented as ratios between the target gene
and the GAPDH housekeeping mRNA. A Bio-Rad CFX Real-Time
PCR instrument (Bio-Rad, Hercules, California, USA) with RT2
SYBR Green qPCR mastermix (Qiagen) was used to perform
quantitative PCR (qPCR). Results are expressed as the fold
changes between stimulated/unstimulated condition. Heat maps
were generated and genes hierarchically clustered by Euclidean
distance and single linkage using TIGR MultiExperiment Viewer
(MeV) v4.9.

2.6 Image stream analysis by
FlowSight AMNIS

THP-1dM cells incubated with Leishmania strains and
stimulated with LPS + Nig were collected and labeled for imaging
flow analysis. Briefly, cells were permeabilized with 100 uL of
Saponine in PBS (0.1%) (Life Science VWR, Lutterworth, UK)
and stained with 3 puL (25 pg/mL) of PE-anti human ASC
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(BioLegend, San Diego, USA) for 1 h at RT in the dark. Cells
were then washed with PBS, centrifuged at 1,500 rcf for 10 min,
fixed with 60 pL of paraformaldehyde (PFA) in PBS (1%) (BDH,
UK), and stored at 4°C until FlowSight AMNIS analyses.

The analysis of ASC speck formation was analyzed by IDEAS
analysis software (Cytek Biosciences, Fremont, California) as
previously described (27); ASC expression was performed by
internalization feature utilizing a mask representing the whole
cell, defined by the bright-field (BF) image, and an internal mask
defined by eroding the whole cell mask. The same mask of
internalization allows the differentiation of diffuse or spot speck
fluorescence inside the cells. Specifically, threshold mask was used
to separate all ASC-positive cells in “ASC-speck spot cells” or “ASC-
diftuse cells” by the different diameter of the spot area: in ASC-speck
spot cells, the spot shows a small area and high max pixel, differently
from ASC-diffuse cells.

2.7 ASC expression by
immunofluorescence assays

ASC expression and Leishmania internalization were
simultaneously determined by immunofluorescence after 24 h of
infection. THP-1dM cells incubated with Lt-P10 and stimulated
with LPS + Nig were collected, cytocentrifuged on a slide, fixed with
PFA in PBS (1%) (BDH, UK), and stained with phycoerythrin (PE)
anti-human ASC mAb (25 ug/mL, BioLegend) and 1 uL of mouse
anti-Leishmania AD in a solution of Saponine in PBS (0.1%) (Life
Science VWR) for 1 h at RT in the dark. After two PBS washes, an
Alexa Fluor 488-conjugated anti-mouse Immunoglobulin G (IgG)
secondary Ab 1:1000 (ThermoFisher) was added for 1 h at RT. Cells
were then mounted with ProLong Gold Antifade Mountant with
4,6-Diamidino-2-Phenylindole (DAPI; Invitrogen), covered with a
coverslip and observed under a fluorescence microscopy Leica
DMi8 with Thunder imaging systems with 40x objective.

2.8 Cytokine and caspase quantification

Simple Plex Assays for IL-18 (SPCKB-PS-000501), IL-1B
(SPCKB-PS-000216), and caspase-1 (p20 subunit) (SPCKB-PS-
003613) were run by automated immunoassay system (ELLA)
(Biotech, Italy), a microfluidic cartridge that automatizes all steps
of the immunoassay. Supernatants collected by stimulated and
unstimulated cell culture were centrifuged to remove particulates
and analyzed according to the manufacturer’s instruction. Each
cartridge is composed of channels that contain glass nanoreactors
(GNRs), which are the core of a Simple Plex immunoassay. Each
channel of the cartridge contains three GNRs coated with a capture
antibody to obtain triplicates. The limit of detection (LOD) was as
follows: ASC, 1.95 pg/mL; IL-1p, 0.064 pg/mL; IL-18, 0.2 pg/mL;
and caspase-1, 0.04 pg/mL. LOD was calculated by adding three
standard deviations (SDs) to the mean background signal
determined from multiple runs.

Caspase-5 (cod: MBS094264) and caspase-8 (cod MBS260539)
(MyBioSource, Inc.) were measured by sandwich immunoassays
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(ELISA) according to the manufacturer’s recommendations
(MyBioSource, Inc., San Diego CA). A plate reader (Sunrise,
Tecan, Mannedorf, CH) was used, and ODs were determined at
450/620nm. All experiments were performed in triplicates.

2.9 Immunofluorescent staining and
analysis by flow cytometry

For the analysis of cytokine-secreting or intracellular protein-
expressing cells, THP-1dMs were incubated with Leishmania for
4 h; then, the cells were incubated for 24 h with stimuli. Then, the
cells were washed and fixed (Fix and Perm cell permeabilization
kits; Caltag Laboratories, Burlingame, CA, USA) for 15 min at RT in
the dark. Cells were then washed and resuspended in
permeabilization reagent (Fix and Perm kits) with Tumour
Necrosis Factor-alpha (TNF-o), Transforming growth factor-beta
(TGF-B) IL-10-, IL-2-, and IL-6-specific mAbs and incubated for
1 h at RT in the dark. Cells were then washed with PBS, centrifuged
at 1,500 rcf for 10 min, fixed with 400 UL of PFA in PBS (1%) (BDH,
UK), and stored at 4°C until analyses.

The following mAbs were used in this study: PE-labeled anti-
human anti-TNF-o—carboxyfluo-rescein (clone 6401, mouse IgGl,
R&D Systems), PE-labeled anti-human IL-2 (clone 5334, mouse
IgGl, R&D Systems), PE-labeled anti-human IL-6 (clonel936,
mouse IgG2B, R&D Systems), PE-labeled anti-human IL-10
(clone JES3-19F1, rat, BD Biosciences), and allophycocyanin-
labeled anti-human TGF-b (clone 27232, mouse IgGl,
R&D Systems).

Analyses were performed using a Beckman-Coulter GALLIOS
flow cytometer equipped with a 22-mW Blue Solid-State Diode
laser operating at 488 nm and with a 25-mW Red Solid State Diode
laser operating at 638 nm and interfaced with Kaluza analysis
software. Flow cytometry compensation was performed using the
fluorescence-minus-one (FMO) control approach. Briefly, all
antibody conjugates in the experiment are included except the
one that is controlled for. The FMO measures the spread of
fluorescence from the other staining parameters into the channel
of interest, determining the threshold for positive staining.

2.10 Statistical analysis

Kolmogorov-Smirnov test was used to verify the normal
distribution of the data. Parametric analysis of variance (one-way
ANOVA) was initially performed to evaluate Leishmania
phagocytosis, cytokines, caspase, LDH production, and percentage
of ASC-speck-positive cells. Two-tailed paired t-test was performed
for gene expression analyses and protein detection by flow
cytometry. Results of ANOVA models are shown in the figures as
means and SDs. Post-hoc comparisons were run using t-tests with
Tukey’s honestly significant difference procedure. Data analysis was
performed by MEDCALC software (v.14.10.2, Ostend, Belgium)
statistical packages. Graphs were obtained using Graph-pad (8.4
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version). Results were considered to be statistically significant if
surviving the p < 0.05 threshold.

3 Results

3.1 Leishmania internalization by WT THP-
1dMs and KO THP-1dM cells

The capability of L. tarentolae strains to be internalized by WT
THP-1dM cells was evaluated in experiments of co-incubation. WT
THP-1dM cells were infected with parasites at a Multiplicity of
Infection (MOI) of 10 (10 parasites: one THP-1) for 4 h (these
parameters were defined in preliminary experiments and according
to published protocols). At the end of the 4 h, cells were collected, and
Giemsa smears were prepared in order to calculate the infection rate.
All the strains were efficiently phagocytosed, with internalized
promastigotes of Leishmania being clearly visible inside WT THP-
1dM cells (Figure 1A, Supplementary Figures 1A-C). The infection
rate expressed as the percentage of cells with at least one intracellular
Leishmania was determined for each strain and corresponded to 44%,
36%, and 33%, respectively, for Lt-P10, Lt-RI325, and Lt-W, with no
significant differences between strains (Supplementary Figure 1D).
The phagocytosis of Leishmania was also tested on KO THP-1 cells,
but, because no differences were observed between the three
strains on WT THP-1, we decided to evaluate this parameter using
the Lt-P10 strain alone. Results showed that Lt-P10 internalization by
KO THP-1dM cells was 41%, a percentage comparable to that
obtained with WT THP-1dM cells (Supplementary Figure 1D,
Figure 1B). The choice to focus the experiments only on Lt-P10
strain was also motivated by the fact that this strain, unlike the others
(Lt-RI325, Lt-W) isolated in the field, is a commercial strain that has
been widely available for years. Additionally, the Lt-P10 strain has
already been used for different biotechnological applications, and,
therefore, there is a more detailed bibliography, available protocols
and sequenced genome, compared to more recent strains isolated in
the field.

As a proxy of the cellular damages potentially associated with
infection by different Leishmania strains, a LDH assay was effected
on WT THP-1dM cells co-incubated with Lt-P10, Lt-RI325, and Lt-
W. No significant differences in LDH release were observed between
Leishmania co-incubated cells compared to control, uninfected
cells, suggesting that in vitro Leishmania infection does not cause
cellular damage in our experimental setting (Supplementary
Figure 1E). The same test was also performed on KO THP-1 cells
co-incubated with Lt-P10 strain. A higher percentage of LDH
release was observed when the cells were infected with Lt-P10
compared with other stimuli, but the difference is not statistically
significant (Figure 1C). In these assays, LDH release in control cells,
stimulated with LPS + Nig, was rather limited, as compared to
results reported in the literature [e.g (28)]. This can be explained
considering the differences in the experimental settings: cells used in
the experiments; concentration of the stimulating molecules (LPS
and Nig); substrate used in LDH determination; etc.
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FIGURE 1

Phagocytosis of L. tarentolae—P10 strain by THP-1 cells after 4 h of incubation. THP-1 WT and THP-1 KO macrophages were incubated with Lt-P10
at 1:10 ratio (THP-1:Leishmania) for 4 h. Cells were then fixed, stained with Giemsa solution, and observed under an optical microscope (100x).
Giemsa smears of Lt-P10 incubated with THP-1 WT (A) and with THP-1 KO (B) are shown. Red arrows indicate internalized promastigotes inside the
cells. Bar, 10 um. Quantification of lactate dehydrogenase (LDH) released by THP-1 WT or THP-1 ASC-KO cells was carried out on uninfected cells,
cells infected with Lt-P10 strain, and uninfected cells stimulated with LPS + Nig (C). Results are expressed as a percentage of internal LDH positive
control (PC). Bars show mean + SD. No significant differences were observed (p > 0.05).

3.2 Inflammasome related genes in L.
tarentolae—infected WT THP-1dMs and KO
THP-1dM cells

To investigate the expression of genes associated with activation
of NLRP3 inflammasome after infection with L. tarentolae, a co-
incubation experiment has been carried out. Parasites were
incubated with macrophages for 4 h and stimulated with LPS +
Nig as described above. Then, cell pellets were collected for RNA
extraction. NLRP3, ASC, IL-1f, IL-18, caspase-1, and caspase-8
mRNA expression was evaluated as fold change between target
genes and the housekeeping gene (GAPDH). Data obtained on WT
THP-1dM cells that had been Lt-P10-infected and LPS + Nig-
stimulated showed that L. tarentolae infection results in a significant
reduction of NLRP3, caspase-1, and IL-18 mRNA (p = 0.048, p =
0.03, and p = 0.03, respectively) compared to results obtained in
cells that had not been infected (Figures 2A, B).

No significant differences between the two culture systems (LPS
+ Nig stimulation in the presence/absence of infection) were
observed for IL-1f and ASC mRNA expression. In contrast with
these results, caspase-8 mRNA expression was increased by L.
tarentolae infection (Figures 2A, B). As regards NLRP3, IL-1,
IL-18, caspase-1, and caspase-8 mRNA expression in ASC KO
THP-dM cells, no differences were observed between unstimulated
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and LPS + Nig-stimulated in the presence/absence of infection
(data not shown).

3.3 ASC-specks formation in response to L.
tarentolae infection in WT THP-1dM cells

Activation of all inflammasomes requires caspase-1 to be
triggered by ASC, generating a large protein complex, which is
termed “speck.” ASC specks can be observed as “spots” and reach a
size of around 1 pum; in most cells, only one speck forms upon
inflammasome activation.

Results showed that ASC-speck formation was significantly
reduced when THP-1 cells, incubated with Lt-P10 and stimulated
with LPS + Nig, were compared to LPS + Nig-stimulated but
uninfected cell cultures (percentage of cells containing spots: 9.81%
vs. 45.62%; p = 0.001) (Figure 3A). Same results were obtained in
parallel experiments using two other strains: Lt-RI325 and Lt-W
(Supplementary Figure 2). These results confirmed the ability of L.
tarentolae to dampen inflammasome activation. ASC-speck and
ASC-diffuse images collected by AMNIS FlowSight representing
WT THP-1dM cells stimulated with LPS + Nig and infected are
shown in Figures 3B, C. In addition, the simultaneous detection of
ASC expression and Leishmania cells after infection of THP-1
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NLRP3 inflammasome gene expression evaluated in THP-1 cells stimulated with LPS + Nig in the presence/absence of L. tarentolae P10. THP-1 cells
were incubated with Lt-P10 for 4 h at 1:10 ratio and then treated with LPS + Nig for 24 h, and, then, the pellet was collected for RNA extraction. IL-
1B, IL-18, caspase-1, NLRP3, ASC, and caspase-8 mRNA expression calculated relative to GAPDH housekeeping gene is shown. Heat maps of log2
fold using changes (software analysis by TIGR MultiExperiment Viewer (MeV) v4.9) are presented (A). Bars show mean + SD. Results are indicated as
fold change expression from the unstimulated samples of three independent experiments (B). Statistical significance differences are indicated

*p < 0.05.

macrophages was carried out by immunofluorescence. As shown in
Supplementary Figure 3A, when the cells were stimulated with LPS +
Nig in the presence of the parasite, they mainly showed an ASC-
diffuse pattern; on the contrary, when the cells were stimulated with
only LPS + Nig, ASC specks were observed as red “spots”
(Supplementary Figure 3B). Therefore, Lt-P10 markedly reduced
the ASC-specks formation in response to stimulation with LPS + Nig.

3.4 Inflammasome-associated cytokines
and caspase-1 in WT L. tarentolae-infected
THP-1dMs and KO THP-1dM cells

IL-1B, IL-18, and active caspase-1 were quantified by Automated
Immunoassay System (ELLA) in the supernatants of LPS + Nig-
stimulated and Lt-P10-infected or uninfected THP-1dMs WT cells.
In LPS + Nig-stimulated WT THP-1dM cells, L. tarentolae infection
resulted in a significant reduction (p = 0.01) of caspase-1 production,
whereas that of IL-1f3 was increased (Figure 4A). IL-18 production
was slightly reduced as well upon L. tarentolae infection, although
differences did not reach statistical significance (Figure 4A).
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In KO THP-1dM cells, production of active caspase-1 was
significantly reduced by Lt-P10 infection (p = 0.004), whereas IL-
1P production was increased, although not significantly (Figure 4B).
Notably, IL-1B production was significantly reduced in Lt-P10 +
LPS + Nig-stimulated THP-1dM KO compared to WT THP-1dM
cells (p = 0.0001) (Figure 4C). Also, for IL-18 and caspase-1, there is
a statistically significant reduction comparing WT THP-1 and KO
THP-1 cells after infection with Lt-P10 (Figures 4D, E). Finally,
human caspase-5 and caspase-8 production was evaluated by ELISA
in supernatants of cells. The concentration of both proteins was
below the limit of detection in WT THP-1dMs and in KO THP-
1dMs in all experimental conditions (data not shown).

3.5 Cytokine production in L. tarentolae—
infected WT THP-1dMs and KO THP-
1dM cells

TGF-B-, IL-10-, IL-2-, IL-6- and TNF-0o-producing immune

cells were examined by flow cytometry in WT THP-1dMs and in
KO THP-1dM cells that were LPS + Nig-stimulated and Lt-P10-
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ASC formation in THP-1-derived macrophages. Wild-type cells were incubated with Lt-P10 for 4 h at 1:10 ratio, and, then, the cells were stimulated
with LPS + Nig for 24 h. Cells were collected and ASC-PE—-stained. The percentage of positive cells for ASC-speck formation in THP-1dM WT cells
uninfected or incubated with Lt-P10 and treated with or without LPS + Nig is shown in the graph (A). Data are representative of three independent
experiments and expressed as mean + SD. Statistical significance differences are indicated. **p < 0.01. Identification of ASC-speck cells (B) and ASC-
diffuse cells (C) are shown in the picture. The first column shows cells in bright field (BF), the second column shows ASC-PE fluorescence, and the
third column shows fluorescence of ASC merged with BF (IDEA software). The percentage of ASC-speck—positive cells was performed using the
same mask of internalization feature differentiating spot (speck) or diffuse fluorescence inside of cells (DF): threshold mask was used to separate all
ASC-positive cells population in ASC-speck spot cells or ASC-diffuse cells by the different diameter of the spot area. In ASC-speck cell, the spot
shows a small area and high max pixel; conversely, in ASC-diffuse cell, the fluorescence shows a large area and low max pixel.

infected or uninfected. In WT THP-1dM cells, L. tarentolae
infection resulted in a significant reduction of TGF-§ (p = 0.01)
and IL-6 (p = 0.03) production, whereas that of TNF (p = 0.03) and
IL-2 (p = 0.01) was significantly increased. IL-10 production does
not change upon infection (Figures 5A, C-G).

In KO THP-1dM cells, Lt-P10 infection induced a significant
increase of IL-10 (p = 0.02) and a significant reduction of IL-2
(p = 0.03); TGF-B production was only marginally modified
(Figures 5B, C-G). Representative histograms were shown in
supplementary materials (Supplementary Figures 4, 5).

4 Discussion

Several studies have investigated the mechanisms involved in
the development of protective immunity in Leishmania spp.
infections. Indeed, the identification and description of immune
correlates of protection in leishmaniases is important, as it would
possibly lead to the design of novel strategies to formulate vaccines
and immune-therapeutics against Leishmania infections (29). In
this context, the possible connection between Leishmania infection
and the activation or inhibition of NLRP3 inflammasome formation
has been investigated for pathogenic species (19-22).

Notably, the capability of Leishmania spp. to downregulate the
NLRP3 inflammasome activation could be extremely important
from a therapeutic point of view, as excessive inflammasome
activation has been shown to play a key role in the pathogenesis
of several diseases in humans (30-42). Humans, of course, cannot
be infected with pathogenic Leishmania species, in order to contain
inflammation. However, the administration of Leishmania strains
that are not pathogenic to humans (or derived molecules or
fractions) could be hypothesized, in inflammatory conditions. To
this end, we determined whether strains belonging to a non-
pathogenic Leishmania species could downregulate NLRP3
activation and the subsequent inflammatory response in human
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cells. The use of L. tarentolae to dampen the NLR signaling pathway
might lead to practical applications, as this species is already
investigated as a vaccine platform and as source of molecules
suitable to be administered to humans and animals (3, 4). In
the current study, the effect of L. tarentolae on the NLRP3
inflammasome activation has been investigated using the human
monocyte cell line THP-1 both WT and KO for ASC. In particular,
both WT and KO THP-1 cells, differentiated into macrophages,
were exposed to three strains of L. tarentolae (two field-isolated
strains and one laboratory strain), after stimulation with LPS + Nig.

L. tarentolae has already been shown to be suitable to be
phagocyted by human dendritic cells (13); our results indicate
that this parasite can also be engulfed by THP-1-derived
macrophage cells, in coherence with previous results with L.
infantum on the same cell line (22), or in monocyte-derived,
canine macrophages (43); in addition, L. tarentolae has also been
shown to be phagocyted by canine macrophages (44). Notably, in
WT THP-1-derived macrophages, the percentage of ASC-speck-
positive cells was significantly reduced upon L. tarentolae infection.
This resulted in a reduced production of inflammatory protein
caspase-1 downstream of inflammasome activation. As for IL-18
production by WT THP-1 cells infected with Lt-P10, cytokine in
supernatant showed a reduction that was not significant. Reduction
of IL-18 expression was, however, significant at the level of the
mRNA. The classic assembly of NLRP3 inflammasome takes place
after the recognition of PAMPs and danger-associated molecular
patterns and occurs in two steps: 1) a priming signal that can be
induced by Toll-like receptors and leads to NF-xB activation,
resulting in the upregulation of the inflammasome components
pro-IL-1P, sensors, and caspase-1 (45-47); and 2) a second signal
that allows the NLRs oligomerization following the assembly of
NLR, ASC, and caspase-1, with the consequent cleavage of pro-IL-
1B and pro-IL-18. Human monocytes can also use an alternative
NLRP3 inflammasome activation pathway that proceeds in the
absence of signal 2 activation and enables IL-1[3 secretion in the
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Cytokines and caspase-1 measured by immunoassay. Quantification of IL-1, IL-18, and caspase-1 production in LPS + Nig-stimulated THP-1dM WT
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performed by ELLA platform. Briefly, THP-1-derived macrophage cells were incubated with L. tarentolae promastigotes (10 parasites: one cell) for

4 h at 37°C to allow Leishmania internalization; cells were then incubated for 24 h, in medium supplemented with lipopolysaccharide (LPS) (10 ng/
mL) plus Nigericin (Nig) (1.34 uM). Graphs related to each single cytokine comparing THP-1dM WT cells and THP-1dM KO cells are shown (C—E).

Data are representative of three independent experiments and expressed as mean + SD. Statistical significance differences are indicated. *p < 0.05,
**p < 0.01, and ****p < 0.0001
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Immunity-associated factor quantification in WT and ASC-KO THP-1dMs. The percentage of TGF-—, IL-10—, IL-2—, IL-6—, and TNF—expressing
cells was determined by flow cytometry (Kaluza analysis software) in WT (A) and ASC-KO (B) cells. THP-1dMs were stimulated for 24 h with LPS +
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cytokine comparing THP-1dM WT cells and THP-1dM KO cells are shown (C—G). Data are representative of three independent experiments and are
expressed as mean + SD. Statistical significance differences are indicated. *p < 0.05 and **p < 0.01.
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absence of caspase-1 triggering. In this case, NLRP3 signaling relies
on caspase-8, and the final result is inflammasome activation
without pyroptosome formation (48). Notably, in this case,
caspase-8 activation can also induce IL-1B maturation
independently of the action of caspase-1 (49). Another non-
canonical activation of NLRP3 is driven by the LPG of
Leishmania, which activates mice caspase-11 and human caspase
4/5 (20). Results herein show that caspase-5 and -8 production were
not detectable in supernatants of Leishmania infected and LPS +
Nig-stimulated cells, suggesting that alternative inflammasome
activation modalities are not active in this in vitro model.

The inflammasome is activated in Leishmania infection (50—
52); however, the role of inflammasomes and IL-1P in the immune
response to Leishmania parasites is very controversial, mainly
because of differences in cultural conditions. Thus, the use of
different Leishmania species, developmental stages, and infection
models lead to results that are difficult to compare. Overall, previous
data suggest that different parasite strains vary in modulating
inflammasome activation. Hence, L. donovani and L. tropica were
reported not to induce IL-1B production and to downregulate
Interferon (IFN)-primed human or LPS-primed murine
peritoneal macrophages (53-55). Other results suggested that
infection of human (56-58) or murine phagocytes by L. major
cause a parasite-mediated dysregulation of IL-1f on a
transcriptional level. Conversely, other studies (58, 59) indicate
that L. major infection increases inflammasome activity and
cytokine production in long-term infections. Recent data also
suggest that inflammasomes and IL-1f are involved in the control
of L. amazoniensis infection of C57Bl/6 mice, as shown by in vitro
and in vivo studies using mice deficient in IL-1B production
(including caspase-1 and NLRP3 KO mice) (51).

It should be noted that several studies have indicated IL-1J
production as associated with the early stages of infection by
Leishmania spp. (60-62). As for IL-18, in L. major-infected
BALB/c mice, this cytokine was shown to upregulate IL-4
production, favoring the persistence of infection. These results are
supported by the observation that IL-18 neutralization in this
animal model resulted in greater resistance to infection by
decreasing IL-1B and IL-18 production and by controlling
parasitic growth (59).

IL-1B is a key cytokine in inflammation, produced by
mononuclear phagocytes. It is produced as an inactive
cytoplasmic precursor and is then cleaved by caspase-1 to become
biologically active, in a process that can be either dependent or
independent of inflammasome activation (63). As reported by Guey
et al. (64) the NLRP3 inflammasome requires the presence of ASC
to activate caspase-1. Indeed, there is solid evidence that, in
response to NLRP3 activators, IL-1 secretion is abolished and
pyroptosis is strongly impaired in ASC-KO macrophages. Herein,
after L. tarentolae infection, we observed elevated levels of IL-1f in
WT cells, whereas the production of this cytokine did not change
significantly in ASC-KO. Notably, after infection, IL-1 expression
in ASC-KO was significantly lower than in WT cells. Unexpectedly,
a lasting production of caspase-1 was observed in ASC-KO cells.
Coherently with this result, other inflammasomes, differently from
NLRP3, can efficiently activate caspase-1 in the absence of ASC and
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caspase-1 autoproteolysis. This has actually been observed in mice
(64), but this mechanism is not completely clear in humans (65, 66).
However, unlike the other NLRPs, human NLRP1 and CARD8
inflammasomes have a C-terminal extension containing a function-
to-find domain (FIIND) and a CARD. In particular, FIIND
autoproteolysis is required for NLRPI inflammasome activation
(67); the C-terminal CARD, and not the N-terminal PYD, that is
required in mice, recruits ASC to form inflammasome (66, 68). The
human NLRP1 (hNLRP1) is encoded by a single gene, differently
from its murine counterpart, which is encoded by three paralogues
(NLRPla, NLRP1b, and NLRP1c); hNLRP1 is the only NLR that
can potentially be degraded through a process of post-translational
autoproteolysis, at position Ser1213 of the FIIND (67), that results
in the C-terminal and N-terminal portions remaining non-
covalently linked. Although only a fraction of the total NLRP1
protein undergoes autoproteolysis (69), this event is essential for
subsequent NLRP1 activation, self-oligomerization, and
inflammasome assembly.

Interestingly, some CARD domains can directly recruit pro-
CASP1 independent of ASC (65, 68, 70). CARDS, instead, has a
similar-human NLRP1-FIIND-CARD regions, and it undergoes
FIIND autoproteolysis and the C-terminal CARD domain can
form an inflammasome. However, unlike human NLRPI, the
CARDS can directly interact with the CARD of pro-CASP1 and
does not form an ASC-containing platform (65, 71). Furthermore,
CARDS is expressed in humans but not in mice, a model in which
the issue has not yet been deeply investigated.

Regarding the different effects of L. tarentolae stimulation in
WT and KO cells, the absence of ASC protein in KO cells is
probably responsible for the reduction of IL-1[3, IL-18, and caspase-
1 production. Considering CARD8 and NLRP1, we could
hypothesize that epigenetic regulation may be involved in the
observed pattern. In general, in the absence of ASC, epigenetic
regulation might play a role in modulating the expression of genes
that contribute to inflammasome formation. Indeed, current
evidence supports the idea that DNA methylation, histone
modifications, or miRNAs play a role in regulating the expression
of inflammasome components (72, 73). For example,
inflammasome-related genes have been shown to be demethylated
during macrophage differentiation and monocyte activation (74).
Furthermore, miRNAs have been shown to participate in the post-
transcriptional regulation of NLRP1 (75).

In terms of cytokine expression, our study was mainly focused
on IL-1B and IL-18, considering the role of the NLRP3
inflammasome in the activation of their precursors. In addition,
we determined the expression of five further cytokines that are
produced by macrophages, characterized by anti-inflammatory (IL-
10 and TGF-B) or pro-inflammatory (TNF-o, IL-2, and IL-6)
properties. These cytokines have indeed been shown to be
associated with different outcomes of the infection in different
forms of leishmaniasis (21). In our experiments, an increase of
IL-2-producing immune cells was recorded by flow cytometry
analyses after Lt-P10 + LPS + Nig infection of WT THP 1dM
cells; it is known that IL-2 is involved in controlling inflammation
by inhibiting Th17 cells and IL-6 receptor (76). However, an
increase of TNF-ot and a decrease of TGF-f-producing cells have

frontiersin.org


https://doi.org/10.3389/fimmu.2024.1298275
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

La Rosa et al.

been also revealed in our experiments. On the contrary, in THP-1
ASC KO cells, after Lt-P10 co-incubation, we observed a decrease in
IL-2-producing cells and an increase of those producing IL-10.
Overall, these results support the hypothesis that L. tarentolae could
play a role in the control of inflammation, even in the absence of
ASC activation.

Results herein show that infection of human cells with the non-
pathogenic L. tarentolae interferes with NLRP3 formation.
Although a limitation of this in vitro model is that it fails to
replicate the complexity of the cellular and intercellular
environment associated with the mammalian immune system,
our results suggest that a non-pathogenic Leishmania species
could be investigated as an anti-inflammatory agent or as a
source of anti-inflammatory molecules.
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SUPPLEMENTARY FIGURE 1

Phagocytosis of L. tarentolae strains by THP-1 cells after 4h of incubation.
THP-1 WT macrophages were incubated with Lt-P10, Lt-RI325 and Lt-W at
1:10 ratio (THP-1: Leishmania). Cells were then fixed, stained with Giemsa
solution and observed under an optical microscope (100X). Giemsa smears of
Lt-P10 (A), Lt-RI325 (B) and Lt-W (C) incubated with THP-1 WT are shown.
Red arrows indicate internalized promastigotes inside the cells. Bar: 10 um.
The percentage of infected macrophages (infection rate) was determined for
each Lt strain incubated with THP-1 WT and for Lt-P10 incubated with THP-1
KO. Results are expressed as mean + deviation standard (SD). No significant
differences were observed (p > 0.05) (D). Quantification of lactate
dehydrogenase (LDH) released by THP-1 WT cells after infection with Lt-
P10, Lt-RI325 and Lt-W is expressed as percentage of internal LDH positive
control (PC) (E). Determination was carried out on uninfected cells and cells
infected with the three L. tarentolae strains. Bars show mean + SD. No
significant differences were observed (p > 0.05).

SUPPLEMENTARY FIGURE 2

ASC-speck quantification in THP-1dM WT cells after infection with Lt-RI325 or
Lt-W. Formation of ASC-speck in THP-1dM cells stimulated with LPS + Nig and
incubated with or without one of the two field-isolated strains (Lt-RI325 or Lt-W)
or unstimulated (MED) are shown in the graph. Data are representative of three
independent experiments and expressed as mean + SD. Statistical significance
differences are indicated. * p < 0.05; ** p < 0.01; *** p < 0.001.

SUPPLEMENTARY FIGURE 3

Simultaneous detection of ASC expression and Leishmania cells through
immunofluorescence assay. THP-1dM cells incubated with Lt-P10 and
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stimulated with LPS + Nig were collected, cytocentrifuged for 5 min at 500
rom on a slide, fixed with PFA in PBS and stained with PE-anti human ASC
mAb (RED), mouse anti-Leishmania Ab, Alexa Fluor 488-conjugated anti-
mouse (GREEN). Cells were then mounted with ProLong Gold Antifade
Mountant with DAPI (BLUE). ASC-speck was not detected in Lt-P10-
infected cells (A); conversely in infected cells (B). Red arrows indicate
Leishmania cells (green), while yellow arrows indicate ASC speck.
Fluorescent results were observed under a fluorescence microscopy Leica
DMi8 with Thunder imaging systems with 40X objective.

SUPPLEMENTARY FIGURE 4

Determination of cytokine-expressing THP-1 WT cells by flow cytometry.
Representative images of the percentage of TGF-, TNF, IL-6, IL-2, and IL-10
expressing cells were determined by flow cytometry in WT THP-1dMs
stimulated with LPS + Nig in the presence (A) or in absence (B) of Lt-P10.
Cells after the incubation with Lt-P10 were stimulated with LPS and Nigericin.
After 24h cells were fixed, permeabilized and stained with specific antibodies.
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SUPPLEMENTARY TABLE 1

260/230 Absorbance (A) ratio. mRNA quantification in THP-1dM WT cells
unstimulated and after incubation with L. tarentolae laboratory strain P10 (Lt-
P10) or with lipopolysaccharide (LPS)+Nigericin (Nig) or with Lt-P10 + LPS + Nig.

16. Evavold CL, Hafner-Bratkovic I, Devant P, D’Andrea JM, Ngwa EM, Borsic E.
Control of gasdermin D oligomerization and pyroptosis by the Ragulator-Rag-
mTORC1 pathway. Cell. (2021) 184:4495-4511.e19. doi: 10.1016/j.cell.2021.06.028

17. Brennan MA, Cookson BT. Salmonella induces macrophage death by caspase-1-
Dependent necrosis. Mol Microbiol. (2000) 38:31-40. doi: 10.1046/j.1365-
2958.2000.02103.x

18. Fink SL, Cookson BT. Caspase-1-Dependent pore formation during pyroptosis
leads to osmotic lysis of infected host macrophages. Cell Microbiol. (2006) 8:1812-25.
doi: 10.1111/j.1462-5822.2006.00751.x

19. Lefévre L, Lugo-Villarino G, Meunier E, Valentin A, Olagnier D, Authier H, et al.
The C-type lectin receptors dectin-1, MR, and SIGNR3 contribute both positively and
negatively to the macrophage response to. Leishmania infantum. Immun. (2013)
38:1038-49. doi: 10.1016/j.immuni.2013.04.010

20. de Carvalho RVH, Andrade WA, Lima-Junior DS, Dilucca M, de Oliveira CV,
Wang K, et al. Leishmania lipophosphoglycan triggers caspase-11 and the non-
canonical activation of the NLRP3 inflammasome. Cell Rep. (2019) 26:429-437.e5.
doi: 10.1016/j.celrep.2018.12.047

21. Gupta AK, Ghosh K, Palit S, Barua J, Das PK, Ukil A. Leishmania donovani
inhibits inflammasome-dependent macrophage activation by exploiting the negative
regulatory proteins A20 and UCP2. FASEB J. (2017) 31:5087-101. doi: 10.1096/
£j.201700407R

22. Shio MT, Christian JG, Jung JY, Chang KP, Olivier M. PKC/ROS-Mediated NLRP3
inflammasome activation is attenuated by Leishmania zinc-metalloprotease during infection.
PloS Negl Trop Dis. (2015) 9:¢0003868. doi: 10.1371/journal.pntd.0003868

23. Saresella M, Basilico N, Marventano I, Perego F, La Rosa F, Piancone F, et al.
Leishmania infantum infection reduces the amyloid B42-stimulated NLRP3
inflammasome activation. Brain Behav Immun. (2020) 88:597-605. doi: 10.1016/
j.bbi.2020.04.058

24. Abdoli A, Mirzaian Ardakani H. Potential application of helminth therapy for
resolution of neuroinflammation in neuropsychiatric disorders. Metab Brain Dis.
(2020) 35:95-110. doi: 10.1007/s11011-019-00466-5

25. Arai T, Lopes F. Potential of human helminth therapy for resolution of
inflammatory bowel disease: The future ahead. Exp Parasitol. (2022) 232:108189.
doi: 10.1016/j.exppara.2021.108189

26. Mendoza-Roldan JA, Zatelli A, Latrofa MS, latta R, Bezerra-Santos MA,
Annoscia G, et al. Leishmania (Sauroleishmania) tarentolae isolation and sympatric
occurrence with Leishmania (Leishmania) infantum in geckoes, dogs and sand flies.
PloS Negl Trop Dis. (2022) 16:€0010650. doi: 10.1371/journal.pntd.0010650

27. Piancone F, Saresella M, Marventano I, La Rosa F, Santangelo A, Caputo D, et al.
Monosodium urate crystals activate the inflammasome in primary progressive multiple
sclerosis. Front Immunol. (2018) 9:983. doi: 10.3389/fimmu.2018.00983

28. Carty M, Kearney ], Shanahan KA, Hams E, Sugisawa R, Connolly D, et al. Cell
survival and cytokine release after inflammasome activation is regulated by the Toll-IL-1R
protein SARM. Immunity. (2019) 50:1412-1424.e6. doi: 10.1016/j.immuni.2019.04.005

29. Ikeogu NM, Akaluka GN, Edechi CA, Salako ES, Onyilagha C, Barazandeh AF,
et al. Leishmania immunity: advancing immunotherapy and vaccine development.
Microorganisms. (2020) 8:1201. doi: 10.3390/microorganisms8081201

30. Yaribeygi H, Mohammadi MT, Rezaee R, Sahebkar A. Fenofibrate improves
renal function by amelioration of NOX-4, IL-18, and p53 expression in an experimental
model of diabetic nephropathy. J Cell Biochem. (2018) 119:7458-69. doi: 10.1002/
jcb.27055

frontiersin.org


https://doi.org/10.1038/s42003-022-03240-z
https://www.who.int/leishmaniasis/burden/en/
https://www.who.int/leishmaniasis/burden/en/
https://doi.org/10.1371/journal.pntd.0007424
https://doi.org/10.1186/s13071-023-05651-1
https://doi.org/10.1007/s00436-011-2325-4
https://doi.org/10.1093/nar/gkr834
https://doi.org/10.1016/j.exppara.2019.01.012
https://doi.org/10.1128/IAI.73.10.6372-6382.2005
https://doi.org/10.1016/j.procbio.2019.08.019
https://doi.org/10.1016/j.molimm.2019.04.009
https://doi.org/10.1016/j.vaccine.2009.09.114
https://doi.org/10.1016/j.phrs.2022.106546
https://doi.org/10.1016/j.phrs.2022.106546
https://doi.org/10.3390/vaccines10050803
https://doi.org/10.3389/fcimb.2022.1063291
https://doi.org/10.1016/j.cell.2014.04.007
https://doi.org/10.1016/j.cell.2021.06.028
https://doi.org/10.1046/j.1365-2958.2000.02103.x
https://doi.org/10.1046/j.1365-2958.2000.02103.x
https://doi.org/10.1111/j.1462-5822.2006.00751.x
https://doi.org/10.1016/j.immuni.2013.04.010
https://doi.org/10.1016/j.celrep.2018.12.047
https://doi.org/10.1096/fj.201700407R
https://doi.org/10.1096/fj.201700407R
https://doi.org/10.1371/journal.pntd.0003868
https://doi.org/10.1016/j.bbi.2020.04.058
https://doi.org/10.1016/j.bbi.2020.04.058
https://doi.org/10.1007/s11011-019-00466-5
https://doi.org/10.1016/j.exppara.2021.108189
https://doi.org/10.1371/journal.pntd.0010650
https://doi.org/10.3389/fimmu.2018.00983
https://doi.org/10.1016/j.immuni.2019.04.005
https://doi.org/10.3390/microorganisms8081201
https://doi.org/10.1002/jcb.27055
https://doi.org/10.1002/jcb.27055
https://doi.org/10.3389/fimmu.2024.1298275
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

La Rosa et al.

31. Wen H, Ting JPY, O'Neill LA. A role for the NLRP3 inflammasome in metabolic
diseases—did Warburg miss inflammation? Nat Immunol. (2012) 13:352-7.
doi: 10.1038/ni.2228

32. Zhang H, Gong X, Ni S, Wang Y, Zhu L, Ji N. Cl1q/TNF-related protein-9
attenuates atherosclerosis through AMPK-NLRP3 inflammasome singling pathway. Int
Immunopharmacol. (2019) 77:105934. doi: 10.1016/j.intimp.2019.105934

33. Ference BA, Ginsberg HN, Graham I, Ray KK, Packard CJ, Bruckert E, et al.
Low-density lipoproteins cause atherosclerotic cardiovascular disease. 1. Evidence from
genetic, epidemiologic, and clinical studies. A consensus statement from the European
Atherosclerosis Society Consensus Panel. Eur Heart J. (2017) 38:2459-72. doi: 10.1093/
eurheartj/ehx144

34. Hoseini Z, Sepahvand F, Rashidi B, Sahebkar A, Masoudifar A, Mirzaei H.
NLRP3 inflammasome: its regulation and involvement in atherosclerosis. J Cell Physiol.
(2018) 233:2116-32. doi: 10.1002/jcp.25930

35. Kim HY, Lee HJ, Chang YJ, Pichavant M, Shore SA, Fitzgerald KA, et al.
Interleukin-17-producing innate lymphoid cells and the NLRP3 inflammasome
facilitate obesity-associated airway hyperreactivity. Nat Med. (2014) 20:54-61.
doi: 10.1038/nm.3423

36. Ising C, Venegas C, Zhang S, Scheiblich H, Schmidt SV, Vieira-Saecker A, et al.
NLRP3 inflammasome activation drives tau pathology. Nature. (2019) 575:669-73.
doi: 10.1038/s41586-019-1769-z

37. Wang S, Yuan YH, Chen NH, Wang HB. The mechanisms of NLRP3
inflammasome/pyroptosis activation and their role in Parkinson's disease. Int
Immunopharmacol. (2019) 67:458-64. doi: 10.1016/j.intimp.2018.12.019

38. Tourkochristou E, Aggeletopoulou I, Konstantakis C, Triantos C. Role of NLRP3
inflammasome in inflammatory bowel diseases. World ] Gastroenterol. (2019) 25:4796-
804. doi: 10.3748/wjg.v25.i33.4796

39. Liu L, Dong Y, Ye M, Jin S, Yang J, Joosse ME, et al. The pathogenic role of
NLRP3 inflammasome activation in inflammatory bowel diseases of both mice and
humans. J Crohns Colitis. (2017) 11:737-50. doi: 10.1093/ecco-jcc/jjw219

40. de Torre-Minguela C, Mesa Del Castillo P, Pelegrin P. The NLRP3 and pyrin
inflammasomes: implications in the pathophysiology of autoinflammatory diseases.
Front Immunol. (2017) 8:43. doi: 10.3389/fimmu.2017.00043

41. Yang X, Zhao G, Yan J, Xu R, Che C, Zheng H, et al. Pannexin 1 channels
contribute to IL-1B expression via NLRP3/caspase-1 inflammasome in Aspergillus
fumigatus Keratitis. Curr Eye Res. (2019) 44:716-25. doi: 10.1080/02713683.2019.1584321

42. Liu J, Cao X. Cellular and molecular regulation of innate inflammatory
responses. Cell Mol Immunol. (2016) 13:711-21. doi: 10.1038/cmi.2016.58

43. Tunon GI, de Moura TR, de Jesus AR, de Almeida RP. In vitro infection by
Leishmania infantum in the peripheral blood mononuclear cell-derived macrophages
from crab-eating foxes (Cerdocyon thous). Vet Parasitol. (2015) 212:417-21.
doi: 10.1016/j.vetpar.2015.06.027

44, Louzada-Flores VN, Latrofa MS, Lucente MS, Dambros BP, Mendoza-Roldan
JA, Varotto-Boccazzi I, et al. Intracellular persistence of Leishmania tarentolae in
primary canine macrophage cells. Acta Trop. (2023) 243:106935. doi: 10.1016/
j.actatropica.2023.106935

45. Schroder K, Tschopp J. The inflammasomes. Cell. (2010) 140:821-32.
doi: 10.1016/j.cell.2010.01.040

46. Bauernfeind FG, Horvath G, Stutz A, Alnemri ES, MacDonald K, Speert D, et al.
Cutting edge: NF-kappaB activating pattern recognition and cytokine receptors license
NLRP3 inflammasome activation by regulating NLRP3 expression. ] Immunol. (2009)
183:787-91. doi: 10.4049/jimmunol.0901363

47. Franchi L, Eigenbrod T, Nufez G. Cutting edge: TNF-alpha mediates
sensitization to ATP and silica via the NLRP3 inflammasome in the absence of
microbial stimulation. J Immunol. (2009) 183:792-6. doi: 10.4049/jimmunol.0900173

48. Gaidt MM, Hornung V. Alternative inflammasome activation enables IL-1B
release from living cells. Curr Opin Immunol. (2017) 44:7-13. doi: 10.1016/
j.01.2016.10.007

49. Pyrillou K, Burzynski LC, Clarke MCH. Alternative pathways of IL-1 activation,
and its role in health and disease. Front Immunol. (2020) 11:613170. doi: 10.3389/
fimmu.2020.613170

50. Sani MRM, Moghaddam MM, Aghamollaei H, Hassanpour K, Taheri RA,
Farnoosh G. Investigation of caspase-1 activity and interleukin-1p production in
murine macrophage cell lines infected with Leishmania major. Asian Pac ] Trop
Med. (2014) 751:S70-3. doi: 10.1016/S1995-7645(14)60205-4

51. Lima-Junior DS, Costa DL, Carregaro V, Cunha LD, Silva ALN, Mineo TWP,
et al. Inflammasome-derived IL-1B production induces nitric oxide-mediated
resistance to Leishmania. Nat Med. (2013) 19:909-15. doi: 10.1038/nm.3221

52. Charmoy M, Hurrell BP, Romano A, Lee SH, Ribeiro-Gomes F, Riteau N, et al.
The NLRP3 inflammasome, IL-1B, and neutrophil recruitment are required for
susceptibility to a nonhealing strain of Leishmania major in C57BL/6 mice. Eur |
Immunol. (2016) 46:897-911. doi: 10.1002/€ji.201546015

53. Reiner NE, Ng W, Wilson CB, McMaster WR, Burchett SK. Modulation of in
vitro monocyte cytokine responses to Leishmania donovani. Interferon-gamma
prevents parasite-induced inhibition of interleukin 1 production and primes
monocytes to respond to Leishmania by producing both tumor necrosis factor-alpha
and interleukin 1. J Clin Invest. (1990) 85:1914-24. doi: 10.1172/JCI114654

Frontiers in Immunology

13

10.3389/fimmu.2024.1298275

54. Crawford GD, Wyler DJ, Dinarello CA. Parasite-monocyte interactions in
human leishmaniasis: production of interleukin-1 in vitro. J Infect Dis. (1985)
152:315-22. doi: 10.1093/infdis/152.2.315

55. Reiner NE. Parasite accessory cell interactions in murine leishmaniasis. I.
Evasion and stimulus-dependent suppression of the macrophage interleukin 1
response by Leishmania donovani. ] Immunol. (1987) 138:1919-25.

56. Bertholet S, Dickensheets HL, Sheikh F, Gam AA, Donnelly RP, Kenney RT.
Leishmania donovani-induced expression of suppressor of cytokine signaling 3 in
human macrophages: a novel mechanism for intracellular parasite suppression of
activation. Infect Immun. (2003) 71:2095-101. doi: 10.1128/IA1.71.4.2095-
2101.2003

57. Badolato R, Sacks DL, Savoia D, Musso T. Leishmania major: infection of human
monocytes induces expression of IL-8 and MCAF. Exp Parasitol. (1996) 82:21-6.
doi: 10.1006/expr.1996.0003

58. Cillari E, Dieli M, Maltese E, Milano S, Salerno A, Liew FY. Enhancement of
macrophage IL-1 production by Leishmania major infection in vitro and its inhibition
by IFN-gamma. ] Immunol. (1989) 143:2001-5.

59. Gurung P, Karki R, Vogel P, Watanabe M, Bix M, Lamkanfi M, et al. An NLRP3
inflammasome-triggered Th2-biased adaptive immune response promotes
leishmaniasis. J Clin Invest. (2015) 125:1329-38. doi: 10.1172/JCI179526

60. Fernandez-Figueroa EA, Rangel-Escarefio C, Espinosa-Mateos V, Carrillo-
Sanchez K, Salaiza-Suazo N, Carrada-Figueroa G, et al. Disease severity in patients
infected with Leishmania mexicana relates to IL-1pB. PloS Negl Trop Dis. (2012) 6:e1533.
doi: 10.1371/journal.pntd.0001533

61. Novais FO, Carvalho LP, Passos S, Roos DS, Carvalho EM, Scott P, et al.
Genomic profiling of human Leishmania Braziliensis lesions identifies transcriptional
modules associated with cutaneous immunopathology. J Invest Dermatol. (2015) 135
(1):94-101. doi: 10.1371/journal.ppat.1006196

62. Santos D, Campos TM, Saldanha M, Oliveira SC, Nascimento M, Zamboni DS.
IL-1P production by intermediate monocytes is associated with immunopathology in
cutaneous leishmaniasis. J Invest Dermatol. (2018) 138:1107-15. doi: 10.1016/
j,jid.2017.11.029

63. Martinon F, Burns K, Tschopp J. The inflammasome: a molecular platform
triggering activation of inflammatory caspases and processing of prolL-beta. Mol Cel.
(2002) 10:417-26. doi: 10.1016/s1097-2765(02)00599-3

64. Guey B, Bodnar M, Manié SN, Tardivel A, Petrilli V. Caspase-1 autoproteolysis
is differentially required for NLRP1b and NLRP3 inflammasome function. PNAS.
(2014) 111:17254-9. doi: 10.1073/pnas.1415756111

65. Taabazuing CY, Griswold AR, Bachovchin DA. The NLRP1 and CARDS
inflammasomes. Immunol Rev. (2020) 297:13-25. doi: 10.1111/imr.12884

66. Faustin B, Lartigue L, Bruey JM, Luciano F, Sergienko E, Bailly-Maitre B, et al.
Reconstituted NALP1 inflammasome reveals two-step mechanism of caspase-1
activation. Mol Cell. (2007) 25:713-24. doi: 10.1016/j.molcel.2007.01.032

67. D'Osualdo A, Weichenberger CX, Wagner RN, Godzik A, Wooley J, Reed JC.
CARDS and NLRP1 undergo autoproteolytic processing through a ZU5-like domain.
PloS One. (2011) 6:¢27396. doi: 10.1371/journal.pone.0027396

68. Frew BC, Joag VR, Mogridge J. Proteolytic processing of Nlrp1b is required for
inflammasome activity. PloS Pathog. (2012) 8:e1002659. doi: 10.1371/
journal.ppat.1002659

69. Finger JN, Lich JD, Dare LC, Cook MN, Brown KK, Duraiswami C, et al.
Autolytic proteolysis within the function to find domain (FIIND) is required for
NLRP1 inflammasome activity. J Biol Chem. (2012) 287:25030-7. doi: 10.1074/
jbc.M112.378323

70. Poyet JL, Srinivasula SM, Tnani M, Razmara M, Fernandes- Alnemri T, Alnemri
ES. Identification of Ipaf, a human caspase-1-activating protein related to Apaf-1. ] Biol
Chem. (2001) 276:28309-13. doi: 10.1074/jbc.C100250200

71. Ball DP, Taabazuing CY, Griswold AR, Orth EL, Rao SD, Kotliar IB, et al.
Caspase-1 interdomain linker cleavage is required for pyroptosis. Life Sci Alliance.
(2020) 3:202000664.8. doi: 10.26508/1sa.202000664

72. Christgen S, Place DE, Kanneganti TD. Toward targeting inflaimmasomes:
Insights into their regulation and activation. Cell Res. (2020) 30:315-27.
doi: 10.1038/s41422-020-0295-8

73. Tezcan G, Martynova EV, Gilazieva ZE, Mclntyre A, Rizvanov AA,
Khaiboullina SF. MicroRNA post-transcriptional regulation of the NLRP3
inflammasome in immunopathologies. Front Pharmacol. (2019) 10:451.
doi: 10.3389/fphar.2019.00451

74. Vento-Tormo R, Alvarez-Errico D, Garcia-Gomez A, Hernandez-Rodriguez J,
Bujan S, Basagana M, et al. DNA demethylation of inflammasome-associated genes is
enhanced in patients with cryopyrin-associated periodic syndromes. J Allergy Clin
Immunol. (2017) 139:202-11. doi: 10.1016/j.jaci.2016.05.016

75. Chen Z, Dong WH, Chen Q, Li QG, Qiu ZM. Downregulation of miR-199a-3p
mediated by the CtBP2-HDAC1-FOXP3 transcriptional complex contributes to acute
lung injury by targeting NLRP1. Int J Biol Sci. (2019) 15:2627-40. doi: 10.7150/
ijbs.37133

76. Banchereau ], Pascual V, O'Garra A. From IL-2 to IL-37: the expanding
spectrum of anti-inflammatory cytokines. Nat Immunol. (2012) 13:925-31.
doi: 10.1038/ni.2406

frontiersin.org


https://doi.org/10.1038/ni.2228
https://doi.org/10.1016/j.intimp.2019.105934
https://doi.org/10.1093/eurheartj/ehx144
https://doi.org/10.1093/eurheartj/ehx144
https://doi.org/10.1002/jcp.25930
https://doi.org/10.1038/nm.3423
https://doi.org/10.1038/s41586-019-1769-z
https://doi.org/10.1016/j.intimp.2018.12.019
https://doi.org/10.3748/wjg.v25.i33.4796
https://doi.org/10.1093/ecco-jcc/jjw219
https://doi.org/10.3389/fimmu.2017.00043
https://doi.org/10.1080/02713683.2019.1584321
https://doi.org/10.1038/cmi.2016.58
https://doi.org/10.1016/j.vetpar.2015.06.027
https://doi.org/10.1016/j.actatropica.2023.106935
https://doi.org/10.1016/j.actatropica.2023.106935
https://doi.org/10.1016/j.cell.2010.01.040
https://doi.org/10.4049/jimmunol.0901363
https://doi.org/10.4049/jimmunol.0900173
https://doi.org/10.1016/j.coi.2016.10.007
https://doi.org/10.1016/j.coi.2016.10.007
https://doi.org/10.3389/fimmu.2020.613170
https://doi.org/10.3389/fimmu.2020.613170
https://doi.org/10.1016/S1995-7645(14)60205-4
https://doi.org/10.1038/nm.3221
https://doi.org/10.1002/eji.201546015
https://doi.org/10.1172/JCI114654
https://doi.org/10.1093/infdis/152.2.315
https://doi.org/10.1128/IAI.71.4.2095-2101.2003
https://doi.org/10.1128/IAI.71.4.2095-2101.2003
https://doi.org/10.1006/expr.1996.0003
https://doi.org/10.1172/JCI79526
https://doi.org/10.1371/journal.pntd.0001533
https://doi.org/10.1371/journal.ppat.1006196
https://doi.org/10.1016/j.jid.2017.11.029
https://doi.org/10.1016/j.jid.2017.11.029
https://doi.org/10.1016/s1097-2765(02)00599-3
https://doi.org/10.1073/pnas.1415756111
https://doi.org/10.1111/imr.12884
https://doi.org/10.1016/j.molcel.2007.01.032
https://doi.org/10.1371/journal.pone.0027396
https://doi.org/10.1371/journal.ppat.1002659
https://doi.org/10.1371/journal.ppat.1002659
https://doi.org/10.1074/jbc.M112.378323
https://doi.org/10.1074/jbc.M112.378323
https://doi.org/10.1074/jbc.C100250200
https://doi.org/10.26508/lsa.202000664
https://doi.org/10.1038/s41422-020-0295-8
https://doi.org/10.3389/fphar.2019.00451
https://doi.org/10.1016/j.jaci.2016.05.016
https://doi.org/10.7150/ijbs.37133
https://doi.org/10.7150/ijbs.37133
https://doi.org/10.1038/ni.2406
https://doi.org/10.3389/fimmu.2024.1298275
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	The non-pathogenic protozoon Leishmania tarentolae interferes with the activation of NLRP3 inflammasome in human cells: new perspectives in the control of inflammation
	1 Introduction
	2 Materials and methods
	2.1 Cells
	2.2 Parasite culture
	2.3 THP-1 infection
	2.4 RNA extraction and reverse transcription
	2.5 Quantitative real-time RT-PCR
	2.6 Image stream analysis by FlowSight AMNIS
	2.7 ASC expression by immunofluorescence assays
	2.8 Cytokine and caspase quantification
	2.9 Immunofluorescent staining and analysis by flow cytometry
	2.10 Statistical analysis

	3 Results
	3.1 Leishmania internalization by WT THP-1dMs and KO THP-1dM cells
	3.2 Inflammasome related genes in L. tarentolae–infected WT THP-1dMs and KO THP-1dM cells
	3.3 ASC-specks formation in response to L. tarentolae infection in WT THP-1dM cells
	3.4 Inflammasome-associated cytokines and caspase-1 in WT L. tarentolae-infected THP-1dMs and KO THP-1dM cells
	3.5 Cytokine production in L. tarentolae–infected WT THP-1dMs and KO THP-1dM cells

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


