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Pythium insidiosum is an etiological agent of an emerging infectious disease, pythiosis.
The infection occurs mainly in tropical and subtropical areas, especially in Thailand.
Infection is acquired through small wounds or injured tissue via contact with water that
contains motile zoospores. The symptoms of pythiosis are normally reported as
artheritis, keratitis and cutaneous or subcutaneous infections. The disease occurs in
localize as well as systemic or vascular forms. Human innate immune system plays an
important role in combating with various fungal pathogens. The inflammasome, a protein
complex, is one of the most important mechanism of host innate immunity. Therefore,
the better understanding of the host response mechanism against fungal infection is
required to develop antifungal action of the immune system. This study is aimed to
investigate the inflammatory response to P. insidiosum by triggering activation of the
inflammasome. Human monocytic cell line, THP-1, was used as a model for the
activation of caspase-1 and IL-1f production upon infection with P. insidiosum isolated
from Pythiosis patients. IL-1B was secreted from P. insidiosum co-cultivated THP-1
cells. P. insidiosum induced IL-1B secretion, ASC pyroptosome formation and caspase-1

activation were inhibited by competitive inhibitor of NLRP3 formation. The result suggest



that the NLRP3 inflammasome plays an important role in host defense against P.
insidiosum, and provide information on the inflammatory response of host cell to P.
insidiosum that may be useful for future development to control the disease caused by

P. insidiosum.
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Pythium insidiosum is an etiologic agent of pythiosis in mammals. Pythiosis is a
rarely occurring and non-transmissible infectious disease which is normally found in
tropical, subtropical and temperate regions (1-3). In Thailand, pythiosis is considered to
be endemic. Infection in humans is life threatening with high rates of morbidity and
mortality, especially in regions with a lack of tools for early diagnosis and effective
treatment. The zoospores can directly contact to mammalian or plant tissue in wet
environments and encyst on the surface of the injured tissues. The encysted zoospores
secrete a sticky glycoprotein to mediate the adhesion of zoospores before enter the
tissue (2, 4). Host temperature can stimulate zoospores to develop a germ tube to be
hypha that extends into the infected tissue and later can also infiltrate blood vessels,
which make spreading within the body tissues easier. The disease can also be
acquired through traumatic lesions and contact with hyphae of P. insidiosum (2). The
invasion of blood vessels can lead to thrombosis and invasion of large arteries (5-9). In
addition to P. insidiosum host colonization by invasive growth, the secretion of proteases
and the exertion of mechanical force by the tips of the elongating hyphae have been
implicated as its putative virulence factors (10). Pythiosis progresses rapidly and if not
treated in the early stages can become life threatening in both humans and animals.

Host innate immune response to microbial pathogens is usually mediated by
pattern-recognition receptors (PRRs), which are mainly expressed by innate immune
cells such as monocytes, macrophages and dendritic cells. This response is initiated
from cellular recognition of conserved microbial structures, which are pathogen-
associated molecular patterns (PAMPs). There are at least four families of PRRs have
been identified, Toll-like receptors (TLRs), C-type lectin receptors (CLRs), RIG-I-like
receptors (RLRs) and nucleotide-binding domain and leucine-rich-repeat containing
proteins (NLRs) (11). The NLRs, including NLRP3 and NLRP1, can respond to PAMPs
as well as danger-associated molecular patterns (DAMPSs) such as uric acid, and form a
cellular protein complex called inflammasome which contains ASC and pro-caspase-1
(12). Assembly of inflammasome leads to activation of caspase-1 and secretion of pro-
inflammatory cytokines IL-1B and IL-18 (13). Thus, the synthesis and production of IL-
1B involves a two-step process. The first step is pro-IL-1B transcription and translation
via NF-kB activation. The second step is pro-IL-1@ cleavage by active caspase-1
largely due to inflammasome activation (14). IL-1B is an important pro-inflammatory

cytokine for host defense, which helps to prevent against various invading microbes



such as bacteria and fungi. The production of this cytokine via the NLRP3
inflammasome has been proved to be essential in host defense against pathogenic
fungi such as Candida albicans and Aspergillus fumigates (15-17). However, host
immune responses to P. insidiosum are not well characterized. The ongoing study of
our research group is about the interaction of P. insidiosum to epithelium and
endothelium as well as the response by these cells after co-cultivation with the fungi to
demonstrate how response of host cell after the pathogen invading at the entry sites
into the body. In this study, we aim to investigate the possibility of P. insidiosum in
activation of the inflammasome by induction of IL-1p production from human monocytes
and monocyte-derived macrophages which is the step after the fungi entry into the
bloodstream and invade the endothelium. The induction of IL-13 from human
monocyte and monocyte-derived macrophage (hMDM) by P. insidiosum will be
determined by co-cultivation of the fungus (live/killed zoospores and hypha) with the
cells. The caspase-1 and IL-1B in culture supernatant will be detected using ELISA
technique. The activation of caspase-1, NLRP3 and expression of ASC will be
determined using real-time PCR and immunoblotting. These cell response will be
confirmed by pretreatment the cells with silence expression shRNA and/or stimuli
inhibitor before co-cultivation. The expected outcome of this proposal will be used to
establish the knowledge about an essential role of the inflammasome in host defense
against P. insidiosum infection, and suggests that positive manipulation of
inflammasome signaling may be a novel approach for control of caused by this fungus.
The outcome of the ongoing study and this proporsal are altogether helpful for more
understanding the immunopathology of pythiosis and for development of the direction to

prevent and treatment to P. insidiosum infection

NUNMIBITIHNIIN

Pythium insidiosum and Pythiosis

P. insidiosum is not a true fungus because cell walls of this fungus are
composed of “cellulose and B-glucans” without chitin. In wet environment, the organism
generates biflagellated zoospores (18), which are single nucleated cells without a cell
wall. The zoospores can swim with the help of anterior and posterior flagellum. The
posterior flagellum is responsible for the movement in water, while the antherior
flagellum functions as a rudder. The zoospores are considered to be the infective
propagules, they show chemotaxis and become encysted once they come in contact

with either decaying or injured plant or animal tissue. A glycoprotein secreted on the
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surface of the encysted zoospores allows adhesion to the injured tissue (2, 4). P.
insidiosum infections can be mostly found in healthy humans and animals (3-4, 19-21)
whichoccurs mainly in regions of Southeast Asia, especially in Thailand (19, 22-24).

P. insidiosum is well adapted to the body temperature of mammalian hosts,
which has an optimum temperature for growth at 34-36°C and a maximum temperature
at 40-45°C (1). The fungus grows well on various artificial media when incubated at
25°C or 37°C (1). On Sabouraud agar, P. insidiosum grows in submerged, white to
colorless colonies, which show irregular radiate pattern (1-2, 4). Zoospores are
developed only in water cultures, which are stimulated by the presence of ions such as
K*, Ca?, Mg®* and chemically attracted by plant material, animal hairs or pieces of
animal tissue (2, 26). The zoospore formation of P. insidiosum can take 1 h or more.
There is no susceptible mammalian host for the fungal survival because it is able to
survive and multiply in natural environment on decaying plants (2).

Zoospores show a marked chemotaxis towards wounds and other damaged skin
parts (1-2). The adhesion of zoospores to the damaged tissues of skin was observed.
The location of the lesions is related to the parts of the body that were direct contacted
with water containing zoospores of P. insidiosum (2, 21).

The encysted zoospores stimulated by the host's body temperature develop a
germ tube (hypha) that extends from the zoospores into the infected tissue and later
can also infiltrate blood vessels (humans), which makes spreading within the body
tissues easier. The disease can also be acquired through traumatic lesions and contact
with hyphae of P. insidiosum (4). The invasion of blood vessels can lead to thrombosis
and invasion of large arteries (5-9). In addition to P. insidiosum host colonization by
invasive growth, the secretion of proteases and the exertion of mechanical force by the
tips of the elongating hyphae have been implicated as putative virulence factors (10). A
significant reduction in tissue strength has to be obtained by the action of proteases,
before penetration of the tissue by hyphae can take place (10, 26-27). The protease is
identified as a serine protease using inhibition experiments (27). Pythiosis progresses
rapidly and if not treated in the early stages can become life threatening in both humans
and animals.

The serological studies in humans and animals with pythiosis showed that P.
insidiosum antigens can trigger a humoral immune response upon contact with the host
(28), however, the presence of this type of immunity cannot clear this infections in
humans (6). The cellular immunity provided by activated macrophages and other

inflammatory cells shows directly involvement in the extensive tissue damage in infected
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hosts (3). Based on data from previous studies, it can be concluded that the humoral
immunity in infected hosts with pythiosis triggers the production of anti-P. insidiosum
antibodies related to a T helper 2 (Th2) immune response (5). These antibodies are not
protective, but can be used for the diagnosis of the disease. The cellular immunity
triggered by P. insidiosum demonstrated the increasing levels of interferon gamma (IFN-
y) and Interleukin 2 (IL2) which is indicators of a Th1 mediated immunity and decrease
of Th2 mediated interleukins are present in cured patients (3, 6). Therefore, the cellular
immunity may play more important roles in response to protect the host from P.
insidiosum infection in comparison to the humoral immunity.

Inflammasome in respond to fungal infection

The molecules of pathogen that can be recognized by the cell of innate immune
system are identifed as pathogen-associated molecular patterns (PAMPs) (29).
Examples of PAMPs are lipopolysaccharide (LPS) from Gram-negative bacteria,
peptidoglycan (PGN) from Gram-positive bacteria, and zymosan and mannan from
fungi. Receptors that bind these PAMPs are called pattern recognition receptors
(PRRs). The PRRs exist that induce various host defense pathways, including the Toll-
like receptors (TLRs) located in the plasma membrane and intracellular organelles and
the intracellular family of NOD-like receptors (NLRs) (29). The NLR protein
Cryopyrin/NALP3 (NLRP3) plays a crucial role in the assembly of a cytosolic protein
complex termed the “inflammasome” (30-32). The inflammasome adaptor protein,
apoptosis-associated speck-like protein containing CARD (ASC), bridges the interaction
between NLRP3 and caspase-1 in the inflammasome allowing the recruitment of the
cysteine protease (29). Activated caspase-1 subsequently mediates the maturation and
secretion of the pro-inflammatory cytokines IL-1f and IL-18 (33-35). The NLRP3
inflammasome mediates caspase-1 activation in response to a variety of bacterial
PAMPs such as LPS and PGN when combined with a second stimulus such as ATP
(36-39).

Although the roles of specific inflammasomes in response to bacterial and viral
PAMPs have been described, the inflammasome complexes that recognize fungal
PAMPs to induce caspase-1 activation and IL-1p secretion are still limited. The heat-
killed Saccharomyces cerevisiae and the purified cell wall components zymosan and
mannan can induce caspase-1 activation and IL-1B secretion from macrophages and
dendritic cells upon co-stimulation with ATP (40). Macrophages deficient for the
inflammasome adaptor ASC or the NLRP3 protein were defective in zymosan- and

mannan-induced caspase-1 activation and IL-1B secretion. The study demonstrated



that the conserved fungal cell wall components zymosan and mannan require ASC and
NLRP3 for caspase-1 activation and IL-1pB secretion and suggest an important role for
the NLRP3 inflammasome during fungal infections. IL-1B is also essential for host
response against invasive candidiasis (41). IL-1B-deficient mice had decreased
granulocyte recruitment upon intraperitoneal challenge with Candida albicans and had a
higher mortality and an increased risk of disseminated disease compared with wild-type
mice (41). NIrp3 inflammasome is required for caspase-1 mediated IL-1B production in
response to C. albicans and essential in the transduction of fungal recognition signal to
the inflammasome adaptor ASC for caspase-1 activation (42). Hyphal fragments of
Aspergillus fumigatus spores can upregulate pro-IL-1B synthesis and stimulate caspase-
1 activation (17). NLRP3 and ASC acts as key regulators of inflammation during A.
fumigates infection by a two-step activation process, due to TLR and dectin-1 ligation,
promoting expression and synthesis of pro-IL1; and involving Syk-induced activation of

the NLRP3 inflammasome and caspase-1 allowing secretion of mature IL-1B (17).
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Tandszasa

1.

To investigate the involvement of the inflammasome in response to P.

insidiosum infection.

2.

cells.

To determine how P. insidiosum activate inflammasome in human phagocytic
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Cultivation of THP-1
THP-1 cells will be maintained in RPMI 1640 media containing 10% FBS, 100 1U/mL

penicillin, 1 mg/mL streptomycin. The cells will be cultured in a humidfied 5% CO,

incubator at 37°C.

Preparation of Human monocyte-derived macrophages (hMDM)

The whole blood of anonymous donor will be kindly provided by department of
Transfusion Medicine Siriraj Hospital. The experiments will be approved by Siriraj
Institutional Review Board of the Faculty of Medicine Siriraj Hospital, Mahidol University,
Thailand.

Mononuclear leukocytes will be separated by density gradient centrifugation using Ficoll-
Isopaque. Whole blood will be diluted at 1:1 with PBS in 50 ml-centrifuge tube and
mixed with pipetting. The 10 ml of diluted blood will be overlaid on 4 ml of Isopaque.
Peripheral blood mononuclear cells (PBMCs) will be separated by centrifugation then
the ring of PBMCs will be collected. The PBMCs pellet will be washed and
resuspended with RPMI 1640 supplemented with 10% AB-serum, 10% FBS, 25 mM
HEPES, 1X penicillin/streptomycin and 100 U/ml of GM-CSF. PBMCs will be
transferred into 25 cm? culture flask and incubated at 37°C in 5% CO, until adherent
cell will be observed. In this condition, monocytes will adhere on tissue culture flask.
The non-adherent cells will be removed. The monocytes will be differentiated to
macrophage by cultured in RPMI 1640 (Life technology) supplemented with 10% FBS,
25 mM HEPES, 1X penicillin/streptomycin and 100 U/ml of GM-CSF for 7-10 days. The
macrophages at day 9 will be used in cell stimulation experiments.

Preparation of P. insidiosum antigen

Strain and culture of P. insidiosum

The P. insidiosum strain used in this study will be kindly provided by Assoc. Prof.
Angkana Chaiprasert from the Deparment of Microbiology, Faculty of Medicine Siriraj
Hospital, Mahidol University. This strain will be isolated from patient with P. insidiosum
systemic distribution. This isolate will be maintained on Sabouraud’s dextrose agar
(SDA) (BD, MD, USA) pH 7.0 at 25°C until used.

Preparation of live P. insidiosum zoospore

The isolate of P. insidiosum on SDA will be inoculated on 2% water agar (BD) plate and

then incubated at 37°C for 2 days. After 2 days of incubation, the isolate will be
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inoculated into 150 ml of sterilized water containing grass blades (Axonopus compresus)

and then incubated at 37°C for 2 days. In this condition, P. insidiosum will be

developed which attached to grass blades. After incubation, water will be removed and

replaced with induction media and then incubated at 37°C for 3-4 h or until release of
zoospore will be observed. Production of sporangia and zoospore will be evaluated by

light microscopy. Zoospore will be washed for 3 times with endotoxin-free phosphate

buffer saline (PBS) (Life technology, NY, USA) at 4°C for 1 h. The live zoospore will
be resuspended with RPMI 1640 (Life technology, NY, USA) supplemented with 10%
heat-inactivated FBS, 25 mM HEPES, 1X penicillin/streptomycin and 100 U/ml of GM-
CSF. These zoospores will be counted using hemacytometer. Controlled medium

without P. insidiosum will be also included in each experiment.

Real-time PCR

Total RNA will be extracted from the THP-1 cells and hMDM using RNAeasy kit
(IQIAGEN). Reverse Transcription of mRNA and synthesis of cDNA will be performed
using Superscript Il first strand synthesis (Invitrogen). Real-time PCR will be performed
using the SYBR Green gPCR Master Mix (BIORAD) on real-time PCR machine
(BIORAD). Relative quantification of genes will be normalized against GAPDH. The
primers for target mMRNA; pro-IL-1B, IL-1, NLRP3, AIM2 and NLRP1, will be used.

Quantification of cytokines by ELISA

Supernatants of THP-1 cells or hMDM will be harvested. Human IL-1f and IL-8 (BD
Biosciences) will be analyzed by ELISA according to the manufacturer’s instructions.
Generation of THP-1 cells expressing shRNA

shRNA vectors against human NLRP3, ASC and their scramble vectors will be used.
Lentiviruses expressing hairpins directed against these target genes will be produced by
transfecting shRNA vectors and the second-generation packaging into 293T cells. The
viral particles will be harvested 24 h later and infected into THP-1 cells. The positive
clones will be selected using antibiotics. The silencing efficiency will be analyzed by

real-time PCR and used for further studies.
Immunoblotting

THP-1 cells will be pelleted and incubated in lysis buffer containing 50 mmol/L Tris (pH

7.5), 1% NP-40, 150 mmol/L NaCl, and protease inhibitor cocktail. After centrifugation,
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the supernatants will be harvested and mixed with SDS loading buffer. The protein-
loading buffer mixture will be then heated at 100°C for 10 min and separated on SDS-
PAGE. The proteins will be then transferred onto nitrocellulose membranes and will be
blocked with 5% bovine serum albumin in 1x TBS containing 0.05% Tween-20 and then
probed with primary antibodies to mature IL-1B, NLRP3, ASC, caspase-1, B-actin. After
incubation with appropriate HRP-conjugated secondary antibodies, the immunoreactive

bands will be visualized using ECL reagent (Amersham).

In vitro P. insidiosum challenge

The 1 x 10° THP-1 cells scramble or NLRP3/ASC silenced hBMDM cells will be treated
with P. insidiosum. The supernatants will be harvested 6 h later for determination of IL-
1B and IL-8 concentration by ELISA (BD Biosciences). In some cases, supernatants or
cell extracts will be collected for immunoblot analysis. 1 x 10° hMDM (WT, NLRP3 KO
and ASC KO) will be treated with PBS or P. insidiosum for 6 h and the culture
supernatants will be harvested for IL-1 and IL-8 assay by ELISA (eBiosciences). The
1 x 10° hMDM (WT, NLRP3 KO and ASC KO) will be treated with P. insidiosum for 6 h
and the culture supernatants, cell pellets and cell lysates will be harvested to detect IL-

1B and caspase-1 by Western blot.

Statistical analysis
Data will be analyzed for statistical significance by two-tailed student’s t-test. A P-value

of < 0.05 will be considered as statistically significant.
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