:' frontiers ‘ Frontiers in Immunology

ORIGINAL RESEARCH
published: 03 June 2022
doi: 10.3389/fimmu.2022.903834

OPEN ACCESS

Edited by:
Jessy J. Alexander,
University at Buffalo, United States

Reviewed by:

Alok Agrawal,

East Tennessee State University,
United States

Rahul Sharma,

University of Virginia, United States

*Correspondence:
Udai P. Singh
usingh1@uthsc.edu

Specialty section:

This article was submitted to
Autoimmune and
Autoinflammatory Disorders,
a section of the journal
Frontiers in Immunology

Received: 24 March 2022
Accepted: 10 May 2022
Published: 03 June 2022

Citation:

Kiran S, Rakib A and Singh UP
(2022) The NLRP3 Inflammasome
Inhibitor Dapansutrile

Attenuates Cyclophosphamide-
Induced Interstitial Cystitis.

Front. Immunol. 13:903834.

doi: 10.3389/fimmu.2022.903834

Check for
updates

The NLRP3 Inflammasome
Inhibitor Dapansutrile Attenuates
Cyclophosphamide-Induced
Interstitial Cystitis

Sonia Kiran, Ahmed Rakib and Udai P. Singh *
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Interstitial cystitis (IC)/bladder pain syndrome (BPS), hereafter referred together as IC, is a
clinical syndrome characterized by sterile inflammation in the bladder. While the etiology
and pathophysiology of IC remain unclear, it may involve autoimmunity in light of the
significant role played by the NLRP3 inflammasome. However, the effect of NLRP3
inhibitors including dapansutrile (Dap) on IC had not been explored previously. Here, we
investigated the effect of Dap in the cyclophosphamide (CYP)-induced experimental
mouse model of IC, which results in functional and histological alterations confined to
the urinary bladder (UB) comparable to that of clinical IC. CYP-induced mice treated with
Dap exhibited improved UB pathology and reductions in inflammation scores and the
frequency and the number of mast cells and neutrophils, relative to mice that received
CYP alone. Dap- and CYP-treated mice also exhibited infiltration of T cells in the spleen
and iliac lymph nodes (ILNs) and a concurrent significant decrease (p<0.01) in
CXCR3"CD8" T cells in the UB, induction of systemic and mucosal dendritic cells
(DCs), and reduced levels of systemic proinflammatory cytokines, as compared to CYP
alone. We also observed decreases in the expression of several signaling pathways
regulators, including interleukin-1 beta (IL-1p), NLRP3, caspase-1, nuclear factor kappa B
(NF-xB), and inducible nitric oxide synthase (iNOS) in the UB of CYP- and Dap-treated
mice, relative to those receiving CYP alone. Taken together, these results suggest that
Dap suppresses IC through the reduction of CXCR3*T cells, mast cells, and neutrophils in
the UB and induces DCs as a protective measure. The present study identifies the
mechanisms underlying the amelioration of IC by the NLRP3 inhibitor Dap and may
provide an avenue for a potential therapeutic agent for the treatment of IC.
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INTRODUCTION

Interstitial cystitis (IC)/bladder pain syndrome (BPS), hereafter
referred together as IC, is characterized by symptoms of the
lower urinary tract (LUT), including chronic pain, bladder
discomfort, and pelvic tenderness. The number of IC cases
continues to increase and currently numbers ~6,530 females
and ~4,200 males per 100,000 persons diagnosed with IC (1).
While the precise etiology of IC remains unclear, increasing
evidence supports the roles of chronic stress, infection, and
immune modulation in exacerbating IC. Consequently, most
IC patients reporting inconsistent pain and urinary void
frequency were further negatively impacted due to stressful
conditions (2, 3). Urinary bladder (UB) urothelial dysfunction
and inflammation in the urothelium are also associated with IC
(4), suggesting a role for immune modulation in the UB.
Epithelial dysfunction causes abnormal infiltration of mast
cells, neutrophils, dendritic cells (DCs), and activated T cells,
all of which interact with components of the urothelium to cause
UB inflammation (1). Moreover, infection by Escherichia coli
releases lipopolysaccharide, which leads to further activation of
inflammasomes and releases pro-inflammatory cytokines and
interleukin (IL)-1f, which also enhances inflammation (5, 6).

The principal etiology of IC involves this increase in the
numbers of T cells and mast cells and the local adaptive immune
response in the UB (7). Urothelial antigen-specific CD4 T cells
serve as direct effector cells to induce bladder autoimmune
inflammation (8). Experimental and clinical IC are both
characterized by an increase in the number of mast cells below
the epithelial layer (9), where they produce a variety of cytokines
and chemokines, including the CXCR3 ligand CXCL9, which
attract neutrophils (10), T cells (11), and partially contribute to
bladder injury (12). Mast cells also secrete several cytokines,
leading to visceral and neurogenic inflammation (13).
Submucosal macrophages increase in number during IC and
induce inflammation by enhancing the production of inducible
nitric oxide synthase (iNOS) by inflammatory cells, thereby
altering the histopathology of the urothelium (14).
Interestingly, in a model of arthritis, the number of T cells that
express CXCR3 increases, while blocking the interactions of
CXCR3 with other molecules suppresses the severity of
arthritis (15). Similarly, the results of our previous studies in
CYP-induced cystitis suggest that activated T cells infiltrate the
bladders of mice (16). Therefore, UB inflammation emerges as a
key element in the pathology of IC. Thus, determining the
precise tool to suppress UB inflammation and autoimmunity
during IC will lead to better treatment options.

To date, no single effective therapeutic approach has been
developed for IC, despite the application of several unsuccessful
approaches. Recently Chuang et al. (2020) utilized extracorporeal
shock wave therapy (ESWT) as a remedy for IC but no thorough
investigation has been performed to optimize the dosage and
effects of ESWT treatment on IC (17). Therapeutic agents such as
amitriptyline, pentosan polysulfate (PPS), and cyclosporin have
been used with some partial success, but the majority of these
drugs have adverse side effects (18). For example, treatment of IC

with amitriptyline leads to weight gain, feelings of sedation, and
drowsiness (19).

The thioredoxin antioxidant system is negatively regulated by
thioredoxin interacting protein (TXNIP) (20). TXNIP is vital in
the oxidative stress processes of many diseases, including acute
lung injury (21), atherosclerosis (22), and ischemia-reperfusion
injury (23). In IC, inhibition of TXNIP activity may reverse
oxidative stress (24) via a pathway that involves the NOD-, LRR-
and pyrin domain-containing protein 3 (NLRP3) inflammasome
(1). The NLRP3 inflammasome can be activated by several
different substances, including molecules related to injury,
bacterial infection, and other environmental stimuli (25, 26).
TXNIP links NLRP3 inflammasomes with linking reactive
oxygen species (ROS), thereby serving as a connecting bridge
between inflammation and oxidative stress. Inflammation is
enhanced by activation of the proinflammatory transcription
factor nuclear factor-kB (NF-xB), which mediates the release of
pro-inflammatory factors including tumor necrosis factor-alpha
(TNF-a) (27), activates NLRP3 transcription, and stimulates
inflammasome formation (28). NLRP3 inflammasomes also
recruit and activate the protease caspase-1, leading to the
release of the proinflammatory cytokine interleukin 1 beta (IL-
1B) (29). Thus TXNIP, NLRP3, and NF-xB may provide
druggable targets for the development of novel treatments for IC.

In the cyclophosphamide (CYP)-induced mouse model for
IC, intraperitoneal (i.p.) injection of CYP increases levels of
NLRP3 inflammasomes that mediated bladder injury and
inhibition of NLRP3 could effectively reverse this damage (30).
For example, the NLRP3 inhibitor dapansutrile (Dap)
ameliorates inflammation-related immune cell infiltration in
experimental autoimmune encephalomyelitis (30) and lowers
the metabolic cost of inflammation (31). However, the
mechanism by which NLRP3 inhibitors such as Dap suppress
the severity of IC symptoms and alter the immune response in
the UB remains elusive until now. Therefore, the goal of this
study is to determine how Dap attenuates CYP-induced IC
in mice.

We report here that Dap effectively eases the severity of IC by
inducing dendritic cell (DC) numbers in systemic and mucosal
organs, reducing numbers of inflammatory mast cells, activated
T cells, and neutrophils, and decreasing levels of systemic
cytokines via the caspase-1 and NF-xB pathways, thereby
decreasing levels of iNOS and IL-1. Our study supports the
efficacy of Dap as a potential treatment for IC and provides an
opportunity for developing novel therapeutic agents for
clinical IC.

MATERIALS AND METHODS

Mice

Female C57BL/6 mice strain at age ~8 weeks and weighing 18-20
grams were procured from Jackson Laboratories (Bar Harbor,
ME). All mice were maintained in specific cages under normal
12:12 h light and dark cycles for a week of acclimatization in
conventional housing conditions at the University of Tennessee
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Health Science Center (UTHSC) laboratory animal care unit. All
possible efforts were made to reduce animal pain and stress. The
UTHSC Institutional Animal Care and Use Committee (IACUC)
approved all animal experimental protocols used in this study
(UPS# 20-0169). Power analysis indicated that six mice per
group would allow detection of effect sizes and standard
deviations between groups at a significance level of 5% and
power of 80% using two-sided t-tests or within the context of
ANOVA. At the end of the week of acclimatization, the mice
were randomly divided into three groups (n=6 mice/group):
Control, CYP+vehicle, or CYP+Dap). Each study was repeated
three times to ensure statistical relevance.

Cyclophosphamide Induced IC

The cytostatic agent cyclophosphamide (CYP; ICN Biomedicals,
Aurora, OH) is commonly used to cure bladder-toxic neoplastic
diseases and stimulate hemorrhagic IC. To induce experimental
IC in mice, animals were injected with CYP (100 pl containing
80mg/Kg body weight) via the i.p. route on alternate days (1, 3, 5,
and 7), while the control group received 100 pl of saline on the
same schedule, until the experimental endpoint on day eight. We
monitored the mice daily for changes in body weight and
behavior (grooming, guarding) that could reflect the symptoms
of IC.

Pharmacological Treatments

of Dapansutrile

The NLRP3 inflammasome inhibitor dapansutrile (Dap; Tocris
R&D systems, Minneapolis, MN) was administered to the
CYP+Dap group of mice (100pl containing 100mg/kg body
weight) via oral gavage every other day (2, 4, 6, and 8) during
the CYP treatment until the experimental endpoint on day eight.
As noted above, we monitored the mice daily for changes in body
weight and behavior (grooming, guarding) that could reflect the
symptoms of IC.

Single-Cell Suspensions From Spleen, lliac
Lymph Nodes, and UBs

At the experimental endpoint, whole blood was collected (see
below) and all mice were euthanized on day eight following
isoflurane inhalation. The spleen, iliac lymph nodes (ILNs), and
UB of each mouse were harvested individually and each was
dissociated using a stomacher (Seward Stomacher® 80) to make
a single-cell suspension. Red blood cells (RBCs) were eliminated
from the spleen with the help of lysis buffer (Thermo Fisher
Scientific). Mouse UB cells were separated using a multi-tissue
dissociation kit. In brief, the UB was collected and gently placed
in MACS C tubes (MACS Miltenyi Biotec, 130-096-334) and
processed using a multiple tissue dissociation kit (MACS
Miltenyi Biotec, 130-110-201) with the help of a gentle
MACS™ Dissociator (MACS Miltenyi Biotec, 130-093-235).
Cell debris was removed using a cell strainer with 70y mesh
(Sigma, St. Louis, MO), and UB cells were washed with RPMI
1640 medium containing 10% fetal bovine serum (FBS), and
placed at 4°C for use in flow cytometry later on the same day,
within two hours of isolation.

Flow Cytometry Staining and Analysis

Fluorescent-conjugated antibodies, their respective isotype
controls, and compensation beads were obtained from Bio-
Legend (San Diego, CA). Cells were isolated from the spleens,
ILNs, and the UBs from each mouse. Cells were stained by
resuspending them in 80pl of ice-cold flow cytometry staining
buffer (PBS containing 1% FBS) and 5pl of each fluorescent-
conjugated antibody or their respective controls for 40 min at 4°
C. All antibodies were mouse monoclonals: anti-CD 11b (clone
M1/70), anti-CD 11c (clone N418), anti-CD3 (clone 12A2), anti-
Ly6c (HK 1.4), anti-CD8 (clone 5367), anti-CD4 (clone GK 1.5),
CXCR3 (clone CXCR3-173), CD117/c-kit (clone 2B8), and
FCeRlo (clone MAR-1). After incubation, the cells were
thoroughly rinsed and resuspended in 300ul of FACS buffer
and analyzed using an Agilent Novocyte flow cytometer.

Changes in Cytokine and Chemokine
Levels During IC

Whole blood samples were taken at the time of sacrifice as noted
above, sera were collected by centrifugation and stored at -80°C
before analysis. Systemic levels of proinflammatory and anti-
inflammatory cytokines and chemokines were determined
simultaneously using the Milliplex® MAP mouse cytokine/
chemokine magnetic beads kit (MCYTOMAG-70K; Millipore
Sigma). The 96-well detection plates were washed with wash
buffer before 25ul of standards, controls, or serum samples from
control, CYP+vehicle, and CYP+Dap groups of mice were added
to the proper wells and 25l of beads were added to each well.
The plate was incubated at 4°C on continuous shaking, the solute
was gently removed from each well by aspiration, and the plate
was washed twice with a magnetic plate washer. A detection
antibody (25ul) was added, the plate was incubated at room
temperature (RT) for 1 h with continuous shaking, and
streptavidin-phycoerythrin (25pl) was also added to some
wells. The plate was wrapped with foil and incubated at RT on
a shaker for 30 min. Finally, the contents of each well were
removed by aspiration, the wells were washed using a plate
washer, sheath or drive fluid (150uL) was added, and the plate
was read using an LX200 Luminex instrument. The data was
analyzed and the cytokine/chemokine concentrations were
calculated and graphed with GraphPad Prism software.

Immunoblot Analysis

The protein in pooled UB cell lysates from each group was
analyzed by immunoblot. Protein concentrations in each lysate
were determined using a BCA Protein Assay Kit (Pierce;
ThermoFisher Scientific) and 20ug of protein from each group
was separated on a precast 12% sodium dodecyl sulfate (SDS) gel
until the dye front reached the bottom of the gel. Proteins were
transferred from the SDS-PAGE gel to a PVDF membrane
(#1620174, Bio-Rad) using a Trans blot turbo instrument (Bio-
Rad). Membranes were blocked with intercept blocking buffer
(#92760001, LI-COR Biosciences USA) at RT for 1 h and
incubated with primary antibodies overnight at 4°C with
shaking. Primary antibodies used were anti-IL-1f3 (1:1000, 3A6,
Cell Signaling), anti-Caspase 1 (1:1000, E2Z1C, Cell Signaling),

Frontiers in Immunology | www.frontiersin.org

June 2022 | Volume 13 | Article 903834


https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

Kiran et al.

NLRP3 Inhibitors Attenuate Interstitial Cystitis

anti-NLRP3/NALP3 (1:200, # AG-20B-0014-Cryo-2, AdipoGen
Life Sciences, San Diego, CA), anti-NOS2 (1:200, #SC-7271,
Santa Cruz Biotechnology), anti-NF-xB p50 (1:200, #8414,
Santa Cruz Biotechnology), and anti-B-actin (1:1000) (#926-
42212, LI-COR Biosciences). Membranes were washed (three
times 5 min each) in PBS containing 0.2% Tween 20 and
incubated with IRDye® 800CW-labeled %oat anti-mouse IgG
(#926-32210, LI-COR Biosciences), IRDye™~ 680RD-labeled goat
anti-mouse IgG (#925-68070, LI-COR Biosciences), or goat anti-
rabbit IgG (#926-32211, LI-COR Biosciences) secondary
antibodies (1:5,000) at RT for 1 h. Images were scanned using
the LI-COR Biosciences Odyssey Sa Infrared Imaging system and
densitometry analyses were performed with LI-COR Image
Studio Software.

Histology

The bladder sections of individual mice from three independent
groups (control, CYP+vehicle, and CYP+Dap) were rinsed with
PBS, fixed in fresh 10% paraformaldehyde, and embedded in
paraffin. The tissues were sectioned at 4um and stained with
hematoxylin and eosin (H&E) in UTHSC’s histology core facility.
The sections were examined microscopically at magnifications of
40X and scored for the severity of cystitis. The data presented are
the mean + SEM percentage of changes in each experimental
group. The inflammatory state of the three groups (control, CYP
+vehicle, and CYP+Dap) UBs was characterized and scored as
described earlier (32). In brief, the scoring was as follows: 0-1, no
to a few (<10) mononuclear cellular infiltrates and no signs of
inflammation in the UB; 2-3, minimal hyperplasia with a mixture
of (<50) mononuclear cells and various immune cellular infiltrates;
4-5, major hyperplasia and a large number of cellular infiltrates in
the UB lamina propria; 5-6, major hyperplasia, epithelial cell
erosion, a large number of cellular infiltrates, and inflammation
in the sub-mucosa.

Statistical Analysis

Several response variables were measured for each experimental
unit within the three groups (control, CYP+vehicle, and
CYP+Dap) and the mean values and standard error of the
sample mean (SEM) were calculated. T-tests within the context
of ANOVA were used to show whether any differences in mean
cytokine/chemokines levels between the three groups were
statistically significant. The results were analyzed using the
Statview II statistical program (Abacus Concepts, Inc.,
Berkeley, CA) for Macintosh computers and were considered
statistically significant if p values were less than 0.05 (*p<0.05;
**p<0.01; ***p<0.001).

RESULTS

Changes in Body Weight, Wet Bladder
Weight, Inflammation Score, and
Histopathology During CYP-Induced IC

We examined changes in body weight and wet bladder weight of
mice in the control, CYP+vehicle, and CYP+Dap treated groups.

While we did not observe any statistically significant changes in
body weight between vehicle-treated mice and mice treated with
Dap after CYP induction, CYP treatment reduced body and wet
bladder weight relative to the control group (P<0.05). Dap
treatment slightly improved body weight (Figure 1A) and
improved wet bladder weight (Figure 1B), relative to CYP
alone. Changes in urinary bladder (UB) pathology and
inflammation score were examined in all three groups of mice
at the experimental endpoint. The UB of control mice exhibited
normal UB pathology with only limited (<10) inflammatory
immune cell infiltrates (Figure 1C), while the mice that received
CYP+vehicle exhibited extensive small to multifocal cellular
infiltrates comprised primarily of T cells, mast cells, and
neutrophils (Figure 1C middle panel) relative to the control.
In mice treated with both CYP and Dap, the cellular infiltrates
and IC inflammatory score was reduced compared to the CYP
+vehicle group (Figure 1D). Taken together, these results
suggest DAP treatment reduced the severity and inflammatory
pathology of CYP-induced IC.

Dap Modulates Systemic and Mucosal

T Cell Responses

We used flow cytometry to determine the effect of Dap treatment
on the populations of T cells in the spleens, ILNs, and UBs of
mice with CYP-induced IC. After CYP induction, the frequency
of CD4 and CD8T cells increased in the spleens and UBs and
decreased in the ILNs relative to controls. Dap treatment had the
opposite effect in increasing the frequency and numbers of CD4
and CDS8T cells in ILNs (Figures 2A-C) and reducing them in
the UBs and numbers in the spleen (Figures 2D, E). These
findings suggest that in CYP-induced IC, there is a considerable
reduction of T cells in ILNs but an increased frequency of T cells
in the UBs. However, Dap treatment reduces the frequency and
number of both T cells in the UBs, which might be in part
responsible for reducing the severity of IC.

Dap Treatment Reduces the Frequency of
the CD8"CXCR3'T Cell in the UB

The chemokine receptor CXCR3 facilitates T cell differentiation,
induces the generation of both effector and memory T cells, and
is important for the proper functioning of T cells and mast cells.
The increased expression of CXCR3 on the surface of T cells is
also an indicator of their activation in various inflammatory
conditions disease models. In this study, we observed a
significant reduction (p<0.01) in the numbers and frequency of
CXCR3"expressing CD8 T cells in the Dap treated group spleen
and UBs as compared to CYP alone (Figures 3A, B). This
reduction in activated CD8"CXCR3" T cells in the UBs after
Dap treatment might account for reductions in the severity and
inflammation during IC.

Dap Treatment Affects the Frequency and
Distribution of Dendritic Cells

DCs can engulf antigens, process them, and present them to T
cells. During inflammation, DCs migrate from non-lymphoid to
lymphoid tissues for activation of naive T cells. DC activation is a
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FIGURE 1 | Changes in body weight, bladder weight, inflammation score, and urinary bladder (UB) histology after Dap treatment during CYP-induced IC. C57BL/6
control mice (m) received normal water, (®) received CYP+vehicle, and (a) received CYP+Dap (100 mg/kg body weight of dapansutrile every alternate day beginning
at day two, while both CYP+vehicle and CYP+Dap groups received CYP continually every alternate day beginning at day one until day eight. The body weight of the
mice was recorded every day, and any body weight changes are expressed in (A) Mice were sacrificed after eight days and the wet bladder weights of the three
groups of mice are presented in (B) Histological sections of UBs from the three groups of mice are shown in (C) Mice that received CYP+vehicle showed cellular
infiltration and reduced lumen space as compared to control mice (C; arrow), while mice that received CYP+Dap showed significantly reduced cellular infiltrations
and lower inflammation scores (D). All data represent the mean value + SEM from three independent experiments involving six mice per group (n=18). Asterisks
indicate statistically significant differences between CYP-+vehicle- and CYP+Dap-treated groups (“p<0.05 and **p<0.01) or statistically significant differences between

control and CYP induced wet bladder weight (**p<0.001).

critical step during inflammation. To better define the role of
Dap in mediating DCs during IC, we assessed changes in
frequency and number of DCs (CD11b" CD11c") in spleens,
ILNs, and UBs of mice after CYP induction in the presence or
absence of Dap treatment. The mice treated with CYP+vehicle
exhibited decreased levels of DCs in the spleens and ILNs relative
to control-treated mice, while those treated with CYP+Dap
exhibited a significant increase in DC numbers in both organs
relative to CYP alone (Figures 4A-C). In contrast, CYP+vehicle
treatment-induced DCs in the UBs, while CYP+Dap treatment
reduced the numbers of UBs DCs (Figures 4A, D). Thus, Dap
differentially mediates DCs in systemic and mucosal organs
during IC. The substantial decrease in the number of UB DCs
after Dap treatment could reduce T cell activation and might play
a role in suppressing the severity of IC.

Dap Treatment Reduces the Number of
Neutrophils During IC

It has been shown that the concentration of neutrophil elastase in
the urine is increased and it correlates with pain and bladder
function in cystitis patients (33). We, therefore, examined the
effects of Dap treatment on the frequency and number of
neutrophils in CYP-induced IC in mice. We observed a
decrease in the number of neutrophils in the spleens and ILNs
and an increase in the UBs after the induction of IC, as compared
to control mice (Figures 5A-D). However, the number and
frequency of neutrophils from spleens and ILNs were
significantly increased after CYP+Dap treatment
(Figures 5B, C). In contrast, the number and frequency of
neutrophils decreased after CYP+Dap treatment as compared

to CYP alone in UBs (Figure 5D). The substantial decrease in the
number of neutrophils in UBs by Dap treatment might suppress
the severity of CYP-induced IC.

Dap Reduces the Frequency of Mast Cells
(FceRI+CD117) During CYP-Induced IC

We next examined the changes in the frequency and number of
mast cells (MCs) in ILNs and the UBs during CYP-induced IC in
the presence and absence of Dap treatment. The number and
frequency of MCs (FceRI+CD117) were decreased in ILNs and
significantly increased in the UBs (p<0.01) of CYP+vehicle-
treated mice relative to control mice (Figures 6A-C) This
alteration was significantly reversed in the UBs after CYP+Dap
treatment (Figure 6C). These data suggest that while the huge
number of MCs attracted to the UBs during CYP-induced may
be responsible for the progression of disease severity, their
suppression by Dap treatment may be responsible for
suppressing IC severity and symptoms.

CYP Differentially Induces Cytokine and
Chemokine Responses During IC

Urinary chemokines and cytokines are considered to be the
noninvasive predictor of IC (34). We used a Bio-Plex ELISA assay
to measure the levels of these chemokines and cytokines in the serum
from the three groups of mice described above. CYP-induced mice
exhibited elevated levels of systemic C-X-C motif chemokine ligand
10 (CXCL10)/interferon-gamma-inducible protein 10 (IP-10), IL-1B,
IL-10, IL-17, interferon-gamma (IFN-y), monocyte chemoattractant
protein-1 (MCP-1), macrophage inflammatory protein-1 alpha
(MIP-10r), MIP-1B, RANTES (regulated upon activation, normal
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CYP+vehicle and CYP+Dap treated groups (*p < 0.05).
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experiments that produced similar results are depicted in the figure.

Control cyp } CYP+ Dap 8
A s @1 @z ] 2T@ @2 | 2Ta 3 B Spleen ¥
208% 607% 217% 667% 360% 1355%
2 : : 2 of|
© &
b
B S 8z I
33
£ s
3=
93
% 2 © 24
2 2
03t 108 104 105 10¢ 1037 102 104 105 108 031 103 104 105 108
2 Tzt @2 | = Ja @2 | 2T @2 C
1.09% 161% 024% 081% 2.16% ILNs *
2 2 2 2
a
Sle] s T E ¢t
=3 5. al 3 = a <
o e - w O g0
. BRI 3 3 1
L AN . g = 84
- 2 Q3
3| SUEL o] B | =1a Qb ©3
- 155 Sl T 1ae3 SRR T S |- 502% 2
2, 15530% 201% o ol =
2 2 1%8% 212% | =
“a031 103 o0 0 0 103 ot 105 106
- <1037 103 104 105 108 I_L|
=Tt Q2] 2Tam @2 | 2Ta @2 D
8% 410% 1661% 8.75% 1843% 1030% 25]uB
2 el I I I
S'gz'o *
T b - c 3%
= 2 = ® O Z s
+ 3
2 5
T3
8 310
o . TE T o [ S 3 1
e At D] ey v R o ——
= a3 Qs | S 1d3 Qs o Qs
2, 18063% 038% | o {73es% ¥ 0% | B ]7085% 0.32% 05
1031 102 104 105 105 1007 10% 104 108 108 1037 103 104 108 108
o.
Control cYp CYP+Dap
CD11b

FIGURE 4 | Dap alters dendritic cells (DCs) frequency during IC. Single-cell suspensions from the spleen, ILN, and UB were isolated from the three groups at the
experimental endpoint, as described in the legend in Figure 2. Mean values + SEM from three independent experiments involving six mice per group (n=18) are
shown. Changes in the frequency and expression of DCs (CD11b*CD11c™) from spleens, ILNs, and UBs cells are shown in (A), while changes in the number of DCs
in the spleen, ILN, and UBs are shown in (B-D), respectively. The statistical significance of flow cytometry data between the three groups was assessed and
asterisks indicate statistically significant differences between CYP+vehicle and CYP+Dap groups (*p<0.01). Representative data from one of at least three

T cell expressed and presumably secreted), and TNF-a
inflammatory cytokines and chemokines, relative to those in
control mice (Figure 7). However, CYP+Dap treatment reduced
these cytokine and chemokine levels during IC as compared to CYP
alone. These data indicate that these pro-inflammatory cytokines
play a role in inducing IC, mainly by increasing the different cell-
mediated immune responses, while the reduction of these levels by
Dap treatment might be responsible at least in part for reduced IC
inflammation in the UB.

Dap Suppresses Various Signaling
Pathways to Ameliorate IC

The NLRP3 inflammasome mediates activation of caspase-1 and
secretion of IL-1P in response to infection and cellular damage.
While nitric oxide suppresses NLRP3 activation and protects
against LPS-induced septic shock and reduces cytokine
production (35). We, therefore, determined the effect of Dap
on the IL-1P and NF-xB signaling pathways in the UBs of each
group of mice during IC by immunoblot analysis. Mice that
received CYP+vehicle induced the expression of caspase-1, IL-
1B, NLRP3, NF-xB, and iNOS, relative to control mice
(Figures 8A, B). In contrast, CYP+Dap treatment resulted in
decreased levels of caspase-1, IL-13, NLRP3, NF-xB, and iNOS,
relative to CYP+vehicle treatment. Taken together, these data
suggest that Dap reduces the caspase-1 and NF-xB signaling
pathways, thus suppressing the production of cytokines and
chemokines, which in turn ultimately reduce the severity of IC.

DISCUSSION

Despite numerous studies to date, the nature and etiology of IC are
still not fully understood. Several efforts focused on the mechanism
responsible for IC but were not successful due to the lack of a
suitable animal model that mimics human IC. More recently,
several autoimmune etiologies have been linked to IC conditions
and inflammation has emerged as a key constitutive element in the
events cascade leading to IC. For example, the levels of
proinflammatory cytokines increase in IC patients (36, 37). We
previously showed that inflammatory infiltrates, mainly activated T
cells, mast cells, and neutrophils were increased in the UB of mice
with CYP-induced IC (32). The NLRP3 inflammasome linked with
many inflammatory diseases is expressed by human bladder
epithelium cells (38). Thus, a better understanding of the intricate
balance between inflammatory disease and expression of the NLRP3
inflammasome, which alters the numbers of neutrophils, mast cells,
T cells, DCs, and their signaling pathways, will be required to
effectively treat IC. Our goal was to determine whether inhibition of
the NLRP3 inflammasome by its selective inhibitor, Dap, suppresses
CYP-induced IC. In this study, we demonstrated that inhibiting
NLRP3 using Dap reduced the IC disease score, level of systemic
cytokines, infiltration of T cells, mast cells, neutrophils, and
mediating DCs in the UB, thereby ameliorating the severity of IC.

Many reports have linked IC with several autoimmune
diseases (39). We and others have shown that in IC patients
and two experimental mouse models, T cells, neutrophils, and
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(n = 18) are shown. (A) Neutrophils were stained for Ly6C expression and analyzed by flow cytometry. Density plots are shown with the mean percentage changes
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FIGURE 6 | Change in mast cells after Dap treatment during IC. Single-cell suspensions from ILN and UB were isolated from the three groups at the experimental
endpoint, as described in the legend in Figure 2. Mean values + SEM from three independent experiments involving six mice per group (n=18) are shown. At the
experimental endpoint, mast cells (MCs) were for expression of FceRIl + CD117/c-kit, and analyzed by flow cytometry. Density plots are shown with the mean
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vehicle and CYP+ Dap treated groups (“p < 0.05).

mast cells are infiltrated in the UB (16, 32, 40). T cell phenotypes,
particularly Thl, are increased during IC (41), and CXCR3-
expressing T cells mediate Thl and inflammatory lymphocytes
(42). IC also induces a high number of infiltrating T cells (CD4"
and CD8") in the UB (43). In this study, we observed a
differential change in the number and frequency of CD4" and
CD8" T cells in the spleens and ILNs of mice treated with
Dap+CYP, relative to CYP+vehicle. However, numbers of these

cells were enhanced in the UBs of CYP-treated mice, as
compared to control. Conversely, the NLRP3 inhibitor Dap
suppressed the frequency and number of both CD4" and
CD8'T cells in the UB, suggesting a possible pathway to
suppress or remove these infiltrated cells from the UB.

Next, we determined the phenotypes of infiltrated T cells in the
UB. We observed that numbers of CXCR3-expressing T cells that
increase in CYP-induced IC were significantly reduced (p<0.01) in
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the spleens and the UBs after Dap treatment. It has been well
established that CYP administration leads to immunosuppression,
such as killing immune cells, interfering with the proliferation and
differentiation of B and T cells, and restraining the humoral and
cellular immune response (44). We and others have shown that T
cells infiltrated the mucosa of the urinary bladder (UB) of CYP-
induced mice (32, 43). Increased CXCR3 expression on activated T
cells has been reported previously during inflammatory bowel
disease (IBD), relative to controls (16, 45, 46). Similarities
between IBD and IC in T-cell and monocyte infiltration (47, 48)
suggest a possible pathway that Dap might use to suppress IC
symptoms. These leukocyte infiltrations in the bladder during CYP-
induced cystitis happen due to highly reactive aldehyde CYP-
derived metabolite acrolein mediated loss of bladder urothelium
and associated immune response. In this study, we believe that
acrolein insults result in epithelial cell damage and enhance
infiltration of T cells in the bladder that induce chemokines and
cytokines to enhance inflammation. Taken together these suggest
that after CYP induction loss of intestinal barrier function alters
mucosal immunity and participates in modulating the immune
response to enhance IC symptoms in the UB. While Dap reduces
the T cells in the UB, responsible in part for suppressing
inflammation during IC.

Neutrophils are important effector cells in the innate immune
system that are increased in the urine of IC patients (49).
Neutrophils react to multiple signals including cytokines and
other inflammatory factors that regulate inflammation. The
concentration of neutrophil elastase enzyme is elevated in IC
patients (33), suggesting a possible relationship with IC severity.
Interestingly, NLRP3 regulates neutrophil functions and
contributes to hepatic ischemia-reperfusion injury (50). In this
study, we observed that the number and percentage of
neutrophils were increased in the spleens and ILNs but
significantly declined in the UB of mice treated with
CYP+Dap, compared to those treated with CYP+vehicle. Our
findings suggest a differential function of neutrophils after Dap
treatment in systemic and effector sites (UB) by regulating the
suppression of other leukocyte functions like mast cells and
activated T cells in UB sites for ameliorating IC symptoms. These
effects may also be indirectly supported by a reduction in T cells,
mast cells, and cytokines levels after Dap treatment.

Mast cells (MCs) are multifunctional innate immune cells
that are involved in both clinical and experimental models of IC
(51). The number of MCs increases in the UB during IC (52) and
produces cytokines and chemokines that mediate neutrophils
(10). The number and frequency of MCs gated on FceRI+CD117
cell surface markers increased in IC patients relative to healthy
donors (53). MCs are closely involved with IC severity in UB
(51). Interestingly, a recent study showed that activation of MCs
by NLRP3 contributed to the development of endometriosis (54).
Further, high levels of infiltration by MCs occur in response to
the damage to bladder integrity due to frequent urinary toxicity
in IC (55). In our study, we observed a significant increase in the
number and frequency of MCs in the UB after CYP induction
that was suppressed by Dap treatment. In contrast, Dap
treatment was associated with increased numbers of MCs in

ILNs, suggesting a differential regulation in systemic and
mucosal sites that could alter IC severity. Taken together, our
data suggest a condition in which CYP induces MCs in the UB
sites leading to the development of severe IC. However, Dap
treatment reduced the MCs numbers in the UB which may, in
turn, lead to a decline in IC severity and symptoms.

Dendritic cells (DCs) are abundant in systemic and mucosal
tissue, where they help to regulate the immune response. Activation
of DCs is a critical step for antigen presentation that is required for
further activation and clonal expansion of T cells (56). On activation
of DCs, several chemokines participate in their recruitment to sites
of inflammation (57). In this study, we observed that both the
frequency and number of DCs increased in the spleens and ILNs
and decreased in the UB after CYP+Dap treatment, relative to CYP
+vehicle. Our data suggest that Dap may induce DCs to support T
cells for clonal expansion and function in the spleens and ILNs
while reducing DCs in the UB to suppress T cell functions.
However, this data did not allow us to reach any firm conclusions
about Dap’s differential function on DCs at the systemic and
mucosal sites for mediating T cell function.

Our previous study showed that the levels of several cytokines
and chemokines increased in an autoimmune-induced model of
cystitis (32) and we have detected increases in systemic levels of
TNF-o in other inflammatory models (46). Here, we report
decreased levels of TNF-o,, IL-17, IP-10, IL-1B, RANTES, MCP-1,
IL-10, and IFN-y in the serum of mice treated with Dap+CYP
relative to those in CYP+vehicle-treated mice. Several previous
reports suggested that inhibition of the NLRP3 inflammasome
attenuates cystic fibrosis, colonic inflammation, and other
inflammatory disorders (58-60). Taken together, our data suggest
that the involvement of these cytokines and chemokines in the
decreased inflammatory response after CYP+Dap treatment might
be responsible in part for protection from IC severity.

IL-1B is a clinically-relevant urinary marker for interstitial
cystitis (61) and has been identified as an immunotherapeutic
target for cystitis (62). NLRP3 inflammasomes are important
central mediators of CYP-induced bladder inflammation, and
caspase-1 expression is increased in bladder urothelial cells (63,
64). Inflammasome-dependent caspase-1 activation also paves
the way for the secretion of several pro-inflammatory cytokines,
including IL-1B (65). NLRP3 activation leads to cleavage of
procaspase-1 to activated caspase-1, which processes pro-IL-1f3
to mature, biologically active IL-1B (66). It has been shown that
extracellular vesicles derived from mesenchymal stem cells
suppress neuroinflammation and mechanical allodynia in rat
IC by inhibiting NLRP3 inflammasome activation (67). The
suppression of NF-xB pathways by the voltage-gated calcium
channel subunit 0,0-1 reduces cystitis symptoms and bladder
hypersensitivity (68) iNOS plays a role in CYP-induced cystitis
in rats (69). Towards, an herbal medicine-derived Shionone
alleviates interstitial cystitis in rat model via NF-xB, NLRP3
and GSDMD-N mediated pathways (70).

We observed reduced accumulation of IL-1, caspase-1, NF-kB,
and iNOS in the UB and increased accumulation of procaspase-1 in
CYP+Dap treated mice, relative to that in mice treated with CYP
+vehicle. These data corroborate previous findings and allow us to
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suggest that the mechanism by which IC severity is suppressed by
CYP+Dap treatment may occur through reduction of the systemic
and UB levels of caspase-1 and NF-xB pathways and their
downstream products IL-1B and iNOS levels. However, we will
need further in-depth study by overexpression or knockout of these
pathways to draw any prudent conclusions.

In summary, the results of our present study suggest that CYP
induction enhances activated T cells, neutrophils, and mast cells
that induced increased levels of pro-inflammatory cytokines and
chemokines, thereby increasing the severity of IC symptoms.
Treatment of mice with Dap reduced these overall cellular
immune responses, and levels of cytokines and chemokines
including IL-1B, along with caspase-1, NF-kB, and iNOS in the
UB, and differentially mediated DCs that regulate the UB
response and suppress IC severity. Our results highlight the
importance of NLRP3 inhibitors in suppressing IC and present
future opportunities for more detailed clinical studies.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

REFERENCES

1. Tudrej KB, Piecha T, Kozlowska-Wojciechowska M. Role of NLRP3
inflammasome in the development of bladder pain syndrome interstitial
cystitis. Ther Adv Urol (2019) 11:1-10. doi: 10.1177/1756287218818030

2. Birder LA. Pathophysiology of interstitial cystitis. Int ] Urol (2019) 26 Suppl
1:12-5. doi: 10.1111/iju.13985

3. Kanter G, Komesu YM, Qaedan F, Jeppson PC, Dunivan GC, Cichowski SB,
et al. Mindfulness-based stress reduction as a novel treatment for interstitial
cystitis/bladder pain syndrome: a randomized controlled trial. Int Urogynecol
J (2016) 27(11):1705-11. doi: 10.1007/s00192-016-3022-8

4. Jhang JF, Hsu YH, Peng CW, Jiang YH, Ho HC, Kuo HC. Epstein-Barr Virus
as a Potential Etiology of Persistent Bladder Inflammation in Human
Interstitial Cystitis/Bladder Pain Syndrome. J Urol (2018) 200(3):590-6.
doi: 10.1016/j.juro.2018.03.133

5. Bauer C, Duewell P, Mayer C, Lehr HA, Fitzgerald KA, Dauer M, et al.
Colitis induced in mice with dextran sulfate sodium (DSS) is mediated by
the NLRP3 inflammasome. Gut (2010) 59(9):1192-9. doi: 10.1136/gut.
2009.197822

6. Ozaki E, Campbell M, Doyle SL. Targeting the NLRP3 inflammasome in chronic
inflammatory diseases: current perspectives. J Inflammation Res (2015) 8:15-27.
doi: 10.2147/JIR.S51250

7. Gamper M, Viereck V, Eberhard J, Binder J, Moll C, Welter J, et al. Local
immune response in bladder pain syndrome/interstitial cystitis ESSIC type
3C. Int Urogynecol ] (2013) 24(12):2049-57. doi: 10.1007/s00192-013-
2112-0

8. Liu W, Chen X, Evanoft DP, Luo Y. Urothelial antigen-specific CD4+ T cells
function as direct effector cells and induce bladder autoimmune inflammation
independent of CD8+ T cells. Mucosal Immunol (2011) 4(4):428-37.
doi: 10.1038/mi.2010.90

9. Malik ST, Birch BR, Voegeli D, Fader M, Foria V, Cooper AJ, et al.

Distribution of mast cell subtypes in interstitial cystitis: implications for

novel diagnostic and therapeutic strategies? J Clin Pathol (2018) 71(9):840-4.

doi: 10.1136/jclinpath-2017-204881

Lin TJ, Garduno R, Boudreau RT, Issekutz AC. Pseudomonas aeruginosa

activates human mast cells to induce neutrophil transendothelial migration

via mast cell-derived IL-1 alpha and beta. J Immunol (2002) 169(8):4522-30.
doi: 10.4049/jimmunol.169.8.4522

10.

ETHICS STATEMENT

The animal study was reviewed and approved by The University
of Tennessee health Science Center.

AUTHOR CONTRIBUTIONS

US conceived the ideas, edited the manuscript, and performed
data analysis. SK performed the work, wrote the manuscript,
performed data analysis, and created the figures. RA performed
the western blot analysis, created the figures, and edited the
manuscript. All authors contributed to the article and approved
the submitted version.

ACKNOWLEDGMENTS

This study was supported in part by grants from NIAID RO1
AT140405 to US at UTHSC in Memphis, TN. The authors thank
the UTHSC Office of Scientific Writing for the critical review of
the manuscript.

11. Vincent-Schneider H, Thery C, Mazzeo D, Tenza D, Raposo G, Bonnerot C.
Secretory granules of mast cells accumulate mature and immature MHC class
1I molecules. J Cell Sci (2001) 114(Pt 2):323-34. doi: 10.1242/jcs.114.2.323
Choi HW, Bowen SE, Miao Y, Chan CY, Miao EA, Abrink M, et al. Loss of
Bladder Epithelium Induced by Cytolytic Mast Cell Granules. Immunity
(2016) 45(6):1258-69. doi: 10.1016/j.immuni.2016.11.003

Lopez SR, Mangir N. Current standard of care in treatment of bladder pain
syndrome/interstitial cystitis. Ther Adv Urol (2021) 13:1-10. doi: 10.1177/
17562872211022478

. Logadottir Y, Hallsberg L, Fall M, Peeker R, Delbro D. Bladder pain
syndrome/interstitial cystitis ESSIC type 3C: high expression of inducible
nitric oxide synthase in inflammatory cells. Scand J Urol (2013) 47(1):52-6.
doi: 10.3109/00365599.2012.699100

Mohan K, Issekutz TB. Blockade of chemokine receptor CXCR3 inhibits T cell
recruitment to inflamed joints and decreases the severity of adjuvant arthritis.
J Immunol (2007) 179(12):8463-9. doi: 10.4049/jimmunol.179.12.8463

. Sakthivel SK, Singh UP, Singh S, Taub DD, Novakovic KR, Lillard JW.
CXCL10 blockade protects mice from cyclophosphamide-induced cystitis. J
Immune Based Ther Vaccines (2008) 6(1):6. doi: 10.1186/1476-8518-6-6
Chuang YC, Meng E, Chancellor M, Kuo HC. Pain reduction realized with
extracorporeal shock wave therapy for the treatment of symptoms associated
with interstitial cystitis/bladder pain syndrome-A prospective, multicenter,
randomized, double-blind, placebo-controlled study. Neurourol Urodyn
(2020) 39(5):1505-14. doi: 10.1002/nau.24382

Colaco M, Evans R. Current guidelines in the management of interstitial
cystitis. Transl Androl Urol (2015) 4(6):677-83. doi: 10.3978/j.issn.2223-
4683.2015.11.03

van Ophoven A, Hertle L. Long-term results of amitriptyline treatment for
interstitial cystitis. J Urol (2005) 174(5):1837-40. doi: 10.1097/
01.ju.0000176741.10094.e0

Yoshihara E, Masaki S, Matsuo Y, Chen Z, Tian H, Yodoi J. Thioredoxin/
Txnip: redoxisome, as a redox switch for the pathogenesis of diseases. Front
Immunol (2014) 4:514. doi: 10.3389/fimmu.2013.00514

Rungsung S, Singh TU, Rabha DJ, Kumar T, Cholenahalli Lingaraju M, Parida
S, et al. Luteolin attenuates acute lung injury in experimental mouse model of
sepsis. Cytokine (2018) 110:333-43. doi: 10.1016/j.cyt0.2018.03.042
Nyandwi JB, Ko YS, Jin H, Yun SP, Park SW, Kim HJ. Rosmarinic acid
inhibits oxLDL-induced inflammasome activation under high-glucose

12.

13.

15.

17.

18.

19.

20.

21.

22.

Frontiers in Immunology | www.frontiersin.org

June 2022 | Volume 13 | Article 903834


https://doi.org/10.1177/1756287218818030
https://doi.org/10.1111/iju.13985
https://doi.org/10.1007/s00192-016-3022-8
https://doi.org/10.1016/j.juro.2018.03.133
https://doi.org/10.1136/gut.2009.197822
https://doi.org/10.1136/gut.2009.197822
https://doi.org/10.2147/JIR.S51250
https://doi.org/10.1007/s00192-013-2112-0
https://doi.org/10.1007/s00192-013-2112-0
https://doi.org/10.1038/mi.2010.90
https://doi.org/10.1136/jclinpath-2017-204881
https://doi.org/10.4049/jimmunol.169.8.4522
https://doi.org/10.1242/jcs.114.2.323
https://doi.org/10.1016/j.immuni.2016.11.003
https://doi.org/10.1177/17562872211022478
https://doi.org/10.1177/17562872211022478
https://doi.org/10.3109/00365599.2012.699100
https://doi.org/10.4049/jimmunol.179.12.8463
https://doi.org/10.1186/1476-8518-6-6
https://doi.org/10.1002/nau.24382
https://doi.org/10.3978/j.issn.2223-4683.2015.11.03
https://doi.org/10.3978/j.issn.2223-4683.2015.11.03
https://doi.org/10.1097/01.ju.0000176741.10094.e0
https://doi.org/10.1097/01.ju.0000176741.10094.e0
https://doi.org/10.3389/fimmu.2013.00514
https://doi.org/10.1016/j.cyto.2018.03.042
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

Kiran et al.

NLRP3 Inhibitors Attenuate Interstitial Cystitis

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

conditions through downregulating the p38-FOXO1-TXNIP pathway.
Biochem Pharmacol (2020) 182:114246. doi: 10.1016/j.bcp.2020.114246

Jia Y, Cui R, Wang C, Feng Y, Li Z, Tong Y, et al. Metformin protects against
intestinal ischemia-reperfusion injury and cell pyroptosis via TXNIP-NLRP3-
GSDMD pathway. Redox Biol (2020) 32:101534. doi: 10.1016/
j.redox.2020.101534

Cui L, Jiang X, Zhang C, Li D, Yu S, Wan F, et al. Ketamine induces
endoplasmic reticulum stress in rats and SV-HUC-1 human uroepithelial
cells by activating NLRP3/TXNIP aix. Biosci Rep (2019) 39(10):BSRZ0190595.
doi: 10.1042/BSR20190595

Cui D, Liu S, Tang M, Lu Y, Zhao M, Mao R, et al. Phloretin ameliorates
hyperuricemia-induced chronic renal dysfunction through inhibiting NLRP3
inflammasome and uric acid reabsorption. Phytomedicine (2020) 66:153111.
doi: 10.1016/j.phymed.2019.153111

Deng H, Chen F, Wang Y, Jiang H, Dong Z, Yuan B, et al. The role of activated
NLRP3 inflammatory body in acute kidney injury in rats caused by sepsis and
NLRP3-TXNIP signaling pathway. Saudi ] Biol Sci (2020) 27(5):1251-9.
doi: 10.1016/j.5jbs.2020.03.018

Liu T, Zhang L, Joo D, Sun SC. NF-kappaB signaling in inflammation. Signal
Transduct Target Ther (2017) 2:e17023. doi: 10.1038/sigtrans.2017.23

Shao A, Wu H, Hong Y, Tu S, Sun X, Wu Q, et al. Hydrogen-Rich Saline
Attenuated Subarachnoid Hemorrhage-Induced Early Brain Injury in Rats by
Suppressing Inflammatory Response: Possible Involvement of NF-kappaB
Pathway and NLRP3 Inflammasome. Mol Neurobiol (2016) 53(5):3462-76.
doi: 10.1007/512035-015-9242-y

Hirshman NA, Hughes FM]Jr., Jin H, Harrison WT, White SW, Doan I, et al.
Cyclophosphamide-induced cystitis results in NLRP3-mediated inflammation
in the hippocampus and symptoms of depression in rats. Am J Physiol Renal
Physiol (2020) 318(2):F354-F62. doi: 10.1152/ajprenal.00408.2019

Hughes FMJr., Kennis JG, Youssef MN, Lowe DW, Shaner BE, Purves JT, et al.
LRR and PYD Domains-Containing Protein 3 (NLRP3) Inflammasome
Mediates Inflammation and Voiding Dysfunction in a Lipopolysaccharide-
Induced Rat Model of Cystitis. ] Clin Cell Immunol (2016) 7(1):396-411.
doi: 10.4172/2155-9899.1000396

Marchetti C, Swartzwelter B, Gamboni F, Neff CP, Richter K, Azam T, et al.
OLT1177, a beta-sulfonyl nitrile compound, safe in humans, inhibits the
NLRP3 inflammasome and reverses the metabolic cost of inflammation. Proc
Natl Acad Sci U S A (2018) 115(7):E1530-E9. doi: 10.1073/pnas.1716095115
Singh UP, Singh NP, Guan H, Hegde VL, Price RL, Taub DD, et al. The
severity of experimental autoimmune cystitis can be ameliorated by anti-
CXCL10 Ab treatment. PloS One (2013) 8(11):e79751. doi: 10.1371/
journal.pone.0079751

Kuromitsu S, Yokota H, Hiramoto M, Morita S, Mita H, Yamada T. Increased
concentration of neutrophil elastase in urine from patients with interstitial
cystitis. Scand J Urol Nephrol (2008) 42(5):455-61. doi: 10.1080/
00365590802025881

Tyagi P, Killinger K, Tyagi V, Nirmal J, Chancellor M, Peters KM. Urinary
chemokines as noninvasive predictors of ulcerative interstitial cystitis. J Urol
(2012) 187(6):2243-8. doi: 10.1016/j.juro.2012.01.034

Mao K, Chen S, Chen M, Ma Y, Wang Y, Huang B, et al. Nitric oxide
suppresses NLRP3 inflammasome activation and protects against LPS-
induced septic shock. Cell Res (2013) 23(2):201-12. doi: 10.1038/cr.2013.6
Grover S, Srivastava A, Lee R, Tewari AK, Te AE. Role of inflammation in
bladder function and interstitial cystitis. Ther Adv Urol (2011) 3(1):19-33.
doi: 10.1177/1756287211398255

Kim HJ. Update on the Pathology and Diagnosis of Interstitial Cystitis/
Bladder Pain Syndrome: A Review. Int Neurourol ] (2016) 20(1):13-7.
doi: 10.5213/inj.1632522.261

Demirel I, Persson A, Brauner A, Sarndahl E, Kruse R, Persson K. Activation
of the NLRP3 Inflammasome Pathway by Uropathogenic Escherichia coli Is
Virulence Factor-Dependent and Influences Colonization of Bladder
Epithelial Cells. Front Cell Infect Microbiol (2018) 8:81. doi: 10.3389/
fcimb.2018.00081

van de Merwe JP. Interstitial cystitis and systemic autoimmune diseases. Nat
Clin Pract Urol (2007) 4(9):484-91. doi: 10.1038/ncpuro0874

Johansson SL, Fall M. Clinical features and spectrum of light microscopic
changes in interstitial cystitis. ] Urol (1990) 143(6):1118-24. doi: 10.1016/
$0022-5347(17)40201-1

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

MacDermott JP, Miller CH, Levy N, Stone AR. Cellular immunity in
interstitial cystitis. J Urol (1991) 145(2):274-8. doi: 10.1016/S0022-5347(17)
38313-1

Bonecchi R, Bianchi G, Bordignon PP, D'ambrosio D, Lang R, Borsatti A, et al.
Differential expression of chemokine receptors and chemotactic
responsiveness of type 1 T helper cells (Thls) and Th2s. ] Exp Med (1998)
187(1):129-34. doi: 10.1084/jem.187.1.129

Christmas TJ. Lymphocyte sub-populations in the bladder wall in normal
bladder, bacterial cystitis and interstitial cystitis. Br J Urol (1994) 73(5):508-
15. doi: 10.1111/j.1464-410X.1994.tb07635.x

Shirani K, Hassani FV, Razavi-Azarkhiavi K, Heidari S, Zanjani BR, Karimi G.
Phytotrapy of cyclophosphamide-induced immunosuppression. Environ
Toxicol Pharmacol (2015) 39(3):1262-75. doi: 10.1016/j.etap.2015.04.012
Yuan YH, ten Hove T, The FO, Slors JF, van Deventer SJ, te Velde AA.
Chemokine receptor CXCR3 expression in inflammatory bowel disease.
Inflamm Bowel Dis (2001) 7(4):281-6. doi: 10.1097/00054725-200111000-
00001

Singh UP, Singh S, Taub DD, Lillard JW]Jr. Inhibition of IFN-gamma-
inducible protein-10 abrogates colitis in IL-10(-/-) mice. ] Immunol (2003)
171(3):1401-6. doi: 10.4049/jimmunol.171.3.1401

Alagiri M, Chottiner S, Ratner V, Slade D, Hanno PM. Interstitial cystitis:
unexplained associations with other chronic disease and pain syndromes.
Urology (1997) 49(5A Suppl):52-7. doi: 10.1016/S0090-4295(99)80332-X
Harrington DS, Fall M, Johansson SL. Interstitial cystitis: bladder mucosa
lymphocyte immunophenotyping and peripheral blood flow cytometry
analysis. J Urol (1990) 144(4):868-71. doi: 10.1016/50022-5347(17)39611-8
Dodd LG, Tello J. Cytologic examination of urine from patients with
interstitial cystitis. Acta Cytol (1998) 42(4):923-7. doi: 10.1159/000331969
Inoue Y, Shirasuna K, Kimura H, Usui F, Kawashima A, Karasawa T, et al.
NLRP3 regulates neutrophil functions and contributes to hepatic ischemia-
reperfusion injury independently of inflammasomes. J Immunol (2014) 192
(9):4342-51. doi: 10.4049/jimmunol.1302039

Theoharides TC, Kempuraj D, Sant GR. Mast cell involvement in interstitial
cystitis: a review of human and experimental evidence. Urology (2001) 57(6
Suppl 1):47-55. doi: 10.1016/S0090-4295(01)01129-3

Sant GR, Theoharides TC. The role of the mast cell in interstitial cystitis. Urol
Clinics North Ame (1994) 21(1):41-53. doi: 10.1016/S0094-0143(21)00590-5
Larsen S, Thompson SA, Hald T, Barnard R, Gilpin CJ, Dixon JS, et al. Mast
cells in interstitial cystitis. Br J Urol (1982) 54(3):283-6. doi: 10.1111/j.1464-
410X.1982.tb06976.x

Guo X, Xu X, Li T, Yu Q, Wang J, Chen Y, et al. NLRP3 Inflammasome
Activation of Mast Cells by Estrogen via the Nuclear-Initiated Signaling
Pathway Contributes to the Development of Endometriosis. Front Immunol
(2021) 12:749979. doi: 10.3389/fimmu.2021.749979

Sholan RF. The level of nerve growth factor and its relationship with the
content of leukocytes and mast cells in experimental interstitial cystits/painful
bladder syndrome. Urologicheskie Vedomosti (2019) 9(3):7. doi: 10.17816/
uroved935-11

Iwasaki A, Kelsall BL. Localization of distinct Peyer's patch dendritic cell
subsets and their recruitment by chemokines macrophage inflammatory
protein (MIP)-3alpha, MIP-3beta, and secondary lymphoid organ
chemokine. ] Exp Med (2000) 191(8):1381-94. doi: 10.1084/jem.191.8.1381
Foti M, Granucci F, Aggujaro D, Liboi E, Luini W, Minardi S, et al. Upon
dendritic cell (DC) activation chemokines and chemokine receptor expression
are rapidly regulated for recruitment and maintenance of DC at the
inflammatory site. Int Immunol (1999) 11(6):979-86. doi: 10.1093/intimm/
11.6.979

Perera AP, Fernando R, Shinde T, Gundamaraju R, Southam B, Sohal SS, et al.
MCC950, a specific small molecule inhibitor of NLRP3 inflammasome
attenuates colonic inflammation in spontaneous colitis mice. Sci Rep (2018)
8(1):8618. doi: 10.1038/s41598-018-26775-w

McElvaney O], Zaslona Z, Becker-Flegler K, Palsson-McDermott EM, Boland
F, Gunaratnam G, et al. Specific Inhibition of the NLRP3 Inflammasome as an
Antiinflammatory Strategy in Cystic Fibrosis. Am ] Respir Crit Care Med
(2019) 200(11):1381-91. doi: 10.1164/rccm.201905-10130C

Jiang H, He H, Chen Y, Huang W, Cheng J, Ye J, et al. Identification of a
selective and direct NLRP3 inhibitor to treat inflammatory disorders. J Exp
Med (2017) 214(11):3219-38. doi: 10.1084/jem.20171419

Frontiers in Immunology | www.frontiersin.org

June 2022 | Volume 13 | Article 903834


https://doi.org/10.1016/j.bcp.2020.114246
https://doi.org/10.1016/j.redox.2020.101534
https://doi.org/10.1016/j.redox.2020.101534
https://doi.org/10.1042/BSR20190595
https://doi.org/10.1016/j.phymed.2019.153111
https://doi.org/10.1016/j.sjbs.2020.03.018
https://doi.org/10.1038/sigtrans.2017.23
https://doi.org/10.1007/s12035-015-9242-y
https://doi.org/10.1152/ajprenal.00408.2019
https://doi.org/10.4172/2155-9899.1000396
https://doi.org/10.1073/pnas.1716095115
https://doi.org/10.1371/journal.pone.0079751
https://doi.org/10.1371/journal.pone.0079751
https://doi.org/10.1080/00365590802025881
https://doi.org/10.1080/00365590802025881
https://doi.org/10.1016/j.juro.2012.01.034
https://doi.org/10.1038/cr.2013.6
https://doi.org/10.1177/1756287211398255
https://doi.org/10.5213/inj.1632522.261
https://doi.org/10.3389/fcimb.2018.00081
https://doi.org/10.3389/fcimb.2018.00081
https://doi.org/10.1038/ncpuro0874
https://doi.org/10.1016/S0022-5347(17)40201-1
https://doi.org/10.1016/S0022-5347(17)40201-1
https://doi.org/10.1016/S0022-5347(17)38313-1
https://doi.org/10.1016/S0022-5347(17)38313-1
https://doi.org/10.1084/jem.187.1.129
https://doi.org/10.1111/j.1464-410X.1994.tb07635.x
https://doi.org/10.1016/j.etap.2015.04.012
https://doi.org/10.1097/00054725-200111000-00001
https://doi.org/10.1097/00054725-200111000-00001
https://doi.org/10.4049/jimmunol.171.3.1401
https://doi.org/10.1016/S0090-4295(99)80332-X
https://doi.org/10.1016/S0022-5347(17)39611-8
https://doi.org/10.1159/000331969
https://doi.org/10.4049/jimmunol.1302039
https://doi.org/10.1016/S0090-4295(01)01129-3
https://doi.org/10.1016/S0094-0143(21)00590-5
https://doi.org/10.1111/j.1464-410X.1982.tb06976.x
https://doi.org/10.1111/j.1464-410X.1982.tb06976.x
https://doi.org/10.3389/fimmu.2021.749979
https://doi.org/10.17816/uroved935-11
https://doi.org/10.17816/uroved935-11
https://doi.org/10.1084/jem.191.8.1381
https://doi.org/10.1093/intimm/11.6.979
https://doi.org/10.1093/intimm/11.6.979
https://doi.org/10.1038/s41598-018-26775-w
https://doi.org/10.1164/rccm.201905-1013OC
https://doi.org/10.1084/jem.20171419
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

Kiran et al.

NLRP3 Inhibitors Attenuate Interstitial Cystitis

61.

62.

63.

64.

65.

66.

67.

68.

Martins SM, Darlin DJ, Lad PM, Zimmern PE. Interleukin-1B: a clinically
relevant urinary marker. J Urol (1994) 151(5):1198-201. doi: 10.1016/S0022-
5347(17)35212-6

Ambite I, Puthia M, Nagy K, Cafaro C, Nadeem A, Butler DS, et al. Molecular
Basis of Acute Cystitis Reveals Susceptibility Genes and Immunotherapeutic
Targets. PloS Pathog (2016) 12(10):e1005848. doi: 10.1371/
journal.ppat.1005848

Hughes FMJr., Vivar NP, Kennis ]G, Pratt-Thomas JD, Lowe DW, Shaner BE,
et al. Inflammasomes are important mediators of cyclophosphamide-induced
bladder inflammation. Am ] Physiol Renal Physiol (2014) 306(3):F299-308.
doi: 10.1152/ajprenal.00297.2013

Inouye BM, Hughes FMJr., Sexton SJ, Purves JT. The Emerging Role of
Inflammasomes as Central Mediators in Inflammatory Bladder Pathology.
Curr Urol (2018) 11(2):57-72. doi: 10.1159/000447196

Jin C, Flavell RA. Molecular mechanism of NLRP3 inflammasome activation.
J Clin Immunol (2010) 30(5):628-31. doi: 10.1007/s10875-010-9440-3

Yeon SH, Yang G, Lee HE, Lee JY. Oxidized phosphatidylcholine induces the
activation of NLRP3 inflammasome in macrophages. ] Leukoc Biol (2017) 101
(1):205-15. doi: 10.1189/j1b.3VMA1215-579RR

Zhang C, Huang Y, Ouyang F, Su M, Li W, Chen J, et al. Extracellular vesicles
derived from mesenchymal stem cells alleviate neuroinflammation and
mechanical allodynia in interstitial cystitis rats by inhibiting NLRP3
inflammasome activation. J Neuroinflamm (2022) 19(1):80. doi: 10.1186/
§12974-022-02445-7

Boudieu L, Mountadem S, Lashermes A, Meleine M, Ulmann L, Rassendren F,
et al. Blocking alpha2delta-1 Subunit Reduces Bladder Hypersensitivity and

Inflammation in a Cystitis Mouse Model by Decreasing NF-kB Pathway
Activation. Front Pharmacol (2019) 10:133. doi: 10.3389/fphar.2019.00133
Alfieri AB, Malave A, Cubeddu LX. Nitric oxide synthases and
cyclophosphamide-induced cystitis in rats. Naunyn Schmiedebergs Arch
Pharmacol (2001) 363(3):353-7. doi: 10.1007/s002100000371

Wang X, Yin H, Fan L, Zhou Y, Tang X, Fei X, et al. Shionone alleviates
NLRP3 inflammasome mediated pyroptosis in interstitial cystitis injury. Int
Immunopharmacol (2021) 90:107132. doi: 10.1016/j.intimp.2020.107132

69.

70.

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Kiran, Rakib and Singh. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication in
this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Immunology | www.frontiersin.org

June 2022 | Volume 13 | Article 903834


https://doi.org/10.1016/S0022-5347(17)35212-6
https://doi.org/10.1016/S0022-5347(17)35212-6
https://doi.org/10.1371/journal.ppat.1005848
https://doi.org/10.1371/journal.ppat.1005848
https://doi.org/10.1152/ajprenal.00297.2013
https://doi.org/10.1159/000447196
https://doi.org/10.1007/s10875-010-9440-3
https://doi.org/10.1189/jlb.3VMA1215-579RR
https://doi.org/10.1186/s12974-022-02445-7
https://doi.org/10.1186/s12974-022-02445-7
https://doi.org/10.3389/fphar.2019.00133
https://doi.org/10.1007/s002100000371
https://doi.org/10.1016/j.intimp.2020.107132
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	The NLRP3 Inflammasome Inhibitor Dapansutrile Attenuates Cyclophosphamide-Induced Interstitial Cystitis
	Introduction
	Materials and Methods
	Mice
	Cyclophosphamide Induced IC
	Pharmacological Treatments of Dapansutrile 
	Single-Cell Suspensions From Spleen, Iliac Lymph Nodes, and UBs 
	Flow Cytometry Staining and Analysis
	Changes in Cytokine and Chemokine Levels During IC
	Immunoblot Analysis
	Histology
	Statistical Analysis

	Results
	Changes in Body Weight, Wet Bladder Weight, Inflammation Score, and Histopathology During CYP-Induced IC
	Dap Modulates Systemic and Mucosal T Cell Responses
	Dap Treatment Reduces the Frequency of the CD8+CXCR3+T Cell in the UB
	Dap Treatment Affects the Frequency and Distribution of Dendritic Cells
	Dap Treatment Reduces the Number of Neutrophils During IC
	Dap Reduces the Frequency of Mast Cells (Fc&epsiv;RI+CD117) During CYP-Induced IC
	CYP Differentially Induces Cytokine and Chemokine Responses During IC
	Dap Suppresses Various Signaling Pathways to Ameliorate IC

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Acknowledgments
	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 /LeaveColorUnchanged
  /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


