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Abstract
Background: The type three secretion system (T3SS) is a major virulence system of Pseudomonas
aeruginosa (P. aeruginosa). The effector protein Exotoxin S (ExoS) produced by P. aeruginosa is secreted
into the host cells via the T3SS. For the purpose of screening the inhibitors with regard to ExoS secretion,
we developed the sandwich-type enzyme-linked immunosorbent assay (ELISA) system. From the initial
screening, quercetin was selected because it has the prominent effect of ExoS inhibition and also is
known to have anti-in�ammatory and antioxidant effects on mammalian cells.

Results: In this study, we investigated the effects of quercetin on the expression and secretion of ExoS
using the ELISA and Western blot analysis methods. The results showed that the secretion of ExoS was
signi�cantly decreased by 10, 20uM quercetin. Also, pscF and popD, which are composed of the T3SS
needle, are reduced by quercetin at the mRNA level, and we con�rmed the inhibitory effect of quercetin on
cytokines in P. aeruginosa-infected H292 cells by real-time polymerase chain reaction (PCR).

Conclusion: Collectively, quercetin inhibits the secretion of ExoS by reducing both ExoS production and
the expression of the needle protein of T3SS. Furthermore, these results suggest that quercetin has the
potential to be used as an anti-toxic treatment for the disease caused by P. aeruginosa infection.

Background
Pseudomonas aeruginosa (P. aeruginosa) is one of the most common gram-negative bacteria and is an
opportunistic pathogen that causes secondary infections in immuno-compromised patients, including
pneumonia and cystic �brosis (CF). In particular, P. aeruginosa accounts for more than 60% of the causes
of CF [1-3]

P. aeruginosa has a variety of systems by which it can cause infection. The type three secretion system
(T3SS) is a major cause in various human infections of P. aeruginosa. T3SS forms a needle complex that
consists of proteins, including pscF, pcrV, and popB/D on the bacterial membrane and is regulated by
ExsA, the transcription factor of T3SS. In addition, T3SS is regulated by various environmental factors,
such as contact with the host cells and a low concentration of calcium. T3SS needle complex acts as a
translocator of four T3SS toxins, exoenzymes S, T, U, and Y, and these toxins play key roles in the
virulence of P. aeruginosa [4-6]. Exoenzyme S (ExoS) shows ADP-ribosyltransferase (ADPRT) activity, and
it is a major characteristic of patients with acute lung injuries who are also infected with P. aeruginosa
among these secretory toxins [7, 8]. Injected ExoS is known to convert pro-interleukin (IL-1β) into IL-1β via
NLRC4 or NLRP3 and caspase-1 in infected mammalian cells by P. aeruginosa [9, 10]. In addition, it
produces other pro-in�ammatory cytokines IL-18, IL-6, and tumor necrosis factor α (TNF-α) through the
nuclear factor κB (NF-κB) pathway [11].

Quercetin is a �avonoid found in many fruits, leaves, grains, and vegetables; kale and red onions are
common foods containing appreciable content of quercetin [12, 13]. Quercetin has a bitter �avor and is
used as an ingredient in foods, beverages, and dietary supplements [14]. This compound has been
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reported to have pharmacological effects, such as anti-oxidant [15], anti-in�ammatory [16, 17], anti-virus
[18], anti-diabetic effect [19]and anti-tumor activities [15, 20, 21]. However, the ExoS inhibitory effect of
quercetin has not been reported.

Therefore, in this experiment, we studied effect of quercetin on the inhibitory activity of ExoS secretion
and the expression of T3SS. This study con�rms the effect of quercetin on ExoS and T3SS and
demonstrates its potential for use as an anti-virulence substance for P. aeruginosa.

Results
Effect of quercetin on bacterial growth

To con�rm the effect of quercetin on bacterial growth, the growth of the P. aeruginosa PAK strain with
quercetin was determined at optical density [22] 600 for 48 h by a spectrophotometer. As a result, there
was no effect on the growth rate compared to untreated PAK (Fig. 1B). Therefore, this data indicates that
the data presented later is not related to the growth of P. aeruginosa.

Quercetin reduced the secretion of ExoS-FLAG from the P. aeruginosa

To measure the amount of secreted ExoS, an ExoS-FLAG ELISA was conducted. quercetin has a de�nite
inhibitory effect of more than 40% in 2.5 and 5uM and 50% in 10 and 20uM (Fig. 2A). We also conducted
a western analysis to detect any remaining ExoS in the bacteria. As a result, the expression of ExoS in
bacteria was found to be inhibited (Fig. 2B and Fig. S2). Quercetin has the effect of inhibition of ExoS as
identi�ed in the ExoS-FLAG ELISA test. Thus, these results con�rmed that quercetin inhibits both the
secretion and expression of ExoS. Through this result, we thought that ExoS was related to the
transcription of ExsCEBA controlling the expression of ExoS, or the expression of popB/D controlling the
secretion of ExoS.

Quercetin reduced the expression of ExoS, pscF, and popD in P. aeruginosa.

To evaluate the expression of the effector protein and regulators of the T3SS at the mRNA level,
quantitative real-time PCR of factors related to T3SS was conducted. As a result, the expression of ExoS
was inhibited, and the expression of needle proteins pscF and popD was also suppressed (Fig. 3A-C).
However, the transcription factor ExsA had only a slight effect of inhibition (Fig. 3D). These results show
that quercetin ultimately reduces the secretion of ExoS by in�uencing both the expression of ExoS and
the secretion system. Through these results, it can be expected that quercetin can effectively suppress
in�ammatory reactions to host cells by reducing the exoS secreted by P.aeruginosa.

Cytotoxic effect of quercetin in H292 cells

MTT assays were used to identify the toxicity of quercetin on H292 cells. When quercetin (2.5, 5, 10, and
20 μM) alone was used, all concentrations of quercetin showed no toxicity on H292 cells (Fig. 4A). When
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quercetin was exposed to infected H292 cells, it reduced the toxicity of the P. aeruginosa PAK ExoS strain
(Fig. 4B). Therefore, these results suggest that quercetin is non-toxic and has an anti-toxic effect.

Quercetin reduced the pro-in�ammatory cytokines in P. aeruginosa-infected H292 cells.

We aimed to identify how the reduced expression and secretion of ExoS by quercetin affected infected
H292 cells. Therefore, the secretion and expression of cytokines induced by ExoS were veri�ed with ELISA
and real-time PCR, respectively (Fig. 5A-F) [23]. As a result, the treatment of quercetin was found to
decrease the secretion and expression levels of cytokines (IL-1β, IL-6, IL-18), which also suggests that the
decreased levels of cytokines were due to the decreased ExoS secretion levels.

Effect of quercetin on NF-κB pathway in P. aeruginosa-infected H292 cells.

Previously, the effects of caspase-1 pathways were checked, and also, the results of NF-κB pathways in
cells infected with P. aeruginosa were tested. IκB and phosphorylation of p65 were checked through the
western blot and found that both targets' phosphorylation decreased compared to normal form.
Therefore, it was con�rmed that the additional NF-κB pathways due to infection of P. aeruginosa were
inhibited through quercetin. (Fig. 6 and Fig. S3)

Quercetin inhibits the induction of the NLRC4-caspase-1 pathway by P. aeruginosa infection.

Pro-in�ammatory cytokines induced by ExoS were con�rmed to be reduced by quercetin. Therefore,
western blots were conducted to determine the expression of NLRC4, caspase-1, which induced pro-
in�ammatory cytokines. As a result, increased caspase-1 in infected cells was reduced when quercetin
was treated, and NLRC4 had the same result (Fig. 7 and Fig. S4). These results suggest that the quercetin
reduces ExoS and further affects NLRC4 and caspase-1 pathways.

Discussion
Multi-drug resistant strains of P. aeruginosa continue to present a persistent and critical danger to
immunocompromised patients, particularly in intensive care settings [24]. These problems can be
resolved with the development of a therapeutic agent such as P. aeruginosa infection or virulence
blockers. P. aeruginosa has a variety of systems necessary for infection, and T3SS can act as a major
cause during various P. aeruginosa infections. The T3SS activation requires speci�c environments, such
as contact with host cells and low concentration of calcium [25]. We have already demonstrated that
ExoS can cause an in�ammatory response and improve clearance in the lungs in vitro and vivo [26]. It is
also well known that quercetin is a useful substance for various diseases [27-29]. However, it is not
known whether quercetin prevents disease by inhibiting the expression of ExoS due to infection of the
host via T3SS of P. aeruginosa. Therefore, we aimed to elucidate the mechanism of the anti-in�ammatory
activity of quercetin.

Among the toxic substances secreted by T3SS, ExoS has a similar structure to the ExoT and has similar
functions, ADPRT and GTPase [1]. However, ExoS has higher toxicity than the ExoT and is expressed in
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some P. aeruginosa clinical isolates [30, 31]. Conversely, because the ExoT is expressed in most P.
aeruginosa clinical isolates, this experiment used a strain inserted with plasmid so that only ExoS can be
expressed while knocking out the ExoT.

T3SS is transcribed through the ExsCEBA site, which can be called the T3SS regulator. The secretion
activity is carried out by ExsC, ExsD, ExsE, and ExsA. In the T3SS inactivation conditions, ExsD (anti-
activator) and ExsC (anti-anti-activator) binds to ExsA and ExsE, respectively. In the T3SS activation
conditions, ExsC binds to ExsD. So, free-ExsA activates the T3SS operons, and free-ExsE is secreted into
the host cell. Thus, ExsA enables the transcriptional activation of T3SS [32]. We investigated the
inhibitory effect of quercetin on the expression of ExsA, the transcriptional activator of T3SS operons,
among others, in mRNA level. As a result, quercetin decreased the expression of ExsA, and ExoS
production of T3SS followed by ExsA also decreased. The results, we know that quercetin has the effect
of suppressing the overall expression of T3SS.

The needle protein, which acts as a translocator so that the secretory toxins of T3SS can be secreted,
consists of pscF, pcrV, and popB/D. pscF serves as a major component for needle proteins among them,
while popD is responsible for direct insertion into host cells, and popB is responsible for assisting in
insertion of popD [33, 34]. Therefore, we investigated whether quercetin affects the expression of pscF
and popD, which account for the most important region of needle protein. The results show that quercetin
has reduced the expression of T3SS needle protein, which can be directly toxic to host cells by injecting
the generated secretory toxins. Through this result, we demonstrate that quercetin has an inhibitory effect
on virulence factors of P. aeruginosa. Host cells infected with P. aeruginosa produce cytokines such as IL-
1β and IL-18 resulting from the activation of caspase-1, and additionally activates in�ammatory signals,
such as NF-κB pathways, by injecting ExoS [26]. Caspase-1 has a proteolytic activity for the precursor of
IL-1β and IL-18 and converts them into IL-1β and IL-18. Also, after caspase-1 is activated, it causes cell
death by proptosis [35, 36]. Therefore, the secretion and expression levels of cytokines (IL-1β, IL-6, and IL-
18) induced by ExoS were veri�ed with ELISA and real-time PCR assessments, respectively. As a result,
treatment of quercetin decreased the secretion and expression levels of the cytokines, which suggests
that reduced cytokines in H292 cells are due to the decreased ExoS secretion by quercetin. According to
the previous study, caspase-1 is activated by NLRC4 or NLRP3 forming an in�ammasome [37]. Quercetin
inhibits the NLRC4 in�ammasome and caspase-1 induced by P. aeruginosa on western blot. Additionally,
further research is needed on whether ExoS reduced by quercetin also affects NLRP3. All these �ndings
suggest that quercetin alleviates cytotoxicity caused by infection by reducing the generation of ExoS, and
it is expected that its effect on the ExoS of T3SS will prevent P. aeruginosa from developing lung-related
diseases caused by the infection of host cells. It is thought that in vivo experiments will be needed to
support this �nding.

In summary, quercetin has been shown to decrease ExoS production. It also inhibits the expression of
needle proteins and reduces the secretion of ExoS. In addition, it was con�rmed that there is an effect of
reducing the pro-in�ammatory cytokines (IL-6, IL-1β, and IL-18) by reducing the activation of the NLRC4-
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caspase-1 pathway in the H292 cells (Fig. 8). However, suppression of ExoS is not due to ExsA. Thus,
further study of another factor in which quercetin affects the suppression of ExoS is likely to be needed.

Conclusions
In conclusion, quercetin not only reduces the generation of ExoS but also inhibits the expression of needle
protein, reducing the secretion of ExoS. Furthermore, the activation of caspase-1 pathways was
decreased within eukaryotic cells. Therefore, it is expected that quercetin can be used as a treatment for
anti-toxic, anti-in�ammatory activity even in lung diseases resulting from infection with P. aeruginosa.

Methods
Quercetin

Quercetin was supplied as a puri�ed compound (code No. NPFL10051.1) from the
Styphnolobiumjaponicum (L.) Schott in The Korea Plant Extract Bank (https://extract.kribb.re.kr) at The
Korea Research Institute of Bioscience & Biotechnology (Daejeon, Korea). The structural information of
authentic compound was listed as a supplementary data. (Fig. 1A and Fig. S1)

Bacterial strains

All strains and plasmids used in this study are listed in Table S1. Chromosomal mutants were all derived
from the same parental PAK (P. aeruginosa strain K; wild-type strain) strain [26, 38, 39] and were
generated by allelic exchange.

Bacterial culture and growth curve

All bacterial strains were grown overnight in Luria-Bertani (LB) media at 37℃ on a rotary shaker if not
otherwise speci�ed. Bacterial cells were harvested at 12,000 g at 4°C for 10 min after overnight LB broth
culture. Antibiotics were used at concentrations of spectinomycin (Sp; 200 μg/ml, Cat. No. S9007-5G),
streptomycin (Sm; 200 μg/ml, Cat. No. S6501-5G), gentamycin (Gm; 150 μg/ml, Cat. No. G1264, Sigma-
Aldrich, St. Louis, MO, USA) and carbenicillin disodium (Cb; 150 μg/ml, Cat. No. 2485-1G, BioVision, CA,
USA) [39, 40]. Overnight cultures of untreated P. aeruginosa PAK strain and P. aeruginosa treated with a
20 μM concentration of quercetin were re-inoculated and diluted 1:1,000 in fresh LB broth. Growth of the
bacteria was determined at OD 600 using an ultraviolet–visible (UV/VIS) spectrophotometer (Cat. No.
Optizen 2120UV, Mecasys Co., Ltd., Daejeon, Korea) [41].

Cell culture

The H292 cell line (ATCC; American Type Culture Collection, Manassas, VA, USA) is human epithelial cells
derived from human lung carcinoma. H292 cells were cultured in the RPMI 1640 medium (Cat. No. LM
011-01, Welgene, Gyeongsan, Korea) supplemented with 10% fetal bovine serum (FBS; Invitrogen, Grand

http://www.nature.go.kr/kpni/stndasrch/dtl/selectNtnStndaPlantDtl1.do?orgId=kpni
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Island, New York) and antibiotics (1% penicillin-streptomycin; Invitrogen, Grand Island, New York) and
incubated at 37℃ in a 5% CO2 incubator.

MTT assay

Cell viability was measured via 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) assay.
H292 cells were seeded into 96-well plates (SPL, Gyeonggi-do, Korea) at a concentration of 1×104

cells/well. After incubation for 5 h, the cells incubated with various concentrations of quercetin for 20 h.
In the infection cases, H292 cells were infected by MOI 100 of the PAK ExoS strain after a quercetin
treatment for 1 h. Subsequently, 5 μl of 5 mg/ml MTT solution (Amresco, LLC, solon, OH, USA) was added
to each well for 4 h. The supernatant was removed, and 100 μl of dimethyl sulfoxide (DMSO) was added
to each well for dissolution of the formazan crystals.

ExoS-FLAG enzyme-linked immunosorbent assay (ELISA) assay

To detect ExoS secretion, the secreted ExoS-FLAG amounts in bacterial overnight culture supernatants
supplemented with quercetin and 1 mM of EGTA were determined using an ExoS-FLAG sandwich ELISA
system designed according to a previous study [25]. An anti-ExoS antibody as a capture antibody
commissioned by Koma Biotech (Seoul, Korea), Inc. and produced by Prosci, Inc. (CA, USA). The ExoS
amino acid sequence was diluted to 1:5,000 in a carbonate-bicarbonate buffer (0.05 M, pH 9.6), coated
into 96-well microplates at 4℃, and kept overnight. The plates were incubated with a blocking buffer (2%
bovine serum albumin (BSA) in phosphate-buffered saline (PBS)) for 1 h, after which they were washed,
and a bacterial supernatant was added to each well. After incubation for 2 h, the plates were washed and
mouse anti-FLAG antibody (Anti-DDDDK antibody; Cat. No. ARG62342, Arigo Biolaboratories, Taiwan,
ROC), a detection antibody diluted to 1:5,000 in 1% BSA (Bovine Serum Albumin; Cat. No. BSAS0.1,
Bovogen Biologicals Pty. Ltd., AUSTRALIA) in PBS (assay diluent), was added to each well. After
incubation for 1 h, the plates were washed, and horseradish peroxidase (HRP)-conjugated goat anti-
mouse immunoglobulin G (IgG) diluted to 1:2,000 in an assay diluent was then added to each well for 1
h. After incubation, the plates were washed, and a substrate solution was added to each well. Lastly, the
color reaction of the plates was stopped with H2SO4 and the absorbance was determined at 450-570 nm
using a plate reader instrument. All steps except for the incubation of the capture antibody were
performed at room temperature.

Cytokine ELISA assay

H292 cells were seeded into 12-well plates at a concentration of 4×106 cells/well and cultured overnight
at 37℃. After incubation, the media in the plates were changed to RPMI 1640 without supplementation,
and the cells were pretreated with various concentrations of quercetin for 1 h. The H292 cells were then
infected by moment of infection (MOI) 100 of the PAK ExoS strain at 37℃ for 6 h. Cytokines of the
culture supernatant of the infected cells were measured using ELISA kits (IL-18 set, Cat. No. DY318-05,
R&D system, Minneapolis, USA ; IL-1β set, Cat. No. 557953; IL-6 set, Cat. No. 555220; BD biosciences, CA,
USA). Each experiment was conducted according to the manufacturer’s protocol.
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Real-time polymerase chain reaction (PCR) analysis

Brie�y, H292 cells were seeded into 12-well plates at a concentration of 4×106 cells/well and cultured at
37℃ overnights. The cells were treated with quercetin and PAK ExoS for 6 h. In contrast, bacterial cells
were grown overnight at 37℃ in a rotary shaker and re-inoculated in fresh LB broth supplemented with
quercetin and 1 mM of EGTA for 4 h. After all of the steps, the H292 cells and bacterial cells were
harvested. The total RNA was isolated using the TRIzol® Reagent (Invitrogen; Thermo Fisher Scienti�c,
Inc., MA, USA). The synthesis of the complementary DNA was performed using a ReverTra Ace® qPCR RT
Master Mix kit (Cat. No. FSQ-301, TOYOBO, Japan). cDNA was used for real-time PCR using primers
(Table. S2, Bioneer, Daejeon). This experiment was conducted using SYBR Green PCR Master Mix (KAPA
Bio-systems, Woburn, Massachusetts).

Western blot analysis

For the ExoS-FLAG detection, the p30 and p137 strains (Table. S1) were grown overnight in LB broth
supplemented with quercetin and 1 mM of EGTA at 37℃ in a rotary shaker. Bacterial cells were then
harvested into 1.5-ml tubes and lysed using a diluted 5× bacterial protein extraction reagent (Cat. No.
AKR-180, Cell Biolabs, Inc., CA, USA) for protein extraction. The bacterial protein quantity was measured
using a Pierce™ BCA Protein assay kit (Cat. No. 23225, Thermo Fisher Scienti�c Inc., MA, USA).

Equal amounts of protein were loaded and separated using 10% sodium dodecyl sulfate polyacrylamide
gel electrophoresis (SDS-PAGE). Loaded proteins were transferred to a hydrophilic polyvinylidene �uoride
membrane (PVDF; EMD Millipore, Billerica, MA, USA). Each membrane was blocked with 5% skim milk in
tris-buffered saline with Tween (TBS-T) for 1 h at room temperature. Primary antibodies used ExoS-FLAG
(Anti-DDDDK antibody; Cat. No. ARG62342, Arigo Biolaboratories, Taiwan, ROC), β-actin (MA5-15739),
IκBα (MA5-15132), p-IκBα (MA5-15087, Thermo Fisher Scienti�c Inc., MA, USA), p65 (8242S), p-p65
(3033S), caspase-1 (3866S), IL-1β (83186S), NLRC4 (124215S, Cell Signaling Technology, MA, USA) was
diluted to 1:1,000 in 5% skim milk in TBS-T, added to the membrane rack, and then incubated overnight at
4℃. After incubation, the membranes were washed with TBS-T and incubated with secondary antibody
HRP-conjugated anti-mouse IgG (Cat. No. sc-2005, Santa Cruz Biotechnology Inc., Texas, USA), anti-rabbit
IgG (Cat. No. 111-035-003, Jackson Immune Research Laboratories, Inc, PA, USA) diluted to 1:5,000 in 5%
skim milk in TBS-T for 1 h at room temperature. The protein bands were visualized using a
chemiluminescence (ECL; Cat. No. 32106, Thermo Fisher Scienti�c Inc., MA, USA) kit and a luminescent
image analyzer (LAS-4000, Fuji�lm, Tokyo, Japan).

Statistical analysis

The data are expressed as mean ± SEM. Statistical signi�cance was determined using two-tailed
Student’s t-test. A value of p<0.05 was considered to indicate a statistically signi�cant difference.
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Figures

Figure 1

A compound structure and effect of quercetin on bacterial growth. (A) A compound structure of quercetin.
(B) The effect of quercetin on the growth of P. aeruginosa was determined by the bacterial growth curve.
PAK, P. aeruginosa wild-type strain.
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Figure 2

The effect of quercetin on produced and secreted ExoS-FLAG. (A) Overnight culture supernatant of P.
aeruginosa p30 and p137 stains treated with quercetin (2.5, 5, 10, and 20 μM) used in ExoS-FLAG ELISA.
(B) Lysed proteins of p30 and p137 strains are loaded by using a 10% SDS-PAGE. p30, PAK exoST::Ω;
p137, PAK exoST::Ω/pHW0225; ExoS-FLAG, ExoS attached with FLAG; #signi�cantly different from the
normal control group, P < 0.01. *, **, ***, signi�cantly different from the p137 group, P < 0.05, P < 0.01,
and P < 0.001, respectively.
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Figure 3

The effect of quercetin on type  secretion system regulators and effector protein in P. aeruginosa. ΔST
and PAK ExoS strains were grown overnight at 37℃ and re-inoculated in fresh LB broth supplemented
with quercetin (2.5, 5, 10, and 20 μM) for 4 h. (A-C) Expression of ExoS of exoenzyme, popD and pscF, and
the needle protein of T3SS, was quanti�ed by quantitative real-time PCR. (D) The expression of ExsA of
transcription factor of T3SS was quanti�ed in the same manner. ΔST, PAK ΔST; PAK ExoS, PAK
ΔST/pUCP18 PAKexoS. #Signi�cantly different from the normal control group, P < 0.05; *signi�cantly
different from the PAK ExoS group, P < 0.05.
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Figure 4

The cytotoxicity of quercetin in uninfected or infected H292 cells. H292 cells were incubated with
quercetin (2.5, 5, 10, and 20 μM). In the case of infection, H292 cells infected by MOI 100 of PAK exoS
strain after the treatment of quercetin for 1 h. The cytotoxicity of quercetin was evaluated to MTT assay.
PAK ExoS, PAK ΔST/pUCP18 PAKexoS.
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Figure 5

The effect of quercetin on cytokines in H292 cells by ELISA and real-time PCR. H292 cells were treated
with quercetin and PAK ExoS for 6 h. Protein level of pro-in�ammatory cytokines were evaluated to ELISA
and mRNA level were evaluated to real-time PCR. PAK ExoS, PAK ΔST/pUCP18 PAKexoS. #Signi�cantly
different from the normal control group, P < 0.01. *, **, signi�cantly different from the PAK ExoS group, P
< 0.05, and P < 0.01gy, respectively.
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Figure 6

The effect of quercetin on P. aeruginosa-induced NF-κB activation in H292 cells. H292 cells were treated
with quercetin and PAK ExoS for 4 h. The expression of NF-κB pathway was evaluated to western
blotting. PAK ExoS, PAK ΔST/pUCP18 PAKexoS.
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Figure 7

The effect of quercetin on P. aeruginosa-induced NLRC4-Caspase-1 pathway in H292 cells. H292 cells
were treated with quercetin and PAK ExoS for 2 h. The expression of NLRC4 and Capase-1 was evaluated
to western blotting. PAK ExoS, PAK ΔST/pUCP18 PAKexoS.
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Figure 8

The mechanism of quercetin on ExoS in P. aeruginosa and infected H292 cells. ExoS production of T3SS
followed by ExsA decreased and the expression of needle of T3SS (popD, pscF) are also decreased. Then,
the injection of ExoS from P. aerugnosa to H292 cells is suppressed by quercetin. The expression of
NLRC4-Caspase-1 pathway and the production of pro-in�ammatory cytokines (IL-1β, IL-18, IL-6) induced
by ExoS are decreased.
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