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Abstract

Background: Airway inflammation and excessive mucin production are pathophysiological characteristics of airway diseases.

Fipronil, a pesticide, is being extensively used in agriculture and veterinary medicine worldwide. However, this compound impairs

immune function in non-target organisms. The present study aimed to evaluate the effect of fipronil on pro-inflammatory cyto-

kine and mucus production and signalling pathways in human primary nasal epithelial cells.

Methodology: The effect of fipronil on pro-inflammatory cytokine and MUC5AC expression and the signalling pathway of fipronil

were investigated using real-time PCR, enzyme immunoassays, immunofluorescence, and immunoblot analysis with specific

inhibitors and small interfering RNA.

Results: Fipronil treatment increased pro-inflammatory cytokine interleukin (IL)-1, IL-6, IL-8, and MUC5AC expression in human
primary nasal epithelial cells. It also induced phosphorylation of extracellular signal-regulated kinase 1/2 (ERK1/2) mitogen-
activated protein kinase (MAPK), p38 MAPK, and nuclear factor kappa-light-chain-enhancer of activated B cells (NF-kB). MAPK and
NF-kB inhibitor treatment significantly inhibited increases in IL-1(, IL-6, IL-8, and MUC5AC expression. Ex vivo data confirmed that
fipronil-induced MUC5AC expression occurs through ERK1/2, p38, and NF-kB signalling pathways in nasal inferior turbinate tissue.

Conclusions: Fipronil induced pro-inflammatory cytokine IL-1(, IL-6, IL-8, and MUC5AC expression via ERK1/2 MAPK, p38 MAPK,

and NF-kB in human primary nasal epithelial cells.
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Introduction

The airway mucus layer plays a vital role as the first line of in-
nate immune defence against invasion by microorganisms and
damage to the underlying tissue . Maintaining homeostasis

in mucus production is an essential role of the innate immune
system to ensure proper mucociliary clearance in normal air-
ways . Mucus is secreted in the upper and/or lower respiratory
tracts during environmental challenges and in chronic infection
conditions. Excessive mucus production is a characteristic of
disease and it results in mucus accumulation, plugging of the
airway lumen, recurrent airway infections, and inflammation ©.
The major pathology of airway diseases, including asthma,

chronic obstructive pulmonary disease (COPD), cystic fibrosis,
and chronic rhinosinusitis, is characterized by obstruction of
the airway lumen @. One of the causes of this obstruction is the
presence of exudate containing mucus. Airway mucus is com-
posed of water, ions, lipids, and various macromolecules. Mucins
are high molecular-weight glycoproteins that it are essential to
defend and protect the airway surface from inhaled toxicants
and pathogens. Mucin is produced by epithelial goblet cells and
submucosal glands. MUC5AC and MUC5B is a major gel-forming
mucin that is linked to increased morbidity and mortality in
respiratory diseases ©.



Pesticides are used in a wide variety of applications, including
agricultural fields, grass, turf, and veterinary products. Fipronil

is utilized as an attractive bait for ants and cockroaches, and

in anti-flea and tick sprays to protect crops ©. This compound
belongs to the phenylpyrazole insecticide family and it acts as
an antagonist to GABA receptors. Fipronil exposure leads to
uncontrolled blockage of glutamate-activated chloride channels
in the central nervous system. It seems to be safe due to its se-
lective toxicity toward many classes of insects and invertebrates.
Although the use of the recommended dose of fipronil seems
to be safe, prolonged or excessive fipronil use causes damage to
non-target organisms, including animals and humans . Previ-
ous studies reported that fipronil inhibits the electron transport
chain in mitochondria, causing decreased ATP levels and indu-
cing apoptosis ®°. Additionally, fipronil exposure significantly
increases reactive oxygen species generation and peroxidation
as markers of oxidative stress in the kidneys and brains of mice
19, In addition, it causes lung inflammation and monocyte cell
death upon oral and intranasal administration ", However,
there are no data regarding how fipronil affects levels of pro-
inflammatory cytokines and major airway mucin overproduc-
tion in human primary nasal epithelial cells. Therefore, this study
was designed to investigate the airway inflammation of fipronil
through testing whether it affects pro-inflammatory cytokine
levels and major mucin overproduction in human primary nasal
epithelial cells.

Materials and methods

Materials

Fipronil was obtained from Sigma-Aldrich (St. Louis, MO, USA).
Commercial human primary airway epithelial cells of nasal
origin (hAEC) were purchased from Epithelix (EP40, donor infor-
mation: 14/male/caucasian, nasal mucosa, freezing medium, Ge-
neva, Switzerland). The specific inhibitors U0126, SB203580, and
BAY 11-7085 were purchased from Calbiochem (San Diego, CA,
USA), BIOMOL (Plymouth Meeting, PA, USA), and Sigma-Aldrich,
respectively. MUC5AC primer (QT01329615, Qiagen, Hilden, Ger-
mary) and MUC5B primer (BioRad 10025636, qHsaCIP0028135,
Hercules, CA, USA) were purchased. For transfection with small
interfering RNA (siRNA), predesigned siRNA (extracellular signal-
regulated kinase ERK1, ERK2, and p38) were obtained. control
siRNA (#6568) and nuclear factor kappa-light-chain-enhancer of
activated B cells, NF-kB siRNA (#6261) were purchased from Cell
signalling technology.

Tissue collection

Nasal inferior turbinate tissues from 10 patients undergoing
augmentation rhinoplasty and inferior turbinoplasty for cor-
rection of cosmetic problems (females, mean age: 40.2 years,
non-smoker) in patients without rhinitis/rhinosinusitis. They had
no personal or family history of allergy and negative results on
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both allergy specific tests (skin-prick test and multiple allergen
simultaneous test). This study was approved by the Institutional
Review Board for human studies at the Yeungnam University
Medical Center, and written informed consents were obtained
from all patients (YUMC 2018-09-033).

Cell culture and treatment

Human nasal epithelial cells were cultured in airway epithelial
cell growth medium at 37 °Ciin 5 % CO_-fully humidified air, and
subcultured according to the manufacturer’s instructions. To
investigate the signalling pathways involved in the expression of
pro-inflammatory cytokines IL-13, IL-6, IL-8, and MUC5AC, cultu-
red cells were pre-treated with a specific inhibitor for 1 h before
exposure to fipronil, whereas control cells were incubated with
the culture medium for 1 h.

Cell viability assay

Water-soluble tetrazolium salt-1 (WST-1) was used as an
indicator of cell viability and proliferation. Cells were grown in
96-well plates at a density of 1x 10* cells/well. After 24 h, cells
were washed with fresh medium and treated with fipronil or
culture medium as a control. After incubation for 48 h, cells were
washed and 10 pL of EZ-Cytox cell viability assay reagent (Daeil
Lab, Seoul, Korea) was added, followed by incubation for 4 h.
The amount of formazan salt was determined by measuring the
absorbance at 450 nm (reference wavelength 600-650 nm) using
a microplate reader (Tecan Austria GmbH, Austria).

Real-time PCR analysis

To investigate the effects of fipronil on pro-inflammatory cyto-
kine IL-1B, IL-6, IL-8, and MUC5AC expression in human primary
nasal epithelial cells were treated with different concentrations
of fipronil for 8 h. The primers used were as follows: IL-13, 5°-
ATG CAC CTG TAC GAT CACTG-3" (forward), 5"-ACA AAG GAC
ATG GAG AAC ACC-3’ (reverse); IL-6, 5-GGTACATCCTCGACGG-
CATCT-3" (forward), 5-GTG CCT CTTTGCTGCTTT CAC-3" (re-
verse); IL-8, 5°-ATG ACT TCC AAG CTG GCC GTG GCT-3" (forward),
5°-TCT CAG CCCTCT TCA AAA ACT TCT C-3’ (reverse). Real-time
PCR was performed using the iQ SYBR Green Supermix (Bio-Rad,
Hercules, CA, USA), according to the manufacturer’s protocol.
Briefly, 1 ng/pL of total RNA was reverse transcribed. A maximum
of 2 pL of each cDNA sample was used per 20 pL of PCR mixture.
PCR reactions were carried out using a CFX96 real-time PCR
system C1000 thermal cycler (Bio-Rad, Hercules, CA, USA) up to
triplicate wells and 40 cycles.

Enzyme-linked immunosorbent assay (ELISA)

Cell supernatants were collected from human nasal epithelial
cells. Samples were diluted with PBS, transferred to a F96 Cert.
Maxisorp Nunc-Immuno plate (Fisher scientific, Lenexa, KS,
USA), and incubated at 4 °C overnight. Subsequently, samples
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were blocked with 2 % bovine serum albumin (BSA) for 1 h

and incubated with the following primary antibodies: rabbit
anti-MUC5AC (H-160) (sc-20118; Santa Cruz Biotechnology, USA;
1:200 dilution), IL-1p (#12242; Cell Signaling Technology, USA;
1:1000 dilution), IL-6 (ab6672; Abcam, Cambridge, UK; 1:1000
dilution), and IL-8 (M801; Thermo Scientific, IL, USA; 1:1000
dilution) in PBS containing 0.05 % Tween 20 for 1 h. Then, they
were incubated with a horseradish peroxidase (HRP)-conjugated
secondary antibody. After 1 h, colour was developed using
3,3)5,5"-tetramethylbenzidine peroxidase solution, and the
reaction was stopped using 2 N H_SO,. Optical density was
measured using an EL800 ELISA reader at 450 nm (BIO-TEK
Instruments, Winooski, VT, USA). Results were expressed as fold
increase from the baseline control.

Western blot analysis

Western blot analyses were performed to investigate the
activation of MAPKs. Human nasal epithelial cells were seeded
in 6-well plates and treated with the indicated concentrations
of fipronil. Cells were harvested in 200 uL of radioimmunopreci-
pitation assay buffer (Thermo Scientific, Rockford, IL, USA) with
phosphatase inhibitor cocktail (Roche, Mannheim, Germany)
and incubated for 20 min at 4 °C. Subsequently, the samples
were centrifuged at 2,500 X g for 10 min at 4 °C, and the super-
natant (whole-cell lysate) was collected. Proteins (20 pg) were
separated using 10 % reducing sodium dodecyl sulphate-polya-
crylamide gel electrophoresis and transferred onto a polyviny-
lidene difluoride membrane. The membrane was blocked with
5 % BSA in Tris-buffered saline with 0.1 % Tween 20 (TBST) and
incubated with the following primary antibodies: rabbit anti-
PERK1/2 (T202/Y204) (#4370; Cell Signaling Technology, USA;
1:1000 dilution), rabbit anti-ERK1/2 (#9102; Cell Signaling Tech-
nology, USA; 1:1000 dilution), rabbit anti-phospho-p38 (T180/
Y182) (#9211; Cell Signaling Technology, USA; 1:1000 dilution),
rabbit anti-p38 (H-147) (sc-7149; Santa Cruz Biotechnology, USA;
1:1000 dilution), rabbit anti-phospho-NF-kB p65 (Ser536) (93H1)
(#3033; Cell Signaling Technology, USA; 1:1000 dilution), and
rabbit anti-NF-kB p65 (C22B4) (#4764; Cell Signaling Techno-
logy, USA; 1:1000 dilution), at 4 °C for 24 h. After washing with
TBST, blots were incubated with a secondary antibody (goat
anti-rabbit IgG-HRP; sc 2004; Santa Cruz Biotechnology, USA;
1:1000 dilution) for 2 h. Signals corresponding to the proteins of
interest were developed using an enhanced West Pico chemi-
luminescent substrate (Thermo Fisher, Boston, MA, USA). Bands
were detected after exposing the membrane to an imaging
system (Chemiluminescence image system, FUSION-FX7 820wL,
Eberhardzell, Germany).

Cell transfections with siRNAs
We examined whether ERK1/2, p38, and NF-kB signalling
pathways were involved in fipronil-induced MUC5AC expres-
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sion in human primary nasal epithelial cells by pre-treating the
cells with MAPK inhibitors and transfecting with siRNAs. The
primer sequences used in the PCR were 5’- GCA AUG ACC AUA
UCU GCU ACU UCC U-3" (forward), 5-AGG AAG UAG CAG AUA
UGG UCA UUG C-3’ (reverse) for ERK1 siRNA, 5°-CCG AAG CAC
CAU UCA AGU UCG ACA U-3’ (forward), 5"- AUG UCG AAC UUG
AAU GGU GCU UCG G-3 (reverse) for ERK2 siRNA, 5'- CCA AAU
UCU CCG AGG UCU AAA GUA U-3" (forward), 5'- AUA CUU UAG
ACC UCG GAG AAU UUG G-3’ (reverse) for p38 siRNA. Human
primary nasal epithelial cells were seeded in 6-well plates until
they reached 70-80 % confluence. Subsequently, the culture
medium was changed to OPTI-MEM | reduced serum medium
(Life Technologies, Carlsbad, CA, USA). siRNA and Lipofectamine
2000 (Life Technologies, Carlsbad, CA, USA) were pre-incubated
together in OPTI-MEM | reduced serum medium for 20 min to
form siRNA-Lipofectamine complexes, which was added to each
well at a final siRNA concentration of 100 nM. Transfected cells
were incubated for 48 h at 37 °Ciin a CO, incubator and then
exposed to the indicated concentrations of fipronil. The trans-
fection efficiency was > 90 %.

Ex vivo tissue culture and Immunofluorescence staining

To confirm the signalling pathway involved in fipronil-induced
MUC5AC expression in human nasal inferior turbinate tissue,

we performed immunofluorescence (IF) staining in ex vivo
culture. Tissues were cut into 2- to 3-mm? pieces under sterile
conditions. Before proceeding with the culture, the tissues were
washed 3 times with phosphate buffered saline (PBS). After 24

h of fipronil (10 uM) treatment, tissue fragments were fixed in
4% paraformaldehyde (PFA) in PBS for 24 h, after which tissues
were washed with PBS. Fixed tissues were embedded with
optimal cutting temperature (OCT) compound for 1 h at —80°C.
IF analyses were performed on 6-um thick sections and blocked
in 1% BSA in PBST for 1 h at room temperature. The slides were
incubated with a rabbit anti-MUC5AC antibody (ab-198294;
Abcam, Cambridge, UK; 1:100 dilution). Subsequently, they were
incubated with an Alexa 488-labelled goat anti-rabbit IgG se-
condary antibody (green fluorescence). Nuclei were stained with
4'6-diamidino-2-phenylindole (DAPI) (blue fluorescence; Abcam,
Cambridge, UK). The cells were visualized by fluorescence micro-
scopy using Nikon software (Ti-S, 733551, Nikon, Tokyo, Japan)
at 200x magnification.

Statistical analysis

Statistical analyses were performed using SPSS, version 12.0
software (SPSS, Chicago, IL, USA). Data were expressed as the
mean + standard deviation (SD). Comparisons were performed
using the unpaired t-test or Kruskal-Wallis test followed by a
Mann-Whitney test. For all tests, a p value < 0.05 was considered
statistically significant.
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Figure 1. Effects of fipronil on levels of pro-inflammatory cytokines IL-1B, IL-6, and IL-8 expression in human primary nasal epithelial cells. (A-C) Real-
time PCR results showed that mRNA levels of IL-1(3, IL-6, and IL-8 were significantly and concentration-dependently increased upon exposure to
fipronil. (D-F) ELISA results showed that IL-13, IL-6, and IL-8 protein production was increased by fipronil treatment. Figure shows a representative of
three separate experiments performed in triplicate. Bars indicate the means + S.D. of three independent experiments performed in triplicate. C, con-
trol; ELISA, enzyme-linked immunosorbent assay; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; real-time PCR, real-time polymerase chain

reaction. *p < 0.05 versus the control group.
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Figure 2. Effects of fipronil on levels of MUC5AC expression in human primary nasal epithelial cells. (A) Real-time PCR results showed that mRNA lev-
els of MUC5AC significantly and concentration-dependently increased upon exposure to fipronil. (B) MUC5B mRNA expression was not induced by
fipronil. (C) ELISA results showed that MUC5AC protein production was increased by fipronil treatment. (D) MUC5AC mRNA expression peaked 24 h
after exposure to fipronil. Figure shows a representative of three separate experiments performed in triplicate. Bars indicate the means + S.D. of three
independent experiments performed in triplicate. ELISA, enzyme-linked immunosorbent assay; GAPDH, glyceraldehyde 3-phosphate dehydrogenase;

real-time PCR, real-time polymerase chain reaction. *p < 0.05 versus the zero value.

Results and IL-8 protein levels were significantly increased upon fipronil

Fipronil induced inflammatory cytokine expression in hu- treatment at different concentrations (Figures 1D-F).

man primary nasal epithelial cells
Fipronil did not affect cell viability at concentrations up to 20 yM  Fipronil induced MUC5AC expression in human primary

in human primary nasal epithelial cells (data not shown). Fipronil  nasal epithelial cells
induced IL-1B3, IL-6, and IL-8 mRNA expression as shown by real- Real-time PCR and ELISA showed that Fipronil induced MUC5AC
time PCR (Figures 1A-C). A significant increase was detected at expression at different concentrations (Figures 2A and C). Howe-

a fipronil concentration of 10 uM. ELISA showed that IL-14, IL-6, ver, MUC5B expression was not induced by fipronil (Figure 2B).
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Figure 3. Fipronil-induced pro-inflammatory cytokine IL-1B, IL-6, and IL-8 expression in human primary nasal epithelial cells was associated with
ERK1/2, p38, and NF-kB activation. (A) Results of Western blot analyses showed that fipronil treatment induced the phosphorylation of ERK1/2, p38,
and NF-kB. (B-D) Results of real-time PCR showed that U0126 (ERK1/2 inhibitor), SB203580 (p38 inhibitor), and BAY 11-7085 (NF-kB inhibitor) signifi-
cantly attenuated fipronil-induced IL-16, IL-6, and IL-8 mRNA expression. Figure shows a representative of three separate experiments performed in
triplicate. Bars indicate the means + S.D. of three independent experiments performed in triplicate. C, control; ELISA, enzyme-linked immunosorbent
assay; ERK, extracellular signal-regulated kinase; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; NF-kB, nuclear factor kappa-light-chain-
enhancer of activated B cells; p-ERK MAPK, phosphorylated ERK MAPK; p-NF-kB, phosphorylated NF-«kB; p-p38 MAPK, phosphorylated p38 MAPK. *p

< 0.05 versus the control group, Tp < 0.05 versus fipronil (10 uM) alone.
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Figure 4. Fipronil-induced MUC5AC expression in human primary nasal epithelial cells was associated with ERK1/2, p38, and NF-kB activation. (A and
B) Results of real-time PCR and ELISA showed that U0126 (ERK1/2 inhibitor), SB203580 (p38 inhibitor), and BAY 11-7085 (NF-kB inhibitor) significantly
attenuated fipronil-induced MUC5AC mRNA expression and protein production. (C and D) Results of real-time PCR and ELISA showed that knock-
down of ERK1, ERK2, p38, and NF-kB by siRNA significantly blocked fipronil-induced MUC5AC mRNA expression and protein production. Figure shows
a representative of three separate experiments performed in triplicate. Bars indicate the means + S.D. of three independent experiments performed
in triplicate. C, control; Con, control siRNA; ELISA, enzyme-linked immunosorbent assay; ERK, extracellular signal-regulated kinase; GAPDH, glyceral-
dehyde 3-phosphate dehydrogenase; NF-kB, nuclear factor kappa-light-chain-enhancer of activated B cells; p-ERK MAPK, phosphorylated ERK MAPK;
p-NF-kB, phosphorylated NF-kB; p-p38 MAPK, phosphorylated p38 MAPK. *p < 0.05 versus the contorl group, Tp < 0.05 versus fipronil (10 uM) alone.

Additionally, fipronil effect began from 2 h after incubation and ERK1/2, p38, and NF-kB

reached its maximum at 24 h (Figure 2D). Fipronil treatment resulted in the phosphorylation (activa-
tion) of ERK1/2, p38, and NF-kB (Figure 3A). Furthermore, we
Fipronil-induced cytokine expression in human primary examined whether ERK1/2, p38, and NF-kB signalling pathways

nasal epithelial cells was associated with phosphorylation of  were involved in fipronil-induced pro-inflammatory cytokine
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Figure 5. Fipronil-induced MUC5AC protein production in human nasal inferior turbinate tissues was associated with ERK1/2, p38, and NF-kB activa-

tion. Representative immunofluorescence staining showed MUC5AC (green) with nuclear DAPI (blue). Fipronil significantly induced MUC5AC protein
production (green) in the epithelium. Treatment with a specific ERK1/2 inhibitor (U0126), p38 inhibitor (SB203580), and NF-kB inhibitor (BAY 11-7085)

significantly attenuated fipronil-induced MUC5AC protein production (green). Ex vivo cultures from different donors were performed at least three

independent experiments. DAPI, 4,6-diamidino-2-phenylindole. Scale bars, 100 pm.

IL-1B, IL-6, IL-8 expression in human primary nasal epithelial
cells by pre-treating the cells with MAPK inhibitors. Results of
real-time PCR showed that U0126 (a specific ERK1/2 inhibitor),
SB203580 (a specific p38 inhibitor), and BAY 11-7085 (a NF-kB
inhibitor) significantly attenuated fipronil-induced pro-inflam-
matory cytokine IL-13, IL-6, IL-8 expression (Figures 3B-D).

Fipronil-induced MUC5AC expression in human primary
nasal epithelial cells was associated with ERK1/2, p38, and
NF-kB activation

Results of real-time PCR and ELISA showed that treatment with
U0126, SB203580, and BAY 11-7085 significantly attenuated
fipronil-induced MUC5AC mRNA expression and protein produc-
tion (Figures 4A and B). Knockdown of ERK1, ERK2, p38, and NF-
KB by siRNA significantly attenuated fipronil-induced MUC5AC
mMRNA expression (Figures 4C and D).

Fipronil-induced MUC5AC expression was associated with
ERK1/2, p38, and NF-kB in tissue culture of human nasal
inferior turbinate tissue

Results of IF showed that treatment with the MAPK inhibitors
(U0126 and SB2035800) and NF-kB inhibitor (BAY 11-7085) sig-
nificantly attenuated fipronil-induced MUC5AC protein produc-
tion in the epithelium (Figure 5).

Discussion

Fipronil, a pesticide, has a long half-life that ranges from 3-3.7
months in the field, depending on factors such as soil type,
ultraviolet radiation, moisture, and temperature 2, It is easy to

contaminate cow milk, fruit, and vegetables with pesticides. No-
tably, millions of eggs have been found with excessive fipronil
levels in Europe and South Korea in 2017. Fipronil can bioac-
cumulate through a variety of methods including residue intake
via food, inhalation, and dermal acute exposure. This compound
is readily metabolized and slowly excreted via urine, faeces, and
bile 3. The major metabolite of fipronil in humans is fipronil
sulfone, which is also harmful to human health 7, Fipronil me-
tabolites have been shown to persist longer than fipronil itself.
In this study, we observed that fipronil treatment induced the
expression of pro-inflammatory cytokines IL-1(, IL-6, and IL-8,
and MUC5AC expression via ERK1/2, p38, and NF-kB signalling
pathways in human primary nasal epithelial cells and human
nasal inferior turbinate tissue. Fipronil also activated ERK1/2,
p38, and NF-kB signalling pathways. Inhibitors and siRNA of
ERK1/2, p38, and NF-kB inhibited fipronil-induced cytokines and
MUCS5AC expression.

Pro-inflammatory cytokines, including IL-1, IL-6 and IL-8, play
important roles in the immune and inflammatory responses
1519 These cytokines are implicated in many airway inflamma-
tory diseases as general pro-inflammatory markers and are used
to determine whether it relate in response to airway inflamma-
tion. IL-1 and IL-6 are produced not only innate immune cells
including macrophages, dendritic cells, mast cells, neutrophils,
and B cells but also non-leukocytes such as fibroblasts, endothe-
lial cells, and epithelial cells. IL-13 and IL-6 are frequently found
in sputum and bronchoalveolar lavage fluid of patients with
asthma and COPD and amplify inflammation through the acti-
vation of NF-kB. IL-8, a neutrophil attractant and activator, plays
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a significant role in airway inflammation “”. In a recent study,
bronchial epithelial cells from patients with COPD exhibited
increased levels of IL-8 '®. Fipronil may aggravate airway inflam-
matory diseases that are related with increased pro-inflamma-
tory cytokine such as IL-1p, IL-6 and IL-8. We demonstrated that
fipronil significantly increased the expression of pro-inflamma-
tory cytokines such as IL-13, IL-6, and IL-8 (Figure 2).

Mucus covers the luminal surfaces of epithelial organs and
protects the respiratory tract by trapping inhaled irritants and
pathogens. Goblet cells and submucosal glands produce mucin,
which determines viscoelasticity. During airway infection or
trauma, epithelial cells lining the airway tract undergo goblet
cell metaplasia and hyperplasia related to activation of the
MAPK/NF-xB signalling pathway. MUC5AC, a representative
secretory-associated mucin, is a goblet cell marker. Goblet cell
differentiation and excessive mucus production are common
features of many airway diseases . Patients with COPD and
asthma exhibit increased goblet cell hyperplasia and luminal
mucin production ®22, MUC5AC levels are increased by goblet
cell hyperplasia and metaplasia in sinus mucosa of patients with
chronic rhinosinusitis @24,

Results of this study showed that fipronil significantly increased
MUCS5AC expression in human primary nasal epithelial cells
(Figures 2A and C). However, fipronil did not induce MUC5B
expression. We think that the reason of the different expression
between MUC5AC and MUC5B are morphological and biophysi-
cal properties. MUC5B is related to control of infection in upper
airway and maintain immune homeostasis in lower airway
whereas MUC5AC had not influence ?%. Moreover, two mucins
suggest different localization that the MUC5AC is normally
produced in epithelium by goblet cells and MUC5B is mainly
produced submucosal glands. A recent study, these are verified
different morphology that MUC5B is liner form like bundles
coated by MUC5AC @9, Thus, present study, it was expected the
expression of two mucins would be regulated different ways.
Expression of pro-inflammatory cytokines and MUC5AC was
induced through ERK1/2, p38, and NF-kB activation by vari-

ous inflammatory mediators in human airway epithelial cells.
MAPKSs, serine-threonine protein kinases, play a critical role in
various airway inflammatory signals. Treatment with a MAPK ac-
tivity inhibitor can block airway inflammatory disease. Moreover,
NF-kB signalling regulates cytokine activity in airway pathology.
Therefore, we focused on the role of signalling associated with
ERK1/2, p38, and NF-kB in fipronil-induced expression of pro-
inflammatory cytokines IL-1p, IL-6, IL-8, and MUC5AC. Fipronil
treatment induced the phosphorylation of ERK1/2, p38, and
NF-kB. MAPK-specific inhibitors significantly attenuated fipronil-
induced IL-1(, IL-6, IL-8 and MUC5AC expression and phosp-
horylation of ERK1/2, p38, and NF-kB. Ex vivo data confirmed
that fipronil-induced MUC5AC was associated with ERK1/2-p38
and NF-kB signalling pathways in nasal inferior turbinate tissue.
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These findings suggested that fipronil induced upper airway
inflammation and MUC5AC expression in human primary nasal
epithelial cells through ERK1/2, p38, and NF-kB. However, there
are some limitations in this study. Currently, the treatment of
airway diseases with mucin production and inflammatory re-
sponses have used corticosteroid and anti-inflammatory agent.
However, we just focus on effect of fipronil on mucin production
and inflammation responses in nasal epithelial cells. Further
studies are necessary to clarify effect of therapeutic agent such
as corticosteroid and anti-inflammatory agent on mucin produc-
tion and inflammatory responses in nasal epithelial cells ?”. And
the present study did not demonstrate the potential receptor(s)
bind to fipronil. We will do further experiment to elucidate
which receptor regulates activation of these signaling pathway
and the more precise regulatory mechanisms. And, we will also
compare the effect of fipronil and other inducers such as lipopo-
lysaccharide on mucin production and inflammatory response
and determine synergic effect with fipronil and other inducer.

Conclusion

In conclusion, this study showed, for the first time, that fipronil
exposure induced pro-inflammatory cytokine IL-1p, IL-6, IL-8,
and MUC5AC expression via activation of ERK1/2-p38 and NF-kB
pathways in human primary nasal epithelial cells and nasal infe-
rior turbinate tissue. Although additional studies are necessary
to fully understand the effects of fipronil on the expression of
cytokines and mucin and the detailed signalling pathways in-
volved, these findings provide important insights into the ability
of fipronil to regulate cytokine and mucin secretion in upper
airway epithelial cells.
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