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Abstract

Purpose Several murine models have been established to mimic human eosinophilic chronic rhinosinusitis (ECRS). However,
in most of these models, ECRS was induced using ovalbumin, which does not cause sinusitis in humans. Thus, we aimed to
develop a more clinically relevant murine model of ECRS using multiple airborne allergens. We also investigated the effects
of exposure duration of the allergens on ECRS development.

Methods C57BL/6 mice were intranasally administered multiple airborne allergens (house dust mite, Aspergillus fumigatus,
Alternaria alternata, and protease from Staphylococcus aureus) three times weekly for 4, 8, 12, and 16 consecutive weeks.
Histopathological changes, the levels of cytokines and chemokines in the nasal lavage fluid, and immune cells of the blood
and spleen were analyzed.

Results The mice administered multiple allergens showed significantly increased eosinophil infiltration, epithelial thickening
and disruption, and subepithelial collagen deposition from 8 weeks compared to the control group. Goblet cell hyperplasia,
polyp-like lesions, and blood eosinophils, as well as the levels of interleukin-5 and eotaxin in the nasal lavage fluid were
considerably increased in the ECRS group from 12 weeks compared to those of controls. Instillation of allergens for 16 weeks
exacerbated the eosinophil infiltration and eotaxin increase in the nasal lavage fluid.

Conclusions We successfully established a new murine model of ECRS using more clinically relevant multiple airborne
allergens. Prolonged exposure to airborne allergens for 12 weeks or more, corresponding to the definition of human ECRS,
strongly induced eosinophil infiltration as well as epithelial remodeling.
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Introduction

Chronic rhinosinusitis (CRS) occurs due to chronic inflam-
mation of the sinonasal mucosa, characterized by nasal
obstruction, discharge, facial pain, and reduction of smell
that can persist for at least 12 weeks [1]. CRS imposes a
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rhinosinusitis (ECRS) is specifically characterized by eosin-
ophilic inflammatory infiltration and production of type 2
cytokines [3, 4]. ECRS is clinically significant because of its
high probability of recurrence despite medical and surgical
treatments, as well as its strong association with asthma [5,
6]. ECRS is a common manifestation of CRS in Europe and
the United States, whereas non-ECRS forms are more preva-
lent in Asian countries [7-9]; however, recent studies indi-
cate that the prevalence of ECRS is increasing in Asia [10,
11]. Thus, new treatment strategies for ECRS are needed,
which require gaining a better understanding of the mecha-
nism and obtaining a clinically relevant model for testing.

Current animal models of ECRS have provided an oppor-
tunity to understand the pathophysiology of the disease and
to test the safety and efficacy of new therapeutic agents.
However, most of the murine models reported to date were
induced to develop ECRS using ovalbumin (OVA) [12-14],
which does not accurately mimic the physiological condi-
tion, as it does not cause sinusitis in humans. In addition,
sensitizing mice with OVA alone via an inhalation route can
induce immune tolerance rather than overt immunity [15].
Thus, systemic sensitization by an intraperitoneal route is
required to boost immune responses in some models [13,
16, 17], whereas sensitization in humans is highly unlikely
to occur through the peritoneum.

Accordingly, a novel murine model of ECRS that more
accurately represents the pathophysiology of human ECRS
has emerged as a major issue. In human ECRS, several
factors activate nasal epithelial cells, including allergens,
fungi, Staphylococcus aureus, and viruses, leading to the
release of epithelial-derived cytokines such as thymic stro-
mal lymphopoietin, interleukin (IL)-33, and IL-25. Subse-
quently, these cytokines stimulate myeloid dendritic cells,
group 2 innate lymphoid cells, and mast cells to induce a
type 2 inflammatory response [8, 9]. Thus, we used multi-
ple airborne allergens that are clinically relevant to humans.
House dust mite (HDM) is the most common allergen caus-
ing airway inflammation, which is frequently detected in
home environments [18], and is the major cause of T-helper
type 2 (Th2) inflammatory airway diseases. Fungi have also
been strongly linked to human allergic diseases as well as to
rhinosinusitis [19, 20]. Aspergillus has been considered to
be the most common cause of fungal rhinosinusitis [21], and
Alternaria was shown to induce innate Th2 inflammation in
both CRS patients [22, 23] and allergic mice [23]. S. aureus
is one of the most frequently detected bacteria in CRS, and
is strongly associated with eosinophilic inflammation and
nasal polyps [24].

Therefore, we aimed to develop a more clinically relevant
murine model of ECRS using multiple airborne allergens.
We combined these four allergens (HDM, Aspergillus, Alter-
naria, and S. aureus) for the establishment of the present
model that better reflects the natural course of human ECRS.
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In addition, we investigated the effects of the duration of
allergen exposure based on time-course analysis to confirm
the minimum time required for inducing ECRS in mice and
thus optimize the method for model establishment.

Materials and methods
Animals

C57BL/6N female mice at 6 weeks of age were purchased
from Orient Bio (Seongnam, Korea) and maintained under
specific pathogen-free conditions. The use of animals in this
study was approved by the Ethics Committee and Institu-
tional Animal Care and Use Committee of Yonsei University
Health System (2017-0094), and the study was conducted
according to international guidelines (ARRIVE) on animal
experiments.

Establishment of the ECRS model

The mice were intranasally administered multiple airborne
allergens three times weekly for 4, 8, 12, and 16 consecutive
weeks in the ECRS group; phosphate-buffered saline (PBS)-
treated mice were used as the control group. The multiple
allergens included a mixture of 20 pg HDM extract (Der-
matophagoides pteronyssinus; Greer Laboratories, Lenoir,
NC, USA), 20 pg Aspergillus fumigatus (Greer Laborato-
ries), 20 pg Alternaria alternata (Greer Laboratories), and
1 pg protease from S. aureus (Abnova, Taipei) dissolved in
sterile PBS to a total volume of 30 pl, 15 pl of which was
instilled in each nostril. The mice were analyzed at 4, 8,
12, and 16 weeks (n=6 per time point for the control and
ECRS group, respectively; based on the previous studies
of sinusitis murine model using 3-8 mice per experimental
group [12-14, 25]). All mice were killed 24 h after the last
intranasal administration (Fig. 1).

Histopathology

The mouse heads were fixed in 4% PFA overnight, decalci-
fied in 10% ethylenediaminetetraacetic acid for 2 weeks, and
embedded in paraffin. The embedded tissues were cut into
coronal, 4-um-thick sections. An atlas of the normal murine
sinonasal anatomy was used to standardize the anatomic
locations examined [26]. The histological changes in the
nasal mucosa were analyzed by hematoxylin and eosin stain
for overall inflammation, Sirius red stain for eosinophil infil-
tration and polyp-like lesions, periodic acid—Schiff (PAS)
stain for goblet cell hyperplasia, and Masson’s trichrome
stain for collagen deposition as well as the thickness of the
epithelial and subepithelial layers. Quantitative histologi-
cal analysis was performed independently by two examiners
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Fig. 1 Experimental protocol Sacrifice Sacrifice Sacrifice Sacrifice
for the development of eosino-

philic chronic rhinosinusitis week v v v v
(ECRS) in mice. Mice were 0o 1 2 3 4wks 8wks 12wks 16wks

subjected to intranasal challenge
by multiple airborne allergens

[house dust mite (HDM),

Aspergillus fumigatus, Alter-

naria alternata, and protease

from Staphylococcus aureus]

three times weekly to induce

ECRS. Phosphate-buffered

saline (PBS) was used for the .
control group. Assessments
were performed at 4, 8, 12, and
16 weeks (wks) after the first
intranasal challenge

3 times a week

Intranasal challenge without anesthesia

Control : PBS (30 pl)
ECRS : HDM (20 pg) + Aspergillus (20 pg) + Alternaria (20 pg)
+ protease from S. aureus (1 pg) in 30ul PBS

» Total 30pl i.n. (each 15 pl at each nostril) / 1 mouse

blinded to the experimental group and study interval. The
measurement sites were unified for each mouse. Tissue
eosinophil aggregates were defined as one or more clusters
of eosinophils (> 20/high-power field) within the sinonasal
mucosa [27]. The numbers of eosinophils (Supplementary
Fig. 1) and goblet cells (Supplementary Fig. 2) were counted
under nine high-power fields (400 X) and summed for
between-group comparisons. The maximal mucosal thick-
ness at the transition zone between the olfactory and respira-
tory epithelium was measured, and the average value from
four different areas was used for comparisons. The amount
of total collagen deposition was calculated for each section
and expressed as the percentage of the collagen-stained sec-
tion among total cell area using ImageJ software (version
1.51j8; National Institutes of Health, Bethesda, MD, USA)
[28]. Polyp-like lesions were defined as elevated mucosal
lesions with eosinophilic infiltration and/or microcavity for-
mation [13].

Cytokines and total cell counts in nasal lavage fluid

Nasal lavage was performed according to a previously
described method with slight modifications [29]. In brief,
the upper airway, including the palatopharyngeal region, was
isolated by dissection, and the mouse head was separated
at the level of the larynx. After inserting a 24-G catheter
through the pharyngeal opening into the choana, 1000 pl of
PBS was instilled. Collected fluids from the nostrils were
centrifuged, and supernatants were stored for cytokine
analysis. The levels of IL-4, IL-5, IL-6, IL-17A, eotaxin
(CCL11), interferon (IFN)-y, and tumor necrosis factor
(TNF)-a were measured using enzyme-linked immunosorb-
ent assay (ELISA) kits (R&D Systems, Minneapolis, MN,
USA). Cell pellets were resuspended and total cells were
counted using a hemocytometer.

Immune cells in the blood and spleen

The cell pellet of the blood was treated with red blood cells
(RBC) lysis buffer (Sigma-Aldrich, St. Louis, MO, USA), and
then single-cell suspensions were obtained by filtering through a
40-pm nylon mesh cell strainer. The harvested spleen was incu-
bated in RPMI 1640 digestion medium [10% fetal bovine serum,
0.1% collagenase type II, 1 mM MgCl,, and 1 mM CaCl,] at
37 °C for 30 min. After lysis of RBC, suspended single cells
were blocked with Fc block (anti-CD16/32; eBioscience, San
Diego, CA, USA) at 4 °C for 15 min. Prepared cells of blood and
the spleen were stained with fluorochrome-conjugated antibod-
ies against CD3e, CD11b, CD11c, CD19, CD45, CD64, F4/80,
MHC I, Siglec-F, and Ly6G (eBioscience) at 4 °C for 30 min.
The stained cells were analyzed using a BD LSR 1I Fortessa
flow cytometer (Becton—Dickinson, San Jose, CA, USA) and
FlowJo software (Tree Star, Inc., Ashland, OR, USA).

Statistical analysis

All statistical analyses were performed using IBM SPSS soft-
ware (version 23.0; IBM Corp., Armonk, NY, USA). Compar-
isons between groups were made by the Kruskal-Wallis test.
Bonferroni’s correction was applied to the post hoc analysis
of the between-group comparisons to allow for the number
of comparisons performed. If the variance analysis showed
significant differences between groups, the Mann—Whitney U
test was used for pairwise comparisons.

Results
Nasal histology

To confirm successful establishment of the model, we first
checked the eosinophil infiltration in the nasal mucosa, the
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indispensable finding in ECRS, using Sirius red stain. Mice
in the control group showed no eosinophil infiltration at all
study time points. However, considerably greater numbers
of infiltrating eosinophils were observed as of 8 weeks in the
ECRS group, which then increased, reaching the maximum
level at 16 weeks (Fig. 2a, b). In addition, the eosinophil
aggregates were detected in the ECRS group from 12 weeks
(Fig. 2c). The eosinophils were distributed throughout the
entire area of the nose, and were particularly more abundant
along the nasal septum, followed by the superior and inferior
maxillary turbinate (Supplementary Fig. 1).

We next used PAS stain to examine the extent of goblet
cell hyperplasia. In the ECRS group, the goblet cell popu-
lation increased gradually, with a significant difference
detected from that of the control group at 12 and 16 weeks
(Fig. 3a, b). The goblet cells were more frequently detected
in the nasal septum than in the inferior maxillary turbinate
at all study time points. Goblet cells were also noted in the
superior maxillary turbinate of the ECRS group at 12 and
16 weeks (Supplementary Fig. 2).

Moreover, Masson’s trichrome stain showed that the max-
imal epithelial and subepithelial thickness increased in the
ECRS group as of 8 weeks, and then remained stable until
16 weeks. Mice in the ECRS group also showed higher col-
lagen accumulation in the subepithelial layer as of 8 weeks
compared to that of the controls (Fig. 4a, b).

As expected, epithelial disruption and polyp-like lesions,
other typical findings of ECRS, were observed only in the
ECRS group as of 8 weeks and 12 weeks, respectively.
Epithelial disruption was detected in the nasal septum and
inferior maxillary turbinate (Supplementary Fig. 3a), and
polyp-like lesions were found in the inferior maxillary turbi-
nate and the lateral wall of the nasal cavity (Supplementary
Fig. 3b).

Immunological parameters of the nasal lavage fluid
The levels of major cytokines and chemokines of the nasal lav-

age fluid were evaluated to inspect the immunopathologic fea-
tures of the ECRS model. IL-4 levels were elevated in the mice
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Fig.2 Time-course analysis of eosinophil infiltration between groups.
a Representative photomicrographs of Sirius red stain (original mag-
nification: X400, magnified image of the x40 figure in the left upper
quadrant) showing eosinophil infiltration in the ECRS groups at 8,
12, and 16 weeks (scale bar: 50 pm). b Numbers of infiltrated eosino-
phils were counted in nine different high-power fields. ¢ Representa-
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tive photomicrographs of eosinophil aggregates (arrow) observed
in the ECRS group from 12 weeks (original magnification: X400,
scale bar: 50 pm). Data are expressed as mean=+SD. **p<0.01,
*#%p <(0.001 between control and ECRS groups. ECRS eosinophilic
chronic rhinosinusitis, wks weeks, HPF high-power field
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Fig.3 Time-course analysis of goblet cell hyperplasia between
groups. a Representative photomicrographs of periodic acid—Schiff
stain (original magnification: X400, magnified image of thex40
figure in the left upper quadrant) showing goblet cell hyperplasia in
the ECRS group (scale bar: 50 pm). b The numbers of goblet cells

of the ECRS group from 8 weeks compared to those of con-
trols, although the difference was not statistically significant.
The levels of IL-6 and TNF-a in the ECRS group were similar
to or higher than those in the controls, with significantly higher
TNF-a levels detected at 8 weeks. Most strikingly, the levels of
IL-5, which is involved in the activation and survival of eosino-
phils, and eotaxin (CCL11), a key chemokine in eosinophil
maturation and recruitment, were significantly elevated in the
ECRS group at 12 and 16 weeks compared to those of controls.
However, IFN-r and IL-17 were not detected (Fig. 5a). In addi-
tion, the total number of immune cells in the nasal lavage fluid
was increased in the ECRS group at all time points compared
to that of controls, with significant elevation detected at 12 and
16 weeks (Fig. 5b).

Immune cell infiltration of the blood and spleen
To characterize the systemic immune response induced by

multiple airborne allergens, we analyzed the differential cell
counts in the blood and spleen as well as the immune cell

were counted in nine different high-power fields. Data are expressed
as mean=+SD. *p<0.05, **p<0.01 between the control and ECRS
groups. ECRS eosinophilic chronic rhinosinusitis, wks weeks, HPF
high-power field

population in the spleen. Eosinophils and neutrophils were
identified by flow cytometry (Supplementary Fig. 4). Blood
eosinophils were significantly increased in the ECRS group
from 12 weeks compared to those of controls. The level of
blood neutrophils was also elevated in the ECRS group at all
time points, although the differences were not statistically
significant (Fig. 5c).

Finally, flow cytometric analysis of the spleen at 16 weeks
(Supplementary Fig. 5a) showed an approximately fourfold
increase in eosinophils in the ECRS group compared to con-
trols. The populations of T cells, B cells, dendritic cells,
neutrophils, and macrophages were also slightly increased
in the ECRS group but the difference from the control group
was not statistically significant (Supplementary Fig. 5b).

Discussion
In the present study, we successfully developed an ECRS

murine model for prolonged exposure to pathophysi-
ologically relevant multiple airborne allergens for at least
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Control gyvks

Control 12wks

Fig.4 Time-course analysis of maximal epithelial thickness, maximal
subepithelial thickness, and subepithelial collagen deposition between
groups. a Representative photomicrographs of Masson’s trichrome
stain (original magnification: X400, magnified image of thex40
figure in the left upper quadrant) obtained at the transition zone

12 weeks, which corresponds to the definition of human
ECRS. Indeed, this model showed typical histological
changes of human ECRS such as eosinophil infiltration,
goblet cell hyperplasia, epithelial thickening, and polypoid
lesions.

To achieve natural environmental exposure, four different
airborne allergens (HDM, Aspergillus, Alternaria, and S.
aureus) that are associated with human ECRS were com-
bined and administered to the mice through the nasal cavity.
They synergistically generated robust eosinophilic inflam-
mation within 12 weeks. HDM is strongly involved in the
pathogenesis of airway inflammation, and a large propor-
tion of patients with respiratory allergic diseases are sensi-
tized to HDM [18]. A previously established ECRS murine
model using intradermal immunization of HDM followed by
intranasal administration for 12 consecutive weeks showed
infiltration of eosinophils and mast cells [25]. CRS is asso-
ciated with recurrent infections and colonization of certain
organisms such as fungal species and S. aureus [9]. Aspergil-
lus has been used for the development of an ECRS murine

@ Springer

£ 60
5 *
n
8
c 40
-
=2
=
-
% 20 O Control
£ @ ECRS
Q 0
w 8 12 16
Control 16wks € Time (weoks)
TR 5100
s @
R 3 80
(=
=
L 60
<
e
T 40
@
£ 20 O Control
2 @ ECRS
| o
a 4 8 12 16
Time (weeks)
- 50
0
—
5% 40
[
28 %
238
8§ 2
=]
nE O Control
[<]
o @ ECRS

o

4 8 12 16
Time (weeks)

between the olfactory and respiratory epithelium (scale bar: 50 pm).
b Changes in maximal epithelial and subepithelial thickness, and
percentage of collagen deposition. Data are expressed as mean + SD.
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chronic rhinosinusitis, wks weeks

model by intraperitoneal and intranasal administration [17],
or intranasal sensitization combined with OVA [14, 16].
Recently, intranasal sensitization of Alternaria combined
with HDM and S. aureus for 16 weeks was used to generate
a murine model of ECRS [30]. In addition, staphylococcal
enterotoxin B, one of the S. aureus exotoxins, was used to
develop an ECRS murine model combined with OVA [13,
31].

All four airborne allergens used for establishment of
the new ECRS model in the present study have serine or
cysteine protease activities that can cause disruption of the
epithelial barrier, consequently allowing for the passage of
allergens, and stimulating various immune cells through
IgE-independent mechanisms. These processes induce pro-
inflammatory and pro-allergy responses, eventually lead-
ing to a Th2 immune response [32-37]. Thus, the protease
activity of airborne allergens is likely the main mechanism
of the development of airway remodeling observed in the
present study.
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Fig.5 Cytokine levels and cell counts from the nasal lavage fluid and
blood. a The levels of T-helper 2 cytokines (IL-4 and IL-5), eotaxin
(CCL11), pro-inflammatory cytokines (IL-6 and TNF-«), and IFN-r
and IL-17 (not detected) from the nasal lavage fluid in the control and

Although we could not detect all of the histopathologi-
cal findings found in human nasal tissue [27, 38, 39], major
findings were detected in the ECRS murine model in the
present study. We found significant increases in eosino-
phil infiltration, epithelial thickening, and disruption in the
ECRS group compared to those of controls as of 8 weeks,
whereas the goblet cell hyperplasia, polyp-like lesions, tis-
sue eosinophil aggregates, and blood eosinophils, as well
as the levels of IL-5 and eotaxin in the nasal lavage fluid
were considerably elevated as of 12 weeks. This latter time
point has particular clinical relevance because peripheral
blood eosinophilia is closely related to tissue eosinophilia
and considered to be a predictor for ECRS [38, 40, 41], tis-
sue eosinophil aggregates are driving factor for increased
prednisone requirements after surgery [27], IL-5 is a key
cytokine dictating nasal polyp and comorbid asthma [42],
and eotaxin is a crucial chemotactic factor for eosinophils

Time (weeks)

Time (weeks)

ECRS groups. b Total cell counts of the nasal lavage fluid. ¢ Blood
neutrophil and eosinophil counts. Data are expressed as mean +SD.
*p<0.05, **p<0.01, ***p<0.001 between the control and ECRS
groups

in ECRS [43]. In addition, instillation of inhalant allergens
for 16 weeks exacerbated the tissue eosinophil infiltration,
and eotaxin increase in the nasal lavage fluid. Tissue eosino-
philia is strongly associated with disease severity and poorer
quality-of-life improvements after treatment [27, 39]. Thus,
our results demonstrate that exposure of airborne allergens
for 12 weeks or more is sufficient for inducing ECRS in a
murine model, coinciding with the duration in the current
definition of human ECRS. This finding is also in line with
earlier observations that exposure to allergens for 12 weeks
[12, 14] or more [30, 31] was sufficient for the generation of
ECRS in mice. Although some ECRS models were estab-
lished during a period of less than 12 weeks, these models
could not accurately reflect chronic airway remodeling, an
important feature of ECRS, such as polyp-like lesions [16,
44].
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Interestingly, the eosinophil population of the spleen
of the ECRS group was significantly elevated at 16 weeks
compared to that of the control, even though we did not
sensitize the mice to the allergens by a systemic route. This
may reflect the characteristics of ECRS that are commonly
associated with systemic diseases such as asthma and aspi-
rin-exacerbated respiratory disease [5, 6], which could be
verified by examination of the systemic levels of total and
allergen-specific IgE.

Moreover, this is the first study to analyze the number of
eosinophils and goblet cells in various areas of the nasal cav-
ity. Both eosinophils and goblet cells were more frequently
detected in the nasal septum than in the maxillary turbinate.
These results are in contrast to a previous study of a bacte-
rial sinusitis murine model in which the goblet cells were
distributed in the nasal septum as well as in the superior
maxillary turbinate without a significant difference [45].
This discrepancy might be related to the different methods
and durations for generation of sinusitis in the two models,
as this previous model was established using Merocel nasal
packing and inoculation of Bacteroides fragilis for 4 weeks.
However, more investigation is warranted to define the
mechanism leading to the abundant infiltration of inflamma-
tory cells in the nasal septum observed in the present study.

There are some limitations to the present study. First,
previous ECRS models showed a conflicting T cell
immune response, including a Th2-specific feature [14] or
mixed Th1/Th2/Th17 feature [13]. This discrepancy might
indicate heterogeneous characteristics of ECRS; although
the Th2 type response is dominant in most populations,
a mixed Th2/Th17 type response has been reported to
be common in Asians [46—48]. Our ECRS model might
reflect the Th2 response given that the levels of IL-4, IL-5,
and eotaxin in the nasal lavage fluid were elevated, while
IFN-y and IL-17 were undetectable. However, the spe-
cific T cell immunity mechanism remains unclear, which
could be resolved by additional studies of their mRNA
levels in the nasal mucosa or supplemental histopathol-
ogy such as immunohistochemistry. Second, we could not
find Charcot—Leyden crystals [17, 39], which are typically
present in allergic fungal sinusitis, despite administration
of fungal allergens. Therefore, further studies are needed
to investigate the presence of crystals from the inflam-
matory eosinophilic exudate in mice. Third, this study is
descriptive and does not clarify the mechanism in depth,
because we focused on the generation of ECRS model in
this study. We are planning further research on the funda-
mental mechanism of development of ECRS by multiple
allergens, such as using mice deficient in IL-5 or eotaxin,
or dose-dependent study of allergens. Fourth, the sam-
ple size in each experimental group was relatively small.
However, other studies of sinusitis murine model also used

@ Springer

fewer than ten mice per group. Finally, the mixture of four
allergens can be complicated in the experimental method.
Despite these limitations, this comprehensive study on a
newly developed ECRS model provides significant advan-
tages for research compared to available models since it is
more pathophysiologically relevant and includes common
inhalant allergens that cause ECRS in humans. Accord-
ingly, this model might better reflect the natural condition
in which human airways are consistently exposed to sev-
eral environmental factors simultaneously, including mul-
tiple airborne allergens. We also evaluated the influence of
the exposure duration of multiple allergens by consecutive
time-course analysis and the detailed histology of ECRS
in various areas of the nasal cavity. CRS is a heterogene-
ous inflammatory disease, thus endotyping CRS is cru-
cial for the personalized treatment of individuals [41, 48].
Eosinophils are associated with higher recurrence rate and
development of systemic diseases. Therefore, this study
can offer an excellent experimental platform for future
studies of CRS pathophysiology based on endotyping by
establishment of appropriate ECRS murine models.

Conclusions

We successfully developed a new murine model of ECRS
using multiple pathophysiologically relevant airborne
allergens. Prolonged exposure to airborne allergens for
12 weeks or more induced eosinophil infiltration and
remodeling of the sinonasal epithelium. We expect that
this multiple airborne allergen-induced ECRS murine
model will contribute to gaining a deeper understanding of
the pathophysiology of the heterogeneous nature of ECRS
as well as help in investigating novel molecular targets for
anti-inflammatory therapies for ECRS.
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