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Mometasone furoate and fluticasone furoate
are equally effective in restoring nasal
epithelial barrier dysfunction in allergic
rhinitis
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ABSTRACT
Tight junction defects (TJ) have been associated with a defective epithelial barrier function in
allergic rhinitis (AR). Intranasal corticosteroids are potent drugs frequently used to treat AR and are
shown to restore epithelial integrity by acting on TJs and by reducing type 2 cytokine production.
However, the effect of different classes of intranasal corticosteroids on the epithelial barrier has not
been studied. Therefore, we compared the effect of 2 intranasal corticosteroids, ie, fluticasone
furoate (FF) and mometasone furoate (MF) on epithelial barrier function. Both FF and MF similarly
increased trans-epithelial electrical resistance of primary nasal epithelial cell cultures from AR
patients. In a house dust mite-induced allergic asthma mouse model, FF and MF had similar
beneficial effects on fluorescein isothiocyanate–dextran 4 kDa mucosal permeability, eosinophilic
infiltration and IL-13 levels. Both molecules increased mRNA expression of the TJ proteins occludin
and zonula occludens-1, thereby restoring epithelial barrier function. Lastly, we showed that long-
term FF treatment also increased expression of occludin in AR patients compared to controls. In
conclusion, both FF and MF effectively restore epithelial barrier function by increasing expression
of TJ proteins in AR patients.
TO THE EDITOR external environment. Maintaining proper integrity
The airway epithelium acts as the first barrier,
separating the antigenic airway lumen from the
artment of Otorhinolaryngology, Head and Neck Surgery, University of
e School of Medicine, Heraklion, Crete, Greece.
rresponding author. KU Leuven, Allergy and Clinical Immunology
arch Unit, Herestraat 49, Box 811, Leuven, Belgium. E-mail: Brecht.
lant@kuleuven.be

rrent address: Department of Gastrointestinal Health, Société des pro-
s Nestlé S.A., Nestlé Research, Vers-chez-les-Blanc, 1000 Lausanne 26,
zerland.
list of author information is available at the end of the article

://doi.org/10.1016/j.waojou.2021.100585
ived 8 March 2021; Received in revised from 27 July 2021; Accepted
ugust 2021
ne publication date 11 September 2021
-4551/© 2021 Published by Elsevier Inc. on behalf of World Allergy
anization. This is an open access article under the CC BY-NC-ND license
://creativecommons.org/licenses/by-nc-nd/4.0/).
of this epithelial barrier is of pivotal importance for
tissue homeostasis and disease prevention. Tight
junctions are essential cell-to-cell adhesion pro-
teins involved in the formation of a physical bar-
rier.1 A defective epithelial barrier has been
described in the pathogenesis of allergic rhinitis
(AR) and chronic rhinosinusitis (CRS), due to
structural and functional abnormalities of tight
junctions.2,3 Intranasal corticosteroids (INS)
represent a first-line treatment in various forms of
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airway diseases, such as AR and CRS.4

Corticosteroids act on allergic inflammation by
regulating the production and secretion of
cytokines from immune cells and have the ability
to promote the formation of the airway epithelial
barrier by acting on tight junctions.5 Different
classes of INS are available to treat AR.6 Two
frequently used INS are fluticasone furoate (FF)
and mometasone furoate (MF). Both FF and MF
are effective single-modality treatment for AR.
However, to our knowledge, there has been no
head-to-head study comparing the effect of FF and
MF on epithelial barrier function in patients with
AR in vitro and ex vivo, and in a mouse model of
house dust mite (HDM)-induced allergic asthma.
Hence, this study was performed to compare the
efficacy between FF and MF to promote epithelial
integrity.

Firstly, we tested the effect of different concen-
trations of FF and MF on primary nasal epithelial
cells of non-allergic controls and patients with
Fig. 1 Effect of fluticasone furoate and mometasone furoate on nas
furoate (FF) and mometasone furoate (MF) on trans-epithelial electrica
rhinitis at air-liquid interface (n ¼ 4 donors). B. Graphical representatio
and the therapeutic interventions. N ¼ 5 mice/group. C. Effect of FF a
differential cell count in bronchoalveolar lavage fluid. E.-F. IL-4 and IL
expression of occludin and ZO-1 in the nasal mucosa. Expression is re
expression of occludin and number of eosinophils in bronchoalveolar
ANOVA with Holm-Sidak’s multiple comparisons test. Data presented
HDM-induced AR, grown at air-liquid interface for
21 days on Transwell inserts as described previ-
ously.3 Both FF and MF dose-dependently
increased trans-epithelial electrical resistance
(TEER) of diseased epithelial cells (Fig. 1A).
Interestingly, no effect of FF or MF on TEER was
observed in nasal epithelial cell cultures of non-
allergic controls (Supplementary Fig. 1). Next, we
investigated the effect of FF and MF on mucosal
integrity in a mouse model of HDM-induced
allergic asthma (Fig. 1B).3 One hour before each
HDM challenge (50 ml), mice received
endonasally either 50 ml sham, FF (0.3 mg/kg
bodyweight) or MF (0.3 mg/kg body weight).
Twenty-four hours after the last HDM challenge,
20 ml FITC-dextran 4 kDa (FD4) was applied in the
nose to evaluate mucosal permeability. FD4
mucosal permeability was significantly increased in
HDM-challenged mice, which was significantly
reduced to levels found in saline control mice after
treatment with FF and MF (Fig. 1C). Additionally,
FF and MF significantly attenuated the levels of
al epithelial integrity in vitro and in vivo. A. Effect of fluticasone
l resistance of primary nasal epithelial cells of patients with allergic
n of house dust mite (HDM)-induced allergic asthma mouse model
nd MF on FD4 mucosal permeability. D. Effect of FP and MF on
-13 levels measured in bronchoalveolar lavage fluid. G.-H. mRNA
lative to housekeeping gene B2M. I. Correlation between mRNA
lavage fluid of all house dust mite-challenged mice. One-Way
as mean � SD. *p < 0.05; **p < 0.01 and ***p < 0.001
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Fig. 2 Effect of year-long treatment with fluticasone furoate on occludin expression in nasal mucosa of controls and patients with
allergic rhinitis. A. Representative immunofluorescence staining for occludin in the nasal mucosa of controls and patients with allergic
rhinitis at baseline and after 1 year. N ¼ 6 patients. B. Mean fluorescence intensity of occludin at baseline in controls and patients. Image J
was used to measure this. C. Correlation between mean fluorescence intensity of occludin and the number of eosinophils in the lamina
propria at baseline in patients with allergic rhinitis. D. Effect of year-long treatment with fluticasone furoate on the mean fluorescence
intensity of occludin in controls and patients. Student’s t-test (Fig. 2B) and paired t-test (Fig. 2D), data presented as mean � SD.*p < 0.05
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eosinophils in bronchoalveolar lavage fluid
(Fig. 1D). Both INS reduced IL-13, but not IL-4
levels in bronchoalveolar lavage fluid (Fig. 1E–F).
Next, we investigated the effect of both INS on
occludin and ZO-1 mRNA expression in the nasal
mucosa and found that HDM-challenged mice
showed reduced levels of both occludin and ZO-1
(Fig. 1G–H). Treatment with FF, but not MF,
increased mRNA expression. Levels of
eosinophils in bronchoalveolar lavage fluid
correlated inversely with occludin mRNA
expression (Fig. 1I). Similar effects on
inflammation and epithelial barrier function were
observed when FF and MF were applied in the
nose of mice in a therapeutic setting
(Supplementary Fig. 2).
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As both INS molecules are capable of reducing
inflammation and restoring mucosal barrier func-
tion, we wondered what the long-term effect of INS
on mucosal barrier function was. Therefore, 5 mm
thick serial sections of snap-frozen nasal mucosal
biopsy specimens from a previously performed
study were used to evaluate the expression of
occludin in controls and patients with AR at base-
line and after one year on daily FF treatment.7 We
found that occludin expression was severely
disrupted at baseline in patients compared to
controls, which recovered after one year of daily
treatment (Fig. 2A). Mean occludin fluorescence
intensity was significantly decreased in patients
compared to controls, which inversely
correlated—though without reaching significance—
with levels of eosinophils found in the lamina
propria (Fig. 2B–C). Lastly, after one year of
treatment with FF, mean occludin fluorescence
intensity significantly increased. No effect was
found in controls (Fig. 2D).

Epithelial barriers play a pivotal role in main-
taining mucosal immune homeostasis. In AR,
however, the homeostasis balance is characterized
by reduced junctional integrity, and overwhelming
mucosal inflammation.1 Disruption of epithelial
tight junctions might increase the susceptibility to
allergen sensitization, as well as decrease the
threshold of allergen exposure to drive local
antigen-driven inflammation. Indeed, we previ-
ously reported that allergen sensitization was
facilitated in the presence of epithelial barrier de-
fects and that preventing epithelial injury
hampered allergen sensitization.8

The ability of INS to restore barrier function has
been demonstrated in a number of in vitro and
in vivo models.3,9 However, the effect of different
classes of INS on epithelial integrity has not been
extensively studied. Here, we show that both FF
and MF significantly restore epithelial barrier
integrity, and similarly reduce mucosal
permeability and eosinophilic inflammation
in vivo. Both INS directly restore the epithelial
barrier by increasing mRNA and protein levels of
tight junctions. Clinically, both FF and MF have
been proven effective in the treatment of
AR.10,11 Here, we demonstrate that long-term
INS treatment in patients with AR promotes the
expression of occludin, illustrating the beneficial
effect of the treatment on epithelial integrity.
Furthermore, we show that both INS have a similar
effect on inflammation in vivo. Corticosteroids
have been associated with reduced type 2
inflammation.12 Type 2 cytokines, including IL-4
and IL-13, are capable of reducing tight junction
function and integrity.13 From our results, we
cannot exclude the contribution of INS in
reducing inflammation indirectly by suppression
of type 2 cytokines. Similarly, INS might also have
an effect on the epithelial cytokines IL-25, IL-33
and thymic stromal lymphopoietin, which are also
contributing to type 2 inflammation and epithelial
disruption.14

Based on our results, we propose that both INS
may prevent epithelial defects by enhancing the
ability of the epithelium to withstand environ-
mental triggers, thereby reducing mucosal
permeability and inflammation. A year-long treat-
ment with INS reconstitutes a defective epithelial
barrier in patients with AR by promoting tight
junction expression and function.
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