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Key messages list:

¢ MP-AzeFlu has demonstrated efficacy in allergic rhinitis, and a superior effect compared
to FP and AZE administered in monotherapy.
o We analyzed the anti-inflammatory effect of MP-AzeFlu, compared to FP or AZE, on

GILZ, MKP-1 and TTP gene expression in healthy and inflamed upper airway mucosa.
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e The superior clinical effect of MP-AzeFlu compared to FP and AZE monotherapy may be
related to greater upregulation of anti-inflammatory GILZ gene expression and, to a lesser
extent, MKP-1 and TTP
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To the Editor:

Allergic rhinitis (AR) is a Th2 IgE-mediated disease with elevated levels of proinflammatory
mediators, eosinophil infiltration of the nasal mucosa, and mucus hypersecretion. Antihistamines and
intranasal corticosteroids, including MP-AzeFlu (intranasal fluticasone and azelastine), are
recommended as the first-line therapy for AR (1). Intranasal corticosteroids are also the first-line
treatment for chronic rhinosinusitis with nasal polyps (CRSwNP) or without (CRSsNP), while

antihistamines are only indicated in chronic rhinosinusitis (CRS) with concomitant AR (2).

MP-AzeFIu has demonstrated efficacy in AR, and a superior effect compared to these drugs
administered individually, on nasal and ocular symptoms and quality of life; moreover, MP-AzeFlu
has shown earlier and faster AR control in moderate-to-severe AR (3). While MP-AzeFlu is guideline-
recommended and its clinical efficacy has been widely studied, the mechanisms by which this

therapy exerts its effect in AR are largely unknown.

Our laboratory has used an in vitro model of eosinophilic inflammation based on the
interaction between cultured primary isolated nasal mucosa epithelial cells and isolated peripheral
blood eosinophils to study the effect and potency of anti-inflammatory drugs (4,5). Using this model,
we have previously reported greater anti-inflammatory effects of the combination of an intranasal
corticosteroid and an antihistamine, including MP-AzeFlu, in both nasal mucosa and nasal polyp
epithelial cells, compared to the effect of these drugs administered alone (5). We have also
demonstrated that glucocorticoids induce the transcription of anti-inflammatory genes such as
glucocorticoid-induced leucine zipper (GILZ), mitogen-activated protein kinase (MAPK) phosphatase
1 (MKP-1), and tristetraprolin (TTP) in nasal mucosa fibroblasts (6).

While detailed insights are lacking regarding the mechanisms of pathogenesis in CRSwWNP, it
is now clear that IgE-mediated Th2 inflammatory pathways play a critical role in this disease (7). H,
receptor antagonists decrease eosinophil survival (4) and inhibit the release of proinflammatory
mediators by mast cells (8) and the production of pro-inflammatory cytokines by nasal epithelial cells
(4,9). In addition, azelastine (AZE) has been shown to enhance the anti-inflammatory effect of
budesonide and improve nasal symptoms in AR patients through the induction of MKP-1 expression
(9). As such, it is reasonable to hypothesize that an increased induction of anti-inflammatory genes
could partially explain the superior anti-inflammatory effect of MP-AzeFlu when compared to

fluticasone propionate (FP) or AZE alone.
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In the present study, we propose to analyze the anti-inflammatory effect of MP-AzeFlu,
compared to monotherapy with FP or AZE, on GILZ, MKP-1 and TTP gene expression in healthy and

inflamed upper airway mucosa.
Materials and Methods
Study population

Nasal mucosa (NM) tissues were obtained from patients undergoing nasal corrective surgery
for nasal deviation and/or turbinate hypertrophy. Patients with current upper respiratory tract
infections were excluded. Nasal polyps (NP) were obtained from patients undergoing nasal
polypectomy and/or endoscopic sinus surgery for CRSwNP. Patients with asthma, nonsteroidal anti-
inflammatory drug-exacerbated respiratory disease (N-ERD), or other nasal and nasosinusal

diseases (ie, vasculitis, granulomatosis, benign or malignant tumors) were excluded.
Experimental design

Fibroblasts were isolated using a specific and selective growth culture media. The purity of
fibroblast cultures was confirmed by positive immunostaining to vimentin (fibroblast marker) and
negative to cytokeratin 1 (epithelial cell marker) (6). Cells were incubated with serum-free media and
treated for 2 to 24 hours with MP-AzeFIlu (dilution 1:10%-1:10%) or equivalent dilutions of FP and AZE.
MRNA and protein expression of GILZ, MKP-1, and TTP (at 2, 6, and/or 24 hours) were assessed by

real time polymerase chain reaction (RT-PCR) and Western blot, respectively.
Ethical Issues

Prior to study initiation, the protocol was approved by the HCB Ethics Committee. Written

informed consent was obtained from all patients prior to their participation.
Statistical Methods

All results are expressed as mean + standard error of the mean (SEM). Wilcoxon tests were
used for the non-parametric paired comparisons and analysis of variance (ANOVA) tests were used
for parametric comparisons. Analyses were performed using GraphPad 8.4.0 with an alpha level set
at p<0.05.

Results
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GILZ

MP-AzeFlu and FP upregulated GILZ mRNA expression at all timepoints (from 2 h to 24 h) and
dilutions in both NM and NP. AZE induced a mild upregulation of GILZ mRNA expression at dilution
1:102 at some timepoints. MP-AzeFlu at dilution 1:102 showed a superior effect in the upregulation of
GILZ mRNA expression at 2 and 6 hours in NM and at 6 and 24 hours in NP compared to
monotherapy with FP or AZE (Figure 1). Neither MP-AzeFlu nor FP significantly upregulated GILZ

protein expression at any timepoint or dilution.

MKP-1

MP-AzeFlu and FP upregulated MKP-1 mRNA expression at all timepoints and dilutions in
both NM and NP. AZE at dilution 1:102 upregulated MKP-1 mRNA expression at 2 hours in both NM
and NP. MP-AzeFlu at dilution 1:10%2 showed a partial superior effect in the upregulation of MKP-1
MRNA expression compared to monotherapy with FP in NP (at 2 h) and AZE in NM (at 2 h and 6 h;
Table 1). MKP-1 protein expression was not detected when cells were incubated with MP-AzeFIlu
and FP.

TTP
MP-AzeFlu and FP at dilution 1:102 increased TTP mRNA expression in NM (at 2 h and 6 h)
and NP (at 6 h).

AZE had no effect on TTP mRNA expression. MP-AzeFIlu at dilution 1:10% showed a superior
effect in the upregulation of TTP mRNA expression compared to monotherapy with FP and AZE in
NM (at 2 h) and with AZE in NM and NP (at 6 h; Table 1). The effect of drugs on TTP protein

expression was not studied due to very low gene expression.
Discussion

In this study, MP-AzeFlu, FP, and AZE upregulated GILZ mRNA expression, with MP-AzeFIu
showing a superior effect compared to monotherapy. MP-AzeFlu, FP, and AZE also upregulated
MKP-1 mRNA expression; however, no significant differences were observed between MP-AzeFIlu

and monotherapy. MP-AzeFlu and FP upregulated TTP mRNA expression, while AZE did not.

Anti-inflammatory genes are activated when glucocorticoids (GCs) diffuse across the cell
membrane to bind to GRa. The ligand-bound receptor translocates to the nucleus and binds GC-
responsive elements (GRE) on the promoter region of target genes (10). The anti-inflammatory effect

of MP-AzeFIlu has been confirmed by the upregulation of anti-inflammatory gene expression of GILZ,
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MKP-1, and TTP in our in vitro model. These findings suggest some of the molecular mechanisms of
action of MP-AzeFlu in upper airway inflammation (both AR and CRSwNP). However, in vitro models
have limitations. In this artificial setting, interactions between cells are lost. Furthermore, the
concentration of drugs used do not correlate to clinical doses used in the patient care setting. Thus,
these findings may not translate to clinical outcomes and further studies are needed to confirm the
findings.

In conclusion, the superior clinical effect of MP-AzeFIlu in both NP and NM compared to
monotherapy may be partly related to the greater upregulation of the anti-inflammatory gene

expression of GILZ and, to a lesser extent, MKP-1 and TTP expression.
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Figure 1. Superior effect of MP-AzeFlu compared to monotherapy with fluticasone propionate
(FP) or azelastine (AZE) on GILZ mRNA expression in nasal mucosa (NM) and nasal polyps
(NP) in a time course (2, 6, and 24 h).
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Table 1. Superior effect of MP-AzeFlu compared to fluticasone propionate and azelastine
monotherapy on MKP-1 and TTP mRNA expression (2 and 6 h).

MKP-1 mRNA TTP mRNA
NM NP NM NP

MP-AzeFlu 59+ 111 5.6 £1.4* 1.7+01%1 1.9+0.3

2h FP 45+0.8 4110 1.3+0.1 16+04
AZE 2204 47+16 1.3+£0.2 1.4+0.3
MP-AzeFlu 6.9+ 2.1% 7.7+3.2 1.8 +0.1% 29+0.21

6 h FP 53+0.8 6.4+26 1.6+0.1 2103
AZE 1.6+£0.5 3.0£1.2 1.0+ 01 1.0+0.1

Data expressed as fold change (mean + SEM) from untreated cells (control = 1)
AZE, azelastine; FP, fluticasone propionate; NM, nasal mucosa; NP, nasal polyps.
* P<0.05 compared to FP; T P<0.05 compared to AZE; ¥ P<0.01 compared to AZE
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