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The influence of corticosteroids and Azelastine on 
epithelial cell integrity in chronic rhinosinusitis with 
polyps*

Abstract 
Background: The pathogenesis of chronic rhinosinusitis with nasal polyps (CRSwNP) is still not completely understood.  Regar-

ding the pathogenesis an impaired barrier function of the sino-nasal epithelium has been shown in CRS. Intranasal corticosteroids 

are widely used for treatment and part of current guidelines. This study aims to analyse the influence of corticosteroids on the 

epithelial integrity in air-liquid-interface (ALI) epithelial cell cultures of patients with CRSwNP.

Methodology: Polyp tissue from 11 patients with CRSwNP undergoing a sphenoethmoidectomy was collected. The epithelial 

cells were cultured in ALI. After differentiation of the cells, the permeability of the cell layer was defined by measuring the tran-

sepithelial resistance (TER).  Commonly used corticosteroids, (Fluticasone & Mometasone) and Azelastine were added and their 

impact on the TER was documented and compared to the TER of ALI cultures without additives (controls).

Results: After 48 hours, Fluticasone showed a significant increase of the TER. Mometasone and Azelastine had no significant im-

pact on the TER. The paracellular passage of Dextran molecules in ALI cultures showed a negative correlation to the TER. Preope-

rative in vivo corticosteroid treatment had no effect on the baseline TER. Further analysis of the impact of preoperative corticoste-

roid treatment showed no effect on polyp size, sense of smell, histopathologic eosinophilic count and allergic sensitization.

Conclusion: Fluticasone shows a direct effect in restoring sino-nasal epithelial barrier in-vitro, even in the absence of inflamma-

tory cells. 
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Introduction
Chronic rhinosinusitis with nasal polyps (CRSwNP) is a highly 

prevalent (1) condition with remarkable impact on quality of life 
(2,3). Furthermore, there is a massive burden of costs regarding 

the necessary consultations and medical treatment (4-6) of the 

patients as well as absenteeism associated with the disease. 

Recently the Cochrane review of 2016 (7,8) came to the same 

conclusion as already described in the EPOS guidelines (9) – basic 

treatment should include nasal irrigation and the use of intrana-

sal corticosteroids.

Although the treatment guidelines are based on clear evidence, 

the pathogenesis – in particularly the involved factors contri-

buting to it – are just partly understood. We have previously 

shown loss of epithelial integrity in sino-nasal epithelial cells in 

CRS leading to the theory of the impaired epithelial barrier (10). It 

has been hypothesized that there may be genetic background 

or an environmental or infectious triggering event leading to 

a continuous disturbance and barrier dysfunction. A disrupted 

epithelial barrier may allow the penetration of allergens, toxic 

substances or bacteria by a paracellular route. In 2010, Sachse 

et al. provided evidence for penetrating Staphylococcus aureus 

towards the submucosal layer in patients with CRSwNP (11). 
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It has been shown, that in allergic airway diseases (e.g. aller-

gic rhinitis; AR) there is a disturbance of the epithelial barrier 

function as well (12,13). In these patients, glucocorticoids seem 

to influence the barrier function in a positive way (14). It is well 

known so far that glucocorticoids reduce inflammatory proces-

ses at different sites (15). Looking specifically at the in-vitro effect 

of Fluticasone propionate (FP) on epithelial cell ALI cultures in 

AR, it has been shown that there is an improvement in barrier 

function (13).

As mentioned above, in CRSwNP we are aware of a decreased 

barrier function and we have evidence for the treatment with 

intranasal corticosteroids: this evidence is based on symptom 

scores, polyp size and other parameters, but there was no inves-

tigation of the effect of commonly used corticosteroids on the 

epithelial barrier function of cells from CRSwNP patients. 

Hence, we aimed to investigate this influence of common 

topical steroids on human sino-nasal epithelial cells in order to 

provide evidence for an additional way of action. Furthermore, 

there are available topical combinations of corticosteroids with 

antihistamines for which reason Azelastine was selected additio-

nally to investigate its sole potential on the epithelial barrier. 

Materials and Methods
Polyp tissue

Polyp tissue of patients with CRSwNP was obtained in patients 

undergoing a standard endoscopic sinus surgery. Intraopera-

tively, none of the patients received intranasal or intravenous 

corticosteroids or antihistamines. Half of the tissue was sent 

to histopathological analyses while the other half was used for 

cell cultures. All of the patients signed an informed consent for 

participating in this study. Ethical permission was given by the 

ethical committee of the Kanton of Zurich (KEK 2011-0514).

Cell cultures of human sino-nasal epithelial cells

Polyps were cut in pieces and primary human sino-nasal epithe-

lial cells were isolated from the tissue using trypsine (Trypsine-

EDTA 0.5%,15400054, Gibco, Thermo Fisher Scientific, Waltham, 

USA). Trypsine was then neutralized with Trypsin neutralizing 

solution (TNS, CC-5002, Lonza, Walkersville, USA) and the tissue 

was passed through a 70µm mesh (352350, Corning, New York, 

USA). The obtained suspension was centrifuged, and the cell 

pellet was then resuspended in Bronchial epithelial cell growth 

medium (BEGM, CC-3171, Lonza). The suspension was seeded 

to standard T-75-Flasks (90075, TPP, Trasadingen, CH) for further 

culture. Nutrition of the cells was always provided by Bronchial 

epithelial growth medium. Growth factors, cytokines and sup-

plements were added individually (CC-4175, Lonza) without 

adding hydrocortisone to the medium. After growing the cells 

to approximately 80% confluence, they were detached by using 

Trypsin. We used TNS again to neutralize Trypsin, centrifuged 

the cells and resuspended the cell pellet with growth medium: 

The medium was composed of a 1:1 mixed solution of Dulbec-

cos modified Eagle’s medium (DMEM, BE12-741F, Lonza) and 

BEGM. Hydrocortisone and Triiodthyronine were excluded 

from the supplements. All-trans-retinoid acid solution (15ng/

ml; 50nM) was added individually (R2625-50MG, Sigma-Aldrich, 

Missouri, USA). The cells were subsequent transferred to an 

Air-Liquid-interface (ALI) on transwell inserts (CLS3495-24EA, 

Corning, New York, USA). Medium was added in the apical and 

basal chamber of the ALI. ALI were checked daily microscopical-

ly and by measuring TER until differentiation. Growth medium 

was changed every second day in the apical and basal chamber. 

As soon as the cells reached confluence, the apical medium was 

removed. The basal chamber was changed in the same rhythm. 

Differentiation was reached if TER exceeded 200 Ω * cm2. After 

differentiation either 0.1 µmol/L Fluticasone propionate (FP, 

PHR1702-200MG, Sigma-Aldrich), 0.176 µmol/L Mometasone 

furoate (MF, PHR1400-500MG, Sigma-Aldrich) or 0.61 µmol/L 

Azelastine hydrochloride (AZE, PHR1636-1G, Sigma-Aldrich) 

were added in the medium of the basal chamber. The concentra-

tions were calculated from commonly used topical steroids and 

from existing literature. Dimethyl sulfoxide (DMSO) was used for 

solubility of the substance and was therefore used without ad-

ditives as the control group. In the control group DMSO (D2650, 

Sigma-Aldrich) was used in a concentration of 420µmol/L. TER 

was measured in triplicates after 24h, 48h, 72h and 96h. For the 

measurement of TER, we used a Volt-Ohm-Meter (VOM, EVOM2, 

World Precision Instruments, Sarasta, USA).

Paracellular flux was determined by using FITC-Dextran (FITC-

Dextran, FD4-100MG, Sigma-Aldrich). We used a final concen-

tration of FITC-Dextran in ALI growth medium of 2mg/ml. The 

growth medium with FITC-Dextran was added in the apical 

chambers of several ALI. For every sample 200µl were transfer-

red on a 96-well plate suitable for analysis in an ELISA-Reader. 

The first sample was taken after 2 hours and then after day 1, 2, 

3, 4 and 5. At each time the TER was measured before taking the 

samples. Samples were taken from the apical as well as from the 

basal chamber. An ELISA-Reader was used at 485.528nm wave-

length to measure the amount of FITC-Dextran in the samples. 

Statistical analysis

All statistical calculations were done by using GraphPad Prism 

(Version 7.03). Mean ± standard deviation was computed. We 

used the Mann-Whitney-U-Test for calculation of the results of 

the TER. Correlation of Dextran flux was calculated by using the 

Spearman-Coefficient. 

It is important to mention that the results, as shown in the 

figure, are composed in the following way: if there were more 

than one ALI per experiment point of a patient, we calculated 

the mean TER for the calculation. 
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Results
Subjects and patient characteristics

We recruited patients with CRSwNP undergoing a planned 

sphenoethmoidectomy. After written informed consent, we in-

cluded 11 patients in the study. We analysed ALI cell cultures of 

all 11 patients. The patient characteristics are shown in Table 1.

Analysis of the ALI cell cultures

There were 53 ALI, which showed cellular differentiation. FP, MF 

and AZE was used for treatment of the ALI cultures und further 

compared to the control group (DMSO). 

ALIs were divided according to the following protocol: DMSO 

as control group was used in 10 ALIs, FP was used in 16 ALIs, MF 

was used in 15 ALIs and AZE was used in 12 ALIs. The measured 

TER was always compared to the initial value. Figure 1 shows 

the relative TER change compared to the baseline TER, which 

represents 100%. 

FP showed a statistically significant increase of the TER after 48h 

compared to the control group (131.1% ± 53.4%, p = 0.04). Loo-

king at MF we found an improving of the TER after 48h although 

without reaching statistical significance. The results are shown in 

Figure 1. AZE had no impact on the TER. Figure 2 is showing the 

means of the TER of one representative patient as an example. 

An overview of all results per substance is provided in Table 2.

In addition, we investigated the paracellular passing of molecu-

les by using FITC-Dextran and related these results to the TER. 

The paracellular flux of FITC-Dextran molecules was measu-

red daily over 5 days. After measurements of fluorescence at 

485.528nm ALI with not reproduceable intensity of absorption 

were excluded. Hence, for the measurements 8 ALI cultures were 

included. The permeability for Dextran molecules was negati-

vely correlated with the TER (r = -0.76; p = 0.037). The results are 

shown in Figure 3.

Furthermore, we analysed the clinical and histopathological 

presentation in relation to the TER of the individuals. We used 

the baseline TER of the differentiated ALI cell cultures before 

adding the substances. In the comparison of preoperative 

patients, who were using corticosteroid treatments regarding 

epithelial integrity, the group with systemic treatment showed 

a trend toward higher TER (p = 0.19). The preoperative sense of 

smell had no effect on the TER (p = 0.29). At the day of hospital 

admission, the polyp size of the patients had been documented. 

There were no significant differences of the TER between the 

polyp sizes. The eosinophil count of the histopathological result 

of the tissue had been either described as slight or pronounced 

eosinophilia. There were no differences between the different 

histologic groups (p = 0.18). Looking at the allergic sensitization, 

specifically on the IgE level, there was no difference of the TER 

between the group with allergic sensitization and the group 

without (p = 0.56).

Discussion
Our results showed for the first time a statistically significant 

Table 1. Characteristics of the included patients.

Total Patients 11 (100%)

Sex
  Women
  Men

 
5 (45%)
6 (55%)

Age
  Women
  Men

45.6 years (± 13.4)
49.4 years (± 15.9)
42.5 years (± 11.4)

Preoperative corticosteroid treatment
  Systemically
  Topical

7 (64%)
2 (18%)
5 (45%)

Polyp size
  Grade I
  Grade II
  Grade III
  Grade IV

2 (18%)
5 (45%)

1 (9%)
3 (27%)

Allergic sensitization
Yes
  No
  N/a

4 (36%)
5 (45%)
2 (18%)

Smokers 2 (18%)

Figure 1. Each bar represents the effect of the added substance as the 

relative change in TER (%) compare to T0 (baseline before addition of 

component). Whiskers show standard deviation. FP shows a significant 

increase of the TER after 48h (p = 0.04). n=53 ALIs.

Figure 2. Shows the TER [Ω * cm2] at given time points before (T0) and 

after the addition of the substance for one representative patient. n=7 

ALIs. 
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Table 2. Numeric results of the TER regarding the subgroups.

Group mean (±SD) difference (±SD) difference % (±SD) p-value

DMSO (control)

0h 437.5 (217.6) - - -

24h 476.3 (273.4) 49.4 (67.4) 6.5 (13.8) -

48h 381.4 (165.2) -28.6 (69.3) -9.1 (11.8) -

72h 427.8 (244) 33.4 (50.3) -2.8 (16.5) -

96h 460.9 (265.7) 63.9 (73.9) -1.6 (27.6) -

mometasone furoate

0h 409.4 (184.4) - -

24h 468.8 (249.3) 45.2 (72) 9.3 (12.9) 0.955

48h 445.7 (160.7) 36.1 (67.3) 14.3 (21.2) 0.088

72h 445.7 (168.1) 36.1 (73.9) 14.8 (30.1) >0.999

96h 517 (169.5) 104.5 (121.1) 38.9 (54.5) 0.622

fluticasone propionate

0h 392 (208.1) - -

24h 525.9 (283.9) 107.5 (105.3) 26.5 (30.6) 0.234

48h 458.7 (151) 66.5 (121.1) 31.1 (53.4) 0.043

72h 491.7 (181.6) 99.8 (95.2) 35.7 (32.9) 0.142

96h 552.5 (184.4) 145 (121.7) 51.3 (51.5) 0.202

azelastine hydrochloride

0h 400.2 (231.7) - -

24h 463.5 (252.9) 32 (41.4) 8.9 (12.6) >0.999

48h 366.2 (158.4) -34 (114) -0.5 (29.4) 0.945

72h 408.4 (215.9) 8.3 (111.8) 8.3 (36.2) 0.761

96h 490.4 (240.3) 65.3 (134.9) 25.6 (58.2) 0.792

Results of the TER and differences in relation to the measurement at 0h (T0). All absolute values are mentioned in [Ω * cm2]. P-values are calculated by 

using the differences of the TER of a substance related to the difference of the control group at given point in time.

gain of TER – representing the integrity of the epithelial barrier 

- after in vitro treating primary human sino-nasal epithelial cells 

of patients with CRSwNP with FP, a commonly used corticoste-

roid. This shows a substantial impact of FP on the barrier func-

tion of human sino-nasal epithelial cells. MF showed an overall 

trend of improvement, while AZE had no significant impact on 

the TER.

CRSwNP is a highly prevalent disease (1) with widely accepted 

treatment guidelines using intranasal corticosteroids (7,9). Despite 

these guidelines there is still no scientific evidence looking on 

the impact of the corticosteroids on the sino-nasal epithelia – 

especially relating to the integrity of the epithelium.

In the present study, we investigated how commonly used 

intranasal corticosteroids influence the permeability – measured 

by TER - of in vitro sino-nasal epithelial cells. 

Assuming that a disturbance of the epithelial barrier is one 

contributing factor underlying the disease of CRSwNP (10), this 

study is showing a restoration of the integrity of the epithelium 

by corticosteroids even in the absence of inflammatory cells. 

Oral corticosteroid treatment in CRSwNP leads to a significant 

reduction of inflammatory cytokines such as Interferon-γ (IFN-γ), 

Interleukin-4 (IL-4) and IL-5 in neutrophilic as well as in eosinop-

hilic inflammation. But there was no effect on IL-8, IL-17 and the 

neutrophilic count. In patients with neutrophilic inflammation 

there was no reduction of clinical symptoms after treatment. 

Hence, neutrophilic count and neutrophilic inflammatory 

cytokines can be used as predictor for corticosteroid efficacy (16). 

Proinflammatory cytokines, such as IL-5, IL-6, IL-8, granulocyte-

macrophage colony-stimulating factor (GM-CSF) and others 

are relevant for inducing chemotaxis, activity and survival of 

eosinophils in the sino-nasal mucosa. Treating CRS patients with 

prednisolone showed a significant reduction of IL-5, IL-8 and 

GM-CSF in in vitro analysis of fresh tissue of human sino-nasal 

epithelial cells. Unfortunately, there is lack of information about 

which CRS entity had been analysed (17). In 2011 Bleier et al. 

challenged cell cultures of human sino-nasal epithelial cells with 
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Figure 3. Negative correlation of TER and FD4 passage. The FD4 passage 

is expressed as the measured fluorescein intensity. For the measure-

ment, we used 8 ALIs with reproduceable intensity measurements of 

fluorescence absorption. TER is mentioned in [Ω * cm2].

lipopolysaccharides and showed that there is a significant decre-

ase of IL-6 and IL-8 secretion in the presence of dexamethasone. 

Furthermore, they measured the dynamics of the TER of ALI 

cultures, which were exposed to cigarette smoke extract. There 

was a significant decrease after 90 minutes. Unfortunately, there 

were no TER measurements mentioned in relation to dexamet-

hasone treatment (18).

Our ALI cell culture system is fully free of inflammatory cells, as 

only sino-nasal epithelial cells were cultured in the ALI systems. 

Therefore, the observed effects of corticosteroids on epithelial 

integrity must be directly triggered by the drug interaction with 

epithelial cells without having an impact on inflammation and 

immune cells itself. 

Summing up, we see at least a dual role of corticosteroids in the 

treatment of CRSwNP. First, the direct effect on closure of tight 

junctions by Fluticasone, second, the inhibition of inflammation 

and thereby reduction of proinflammatory cytokines including 

IFN-γ and IL-4, which are drivers of barrier deficiency in CRS (10). 

But the effects of steroids on epithelial cytokine release and 

their relevance or relation in TJ dysfunction in absence of inflam-

matory cells remains to be further elucidated. Especially a study 

protocol looking at all the above-mentioned cytokines, the TER, 

immunostaining and mRNA during a treatment with corticoste-

roids is still missing but would be important for further under-

standing of the relations of these parameters in CRSwNP.

However, not all patients with CRSwNP are responders to the 

treatment of intranasal corticosteroids (19,20). Differences in gluco-

corticoid receptors (hGRα and hGRβ) could explain some steroid 

resistance in asthma and potentially also in CRS. Such factors 

could have had an influence on our results as well, since we had 

not investigated, whether patients were clinical responders to 

steroids. Furthermore, selection bias with an accumulation of 

“non-responders” could also influence our results.

The impact of corticosteroids on the cells of the epithelial barrier 

itself has to be understood: In 2012 Sekiyama et al. investigated 

the influence of corticosteroids (Dexamethasone, Budesonide 

and Fluticasone propionate) on the epithelial barrier in bronchi-

al epithelial cells and showed an enhanced expression of tight 

junction (TJ) proteins (zonula occludens-1 (ZO-1), occluding) 

directly at the site of the TJ (14). Furthermore, it has been shown 

that the nuclear erythroid 2-related factor 2 (Nrf2) in human 

bronchial epithelial cells is responsible for the effect of the cor-

ticosteroids leading to the enhanced expression of TJ proteins 
(21). In summary these findings may explain the pathway how 

epithelial cells react with a gain of the TER on corticosteroids 

without involving inflammatory cells in human bronchial cells. 

To further proof this theory, Steelant et al. (13) used the same set-

ting of ALI cell cultures as we did, in investigating the influence 

of FP on cells of patients suffering from allergic rhinitis (AR). The 

results showed an altered occludin and ZO-1 expression with 

a decreased TER in patients with AR. After treating the ALI cell 

cultures with FP, they showed a prevention of the IL-4 induced 

barrier dysfunction: The TER was significantly increased in this 

group. Regarding the study protocol they used hydrocortisone 

in the medium for harvesting the cells. In our study we excluded 

the use of hydrocortisone explicitly to make sure that the effect 

of the added substances is not biased in any way before.

In general, barrier function is dependent of more than the 

above-mentioned parameters: Recent research provided 

evidence for further explanation of barrier disruption: Human 

sino-nasal epithelial cells release IL-33 as a reaction to surroun-

ding pollutants, allergens, etc. IL-33 is stimulating a Th2 driven 

inflammation which leads to further disruption of the barrier 

function (22). Breaking down this information we must constitute 

that there is a self-sustentative process of barrier disruption 

through epithelial cells.

Looking at the inflammatory pathway there are other interesting 

parameters which could influence the integrity of the epithelial 

barrier: Beside IL-33 there are other “alarmins” such as IL-25 and 

thymic stromal lymphopoietin (TSLP). IL-25 is another providing 

factor for Th2 driven inflammation and was shown to be incre-

ased in polyp tissue – as well as IL-33 and TSLP (23,24).

TLSP is an epithelial cell derived cytokine which is likely to have 

an impact on Th2 driven inflammation through dendritic cells as 

wells as T-cells (25). As above mentioned, the Th2 driven inflam-

mation is leading to a disruption of the barrier function and 

is promoted by IL-25, IL-33 and TSLP. Contrariwise there is evi-

dence that the TER is significantly increased through TSLP (26). It 

appears that the important key in the inflammatory process and 

the corresponding barrier function is the individual regulation 

and proportion of these cytokines.

For further evaluation of the impact on the epithelial integrity a 

model analysing the correlation between TSLP production and 
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the TER in relationship to production of IL-25 and IL-33 would 

be interesting and may could be used as target for influencing 

barrier function.

There is evidence that histone deacetylase (HDAC) activity is 

inversely correlating with barrier function in AR. This brings up 

the discussion of epigenetic alterations as parameters of barrier 

function. By blocking HDAC activity it was possible to restore 

barrier integrity on different levels: The TER, immunostaining 

of TJ proteins and measurement of mRNA levels of the proteins 

showed a significant increase. These findings are important to 

understand the multilevel and multiparametric pathogenesis 

of barrier dysfunction as well as the importance of the cell layer 

integrity for a healthy subject (27). Interestingly, HDAC activity 

can be inhibited by sodium butyrate which is an end product 

of the gut microbiome (28). Further research must be done to eva-

luate the therapeutic effect of sodium butyrate on the barrier 

function in CRS.

Current guidelines recommend the use of topical steroids 

mainly on the premise of lowering the inflammatory load. Our 

results suggest that the effects of the drug are beyond these 

mechanisms, potentially even preventing further chronification 

by increasing the barrier function. This fact could further encou-

rage clinicians in the use of these drugs and improve patients’ 

compliance by more detailed explanation of its way of action. 

In our results we could not see an effect of topical or systemic 

steroids use prior to surgery on the in-vitro TER measurements. 

This could be partly due to underpowering, however, it is much 

more likely that the effect is lost during passaging and culturing 

of cells in the absence of proinflammatory cytokines and cells. 

Therefore, the cells seem to return to its native impaired barrier 

function.

In intranasal application of topical corticosteroids or antihistami-

nes the substance is placed apically on the epithelial cells. In the 

ALI model it is of outmost importance to keep the apical cells in 

touch with air: The contact to the air is one underlying stimulus 

for complete differentiation of the cells in the ALI model. There-

fore, we chose to add the substances in the basolateral chamber 

to ensure full differentiation. 

Application in vivo is punctually, and the substances are cleared 

by mucociliary clearance within minutes. In vitro the substan-

ces are in touch with the cells for a longer time. The difference 

between these two models is that in vivo there are inflammatory 

cells which can intensify or decrease the reaction of epithelial 

cells by cytokines. In our model there are no inflammatory cells. 

Thus, a longer contact of the substances is needed. 

The focus of this study lies in investigating the in vitro effect of 

the mentioned substances on the TER. The further analyses of 

the baseline TER regarding different parameters (preoperative 

corticosteroid treatment, preoperative sense of smell, polyp size, 

allergic sensitization) provides additional information. For the 

authors these results must be interpreted with caution due to 

underpowering what is a limitation to answer these questions.

Although our investigation only included 11 subjects, we are 

confident to present relevant and consistent data. Future inves-

tigations in larger groups could prove our findings on a protein 

and mRNA level as well as direct effects of topical steroids in 

vivo, i.e. using trans tissue resistance measurement before and 

after treatment. The sample size of patients is a limitation of 

our study. Particularly, when looking at the effects of polyp 

size, allergic sensitization, sense of smell and eosinophil count. 

Nevertheless, more than 50 ALI cultures could be established, 

which is an adequate count considering the time consuming 

and sophisticated technique.

A further strength of our study is the use of fresh sino-nasal 

epithelial cells. It is important to be aware that the results of 

experiments with sino-nasal epithelial cells are dependent on 

the decision which cells are used: Immortal cell lines (e.g. Calu-3) 

show different immune and epithelial barrier response than 

fresh sino-nasal epithelial tissue (29).

 

Conclusions
In conclusion these results show for the first time an association 

between the use of corticosteroids and the restoration of the 

impaired epithelial barrier in chronic rhinosinusitis with polyps. 
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