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Unravelling the expression of interleukin-9
in chronic rhinosinusitis: A possible role
for Staphylococcus aureus

Tim Delemarre'®, Natalie De Ruyck', Gabriele Holtappels', Claus Bachert">3™

and Elien Gevaert'"

Abstract

Chronic rhinosinusitis with nasal polyps (CRSWNP) is a Th2 biased inflammation, associated with nasal coloniza-
tion of Staphylococcus (S.) aureus. Interleukin (IL)-9 is a pro-inflammatory Th2 cytokine with a pivotal role in asthma,
allergy and chronic obstructive pulmonary disease (COPD), but is less studied in CRSWNP. We aimed to characterize
the expression and cellular source of IL-9 and examined S. aureus as potential local trigger in CRSWNP. We showed
increased numbers of interleukin-9 producing neutrophils and mononuclear cells in the tissue of CRSWNP patients.
This interleukin-9 production was stimulated by S. aureus and its enterotoxin B in vitro. These findings underline the

contribution of S. aureus and define IL-9 as another relevant cytokine in type 2 CRSwWNP.
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To the Editor

Chronic rhinosinusitis with nasal polyps (CRSwNP)
is a chronic Th2 biased inflammation of the sinonasal
mucosa, with patients suffering facial pressure, nasal
obstruction and reduced smell caused by the presence
of nasal polyps and excessive sticky mucus produc-
tion [1]. CRSWNP is associated with nasal colonization
of Staphylococcus (S.) aureus in 67% of the patients [2].
S. aureus can infiltrate the nasal mucosa and modu-
late the CRSwNP pathogenesis via secretion of entero-
toxins (Toxic shock syndrome toxin-1 (TSST-1), S.
aureus enterotoxin A and B (SEA and SEB)), which
causes an excessive stimulation of T-cells through their

*Correspondence: Claus.Bachert@ugent.be

*Claus Bachert and Elien Gevaert shared project supervision

! Department of Head & Skin, Upper Airways Research Laboratory, Faculty
of Medicine, Ghent University, C. Heymanslaan 10, 9000 Ghent, Belgium
Full list of author information is available at the end of the article

B BMC

superantigen function. More specifically, S. aureus con-
tributes to the polarization of type 2 immune responses
in CRSwWNP, characterized by increased levels of Th2
cytokines as interleukin (IL)-4, IL-5 and IL-13 [3]. IL-9
is another pro-inflammatory Th2 cytokine that plays a
pivotal role in multiple chronic airway inflammations as
asthma, chronic obstructive pulmonary disease (COPD)
and allergy, but is less studied in CRSWNP [4]. In asth-
matic animal models and in vitro experiments, IL-9
causes bronchial hyperresponsiveness, lung eosinophilia,
elevated levels of IgE, increased mucin secretion and
subepithelial accumulation of collagen — all major char-
acteristics of the CRSWNP pathogenesis [5-7]. In addi-
tion, concentrations of IL-9 in bronchoalveolar lavage
correlate with clinical parameters of bronchoconstric-
tion in asthmatic patients [6]. Despite the clear effects
of IL-9 on other respiratory diseases, studies on IL-9 in
CRSwNP are rather limited, and cellular sources, triggers
of IL-9 production and possible functions in CRSWNP
are still unidentified. Therefore, we aimed to character-
ize the expression of IL-9 and IL-9R, and made use of S.
aureus as local trigger of IL-9 production in the tissue of
CRSwNP patients. Details of methods and materials used

©The Author(s) 2020. This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material

in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material
is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the
permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativeco
mmons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/
zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://orcid.org/0000-0001-5901-1618
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13601-020-00348-5&domain=pdf

Delemarre et al. Clin Transl Allergy (2020) 10:41

in this study are shown in Additional file 1: Materials and
methods. Patient characterization of the subjects used in
this study is summarized in Additional file 2: Table S1.
Both /L9 and IL9R gene expression were found signifi-
cantly increased in CRSWNP (n=40) compared to con-
trol (n=20) tissues (p<0.05 and p<0.001; Fig. 1 a, b).
As IL-9 protein levels in the tissue were undetectable via
ELISA tests, further confirmation of increased IL-9 in
CRSwNP was provided by quantification of IL-9+ cells
via immunohistochemistry (IHC) staining. Indeed, num-
bers of IL-9% cells were found significantly increased in
CRSWNP (n=13) compared to controls (n=5) (p<0.01;
Fig. 1c). These findings are in line with an earlier study
in Caucasian patients showing the increased pres-
ence of IL-9% cells in CRSWNP, while to the best of our
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knowledge, this is the first report describing increased
IL-9R expression in Caucasian CRSwNP [8]. In addition,
we found significantly elevated numbers of IL-97" cells in
CRSwNP patients with comorbid asthma (n=38), com-
pared to those without comorbid asthma (n=>5) (p <0.05;
Additional file 3: Fig. S1). No association was observed
between local IL-9 production and the patients’ allergy
status (data not shown). Related to these observations,
it was shown that numbers of IL-9-expressing cells are
increased in asthmatic airways compared to healthy con-
trols and in bronchial biopsies of asthmatic patients with
nasal polyps compared to those without nasal polyps [6].

Morphologic analysis of the IHC stainings further
showed that, similar to asthmatic models, the main
producers of IL-9 in CRSwNP were mononuclear
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Fig. 1 IL9-IL9R gene expression and numbers of I-9% cells are increased in CRSWNP compared to controls. a IL9 and b IL9R gene expression were
significantly (resp. p <.05 and p <.0001) increased in tissue of CRSWNP (n =40) compared to controls (n=20). ¢ Significantly (p <.01) increased
numbers of I-97 cells were observed in tissue of CRSWNP (n=13) compared to controls (n =5). Gene expression is expressed as normalized relative
quantity (NRQ). d IL-9 neutrophil (arrow) and IL-9~ neutrophil (arrowhead) located near each other in the same patient. Both IL-9" neutrophils (e,
g, i) and IL-97 neutrophils (f, h, j) were observed in patients with CRSWNP. Levels of statistical significance are expressed as *p < .05, **p <.01, ***p <.001
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cells and neutrophils [4]. Interestingly, only a fraction
(80.14+14.0%) of the neutrophils were IL-9 positive
(Fig. 1d-j), which might indicate that IL-9 production
in neutrophils is subtype, micro-environment or activa-
tion dependent. Besides classic triggering of the T-cell
receptor, CD4(+) T-cells require an additional stimulus
to produce and secrete IL-9 [7]. CRSWNP pathology is
affected by S. aureus and its enterotoxins as described
above, but the effect of S. aureus and SEB on IL-9 produc-
tion is still unknown. We therefore stimulated peripheral
blood derived mononuclear cells (PBMCs) with vehicle
(NS), lipopolysaccharide (LPS), S. epidermidis, S. aureus
and SEB for 24 h and analyzed the IL9 gene expression in
7 independent experiments. Significant increases in IL9
gene expression were observed in PBMCs upon stimu-
lation with S. aureus (p<0.001) and SEB (p<0.01), but
not with S. epidermidis and LPS (Fig. 2). Moreover, the
increase in IL9 gene expression in PBMCs was concentra-
tion dependent for S. aureus (Additional file 4: Fig. S2).
Interestingly, S. aureus is a very specific trigger for IL-9
production as no increase was observed upon stimula-
tion with the same concentration of S. epidermidis. These
observations are in line with earlier findings from our
group showing that S. aureus colonization is associated
with type 2 immune responses and that SEB can induce
the production of several type 2 cytokines as IL-4, IL-5
and IL-13 in CRSwWNP [2, 9]. To confirm our findings,
CRSwNP tissue cubes were stimulated with S. aureus
and SEB, but due to low RNA quality after stimulation,
and the absence of a SEB-compatible ELISA kit, we were
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Fig. 2 S. aureus induced IL9 gene expression in PBMCs. Levels of /L9
gene expression in PBMCs after 24 h stimulation with culture medium
(NS), LPS (1 ug/ml), S. epidermidis (1 0° CFUs/ml), S. aureus (10° CFUs/
ml) and SEB (1 pg/ml) in n=7 independent experiments. /L9 gene
expression in significantly increased upon 24 h stimulation with S.
aureus (p<.001) and SEB (p <.01), but not upon stimulation with
S. epidermidis and LPS. Levels of gene expression are expressed as
fold induction (FI) versus non stimulated conditions, divided by 10°.
Levels of statistical significance are expressed as *p < .05, **p < .01,
%5 <.001 and ****p <.0001
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unable to measure IL-9 production ex vivo. Altogether,
we showed here that the increased levels of IL-9 in
CRSwNP are produced by a fraction of neutrophils and
mononuclear cells and that the IL-9 production in mono-
nuclear cells is stimulated by S. aureus and its enterotoxin
B. The increased levels of IL-9 in CRSwNP could play a
vital role in the chronicity and severity of CRSWNP, but
further research will be necessary to show the exact rel-
evance of IL-9 in CRSWNP. These findings underline the
contribution of S. aureus to the CRSWNP pathogenesis,
and define IL-9 as another relevant cytokine, upregulated
with type 2 cytokines such as IL-4, IL-5, IL-13 and oth-
ers, which deserves further study.

Supplementary information

Supplementary information accompanies this paper at https://doi.
0rg/10.1186/513601-020-00348-5.

Additional file 1. Materials and methods.
Additional file 2: Table S1. Patient characterization.

Additional file 3: Figure S1. Numbers of nasal tissue IL-97 cells associ-
ated with comorbid vs. no asthma. Numbers of IL-97 cells are significantly
increased in CRSWNP patients with comorbid asthma (n=8), compared
to those without asthma (n=5). Patients were considered asthmatic
based on their clinical records or diagnosis by a pneumologist. Levels of
statistical significance are expressed as *p < 0.05, **p < 0.01, ***p < 0.001
and ****p <0.0001.

Additional file 4: Figure S2. Concentration dependency of IL9 gene
expression of PBMCs on S. aureus. Significantly (p <0.05) increased /L9
gene expression when PBMCs were stimulated with 100-fold numbers of
S.aureus (n=7). Levels of statistical significance are expressed as *p < 0.05,
*p<0.01,***p <0.001 and ****p <0.0001.
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Methods:
1. Sample collection

At the Department of Otorhinolaryngology at Ghent University Hospital (Belgium), tissue and
blood samples from CRSwWNP patients (n=53) and healthy patients (inferior turbinate; n=25)
undergoing surgery for anatomical obstruction were collected after receiving written informed
consent for inclusion. Tissue samples were -either snap-frozen or fixated in 4%
paraformaldehyde and embedded in paraffin. For the isolation of mononuclear cells from
peripheral blood (PBMCs), 100 ml blood was obtained from healthy volunteers and processed
within 20 minutes after collection. Clinical data and symptom surveys were collected for all
patients that were enrolled in the study (Table E1). Patients were considered asthmatic based
on their clinical records or diagnosis by a pneumologist, and allergy was defined as present
when the patient had a positive skin prick test for at least one of the allergens commonly tested
in our region. Patients who used oral- or intranasal glucocorticosteroids within 4 weeks before
surgery were excluded from this study. The study was approved by the local Ethics Committee

of Ghent University Hospital (B670201939934).

2. Cytokine measurements

Snap frozen tissues were weighed, homogenized and centrifuged as described before. (Ref. E1)
Tissue levels of IL-5, IL-17 and TNFa were measured using commercially available Luminex
kits from R&D Systems, and IFN-y using a commercially available Quantikine ELISA from
R&D Systems (Minneapolis, Minnesota, USA). Tissue levels of IgE and S. aureus enterotoxin
(SEA, SEC, TSST-1) specific IgE (SE-IgE) and eosinophil cationic protein (ECP) were

measured using the UniCAP method (Thermo Fisher Scientific, Phadia AB, Uppsala, Sweden)



according to the manufacturer’s instructions. Concentrations below detection limit were

considered negative and were given the value half of the detection limit.

3. Immunohistochemistry

Tissues were fixed in 4% paraformaldehyde, embedded in paraffin and slides of 4 um were
prepared. After deparaffination, rehydration and blocking, the slides were incubated with
primary antibody (Polyclonal rabbit anti-human interleukin-9; MBS127547; MyBioScource)
and isotype control. An alkaline phosphatase linked secondary antibody kit (REAL Detection
System, Alkaline Phosphatase/ RED, Rabbit/Mouse; Dako, Agilent Technologies, Diegem,
Belgium) was applied following manufacturer’s instructions. Slides were counterstained with
hematoxylin and mounted with Aquatex™ mounting medium (Merck). Slides were analyzed

as numbers of IL-9* cells/mm? tissue.

4. RT-gPCR

RNA was extracted from stimulated PBMCs (section PBMC stimulations) and snap-frozen
tissue samples of CRSWNP patients (n = 40) and controls (n=20) as described before. (Ref. E2)
In summary, RNA was isolated using the RNeasy Mini Kit (QIAGEN, Antwerp, Belgium),
cDNA was synthesized using the iScript Advanced cDNA Synthesis Kit for RT-gPCR (Bio-
Rad, Temse, Belgium). Quantitative real-time PCR was used to quantify mRNA levels of IL9
and IL9R. The primers were commercially purchased from Bio-Rad. The expression of 2
reference genes, elongation factor 1 (EF-1) and succinate dehydrogenase complex flavoprotein
subunit A (SDHA), was used to normalize for transcription and amplification variations among

samples after a validation with geNorm (Biogazelle, Zwijnaarde, Belgium). The normalized



relative quantities (CNRQs) were calculated with the gBaset+ software (Biogazelle,

Zwijnaarde, Belgium).

5. PBMC stimulations

Peripheral blood mononuclear cells (PBMCs) were isolated from whole blood from healthy
volunteers via Ficoll-Paque gradient centrifugation. 108 PBMCs were stimulated for 24h with
S. aureus (10° CFUs), S. epidermidis (10° CFUs), SEB (1 pg/ml), LPS (1 pg/ml) or vehicle in
RPMI (Life Technologies) supplemented with 100 U/mL penicillin and 100 mg/mL
streptomycin (Life Technologies) and 0.1% BSA (Sigma-Aldrich, Overijse, Belgium). After
24h, PBMCs were washed twice and subsequently lysed with RTL buffer of RNeasy Mini Kit

(QIAGEN) prior to RNA extraction.
6. Statistical analysis

Statistical analysis was performed with the Prism Graphpad version 8 software program. A
Mann-Whitney U test was used to evaluate statistical differences between two groups. A
Kruskal-Wallis test, followed by a multiple comparison test was used to evaluate statistical
differences between multiple groups. Data was presented in dot-plots for a better representation
of interindividual variation. P-values less than or equal to 0.05 were considered as statistically
significant. Levels of significance were expressed as *p < 0.05, **p < 0.01, ***p < 0.001 and

****p < .0001.
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epithelial barrier defects in patients with severe airway inflammation. Journal of Allergy
and Clinical Immunology. 2017;139(6):1849-60.e6.



Controls CRSwWNP
Total cases (#) 25 53
Gender F/M 6/19 18/35
Age Median (range) 34 (20 - 68) 45 (18 - 81)
Ethnicity Caucasian Caucasian
Allergy (+/-) 12/12 34/19
missing cases (#) 1 -
Asthma (+/-) 4/21 29/24
missing cases (#) - -
Tissue concentrations
(Mean = SD)
IgE U/g 66.56 + 76.81 932.26 £ 1329.99
SE-IgE UA/g 1.07+2.72 4.16+5.43
IL-5 pg/g 4.84+10.21 537.32 £ 680.13
ECP ue/g 0.46 + 0.67 41.29 + 123.88
IL-17 pg/e 52.27 £+ 81.37 42.59 + 89.58
TNF-a pg/g 7.99 +15.51 22.99 + 23.88
IFN-y pg/g 21.45 + 0.00 54.37 + 86.67
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