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Abstract

Abstract Objective: To explore the role of acquired CFTR dysfunction and inflammatory chemokines in the development of
rhinosinusitis in children. Design and setting T'wenty-five children who underwent endoscopic sinus surgery for acute and chronic
rhinosinusitis in the Department of Otolaryngology Head and Neck Surgery at our hospital from January 2021 to December 2021
were included. Whole blood, mucosa and polyp tissues of all children were collected for study. Main outcome measures: The
CFTR gene was detected by using Full-length second-generation sequencing. The expression of CFTR mRNA was measured
by qRT-PCR, and the expression of inflammatory chemokines was measured by CBA. Results: There were 17 cases in the CRS
group and 8 cases in the ABRS group. The expression of CFTR mRNA in the mucosa of the ABRS group was lower than that
of the CRS group, and the expression of IL-6 and IL-8 in the mucosa of the ABRS group was significantly higher than that of
the CRS group. IL-6, IL-8 and MCP-1 were upregulated in polyps. Conclusion: The dysfunction of acquired CFTR and the
role of neutrophil chemotactic factor are more obvious in ABRS, and may play a role in the occurrence and development of
CRS polyps.
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Abstract
Objective:

To explore the role of acquired CFTR dysfunction and inflammatory chemokines in the development of
rhinosinusitis in children.

Design and setting

Twenty-five children who underwent endoscopic sinus surgery for acute and chronic rhinosinusitis in the
Department of Otolaryngology Head and Neck Surgery at our hospital from January 2021 to December 2021
were included. Whole blood, mucosa and polyp tissues of all children were collected for study.

Main outcome measures:

The CFTR gene was detected by using Full-length second-generation sequencing. The expression of CFTR
mRNA was measured by qRT-PCR, and the expression of inflammatory chemokines was measured by CBA.

Results:

There were 17 cases in the CRS group and 8 cases in the ABRS group. The expression of CFTR mRNA
in the mucosa of the ABRS group was lower than that of the CRS group, and the expression of IL-6 and



IL-8 in the mucosa of the ABRS group was significantly higher than that of the CRS group. IL-6, IL-8 and
MCP-1 were upregulated in polyps.

Conclusion:

The dysfunction of acquired CFTR and the role of neutrophil chemotactic factor are more obvious in ABRS,
and may play a role in the occurrence and development of CRS polyps.

Key words: CFTR, Rhinosinusitis, Inflammatory Cytokine, Children, Infection

Key points:

1 Neutrophil aggregation is associated with acquired CFTR.

2 The expression of CFTR mRNA in the mucosa of the ABRS group was lower than that of the CRS group.
3 IL-6 and IL-8 in the mucosa of the ABRS group was significantly higher than that of the CRS.

4 IL-6, IL-8 and MCP-1 were upregulated in polyps.

5 CFTR dysfunction and neutrophil chemokines IL-6 and IL-8 play more important roles in ABRS than in
chronic inflammation of nasal mucosa.

Introduction

Rhinosinusitis is an inflammation of the nasal mucosa, which can be divided into Acute rhinosinusitis (ARS)
and Chronic rhinosinusitis (CRS) according to the length of medical history '. At present, it is considered
that viral infection is one of the most important causes of acute rhinosinusitis. The nasal mucosa epithelium
is the first line of defense of the respiratory tract and is also the main entrance and initial reaction site of
respiratory virus invasion?. The viruses that cause acute rhinosinusitis in children are mainly respiratory
viruses, such as Rhinovirus ,Respiratory Syncytial Virus and Influenza Virus 3. Viruses enter cells through
receptor-mediated endocytosis, and then express and replicate the viral genome within hours of infection,
causing damage to the nasal mucosa epithelium® . Children’s immune systems are not yet mature and
are therefore more susceptible to pathogens that can induce ARS. Acute Bacterial sinusitis (ABRS) is a
complication of viral upper respiratory tract infection. Mucosal injury and mucociliary dysfunction caused
by viral infection may be the main causes of secondary bacterial infection in the nasal mucosa. In sinusitis, the
most common bacteria are Streptococcus pneumoniae , Haemophilus influenzae , and Morazella catarrhalis
6. Recurrent ARS or prolonged ABRS can lead to CRS. In China, the prevalence of CRS is approximately
2.1% in children'. CRS significantly affects the child’s quality of life.

CFTR is a glycoprotein expressed at the tip of mucosal epithelial cells. It is an important Cl channel protein
in the mucosal epithelium which composed of 1480 amino acids. The airway epithelial surface is covered with
a thin layer of airway surface liquid (ASL)7. The volume and viscosity of ASL are mainly regulated by CFTR.
The dysfunction of CFTR will lead to the decrease of Cl'and HCO3" to the extracellular transport, and the
excessive absorption of Nat and HyO into the cell. Thus, ASL is dehydrated, resulting in the decrease of
Mucociliary Clearance (MCC)8. Increased mucus viscosity on the airway surface makes the mucosal surface
more susceptible to bacterial colonization and induces or exacerbates chronic infection®. However, CFTR
dysfunction can be either primary or acquired. Cystic fibrosis (CF) is an autosomal recessive genetic disease
caused by CFTR mutation, which is the cause of primary CFTR dysfunction. Therefore, the role of CFTR
protein in airway mucosa has been widely discussed. In this study, we investigate the role of acquired CFTR
dysfunction in acute and chronic rhinosinusitis in children.

Method
2.1 Patient and sample grouping

Twenty-five children diagnosed with rhinosinusitis and requiring endoscopic sinus surgery were included in
this study from January 2021 to December 2021 in the Department of Otolaryngology Head and Neck Surgery
at our hospital. According to EPOS 2020, 8 patients were diagnosed with ABRS with orbital complications,



and 17 were diagnosed with Chronic Rhinosinusitis with Nasal Polyps (CRSwNP). None of the patients had
CF, congenital disease, or paranasal sinus masses. The children with ABRS were treated with anti-infection
and comprehensive therapy before operation, but their symptoms did not improve significantly. The CRS
patients received regular drug treatment in the outpatient department for 3 months, but their symptoms
did not improve significantly. All the children were admitted to hospital for endoscopic sinus surgery and
nasal secretions were collected for bacterial culture during surgery, and whole blood, nasal mucosa and polyp
samples were collected for follow-up experiments. Whole blood samples were collected from parents of some
children. All patients’ guardians denied that they had CF-related diseases or had relatives diagnosed as CF
in their families.

2.2 Whole exome sequencing (WES), parental generation verification and rearrangement dele-
tion detection

200ul of whole blood samples were taken from all subjects for second-generation sequencing of all exons
and flanking sequences of CFTR , and DNA was extracted from all samples using QIAGEN DNA Blood
Midi/Mini kit (Qiagen GmbH, Hilden, Germany).

200ul was taken from the whole blood samples of the parents of some subjects for the first-generation
verification of CFTR . A blood / tissue / cell genome extraction kit (Tiangen biochemical Technology Co.,
Ltd., DP304-03) was used to extract genomic DNA.

2.3 Quantitative real-time PCR

The expression of CFTR mRNA was measured by qRT-PCR in all polyps and mucosa.
Fluorescent quantitative PCR was performed using a non-specific fluorescent staining method
(SYBR Green I) using Lamboride Tag SYBR Green Qpcr Remix (R0202). The primer se-
quence was CFTR:“F:AGCTGTCAAGCCGTGTTCTAGATA; R: ATGAGGAGTGCCACTTGCAAA” B-
actin: “F:TTCTACAATGAGCTGCGTGTG;R: AGAGGCGTACAGGGATAGCA”.

2.4 Cytometric Bead Array

CBA was used to detect chemokine content in all polyps and mucosal specimens. The selected markers
included neutrophil chemokines: IL-6, IL-8, IFN-y, MCP-1; chemotactic factor for eosinophil: IL-4, IL-5,
IL-13, RANTES, GMCSF and IgE. Testing was performed using the BD kit.

2.5 Statistics

SPSS 26.0 software was used to analyze all data. The significance of differences between the count data groups
was analyzed using y2 test or Fisher’s exact test. Continuous variables were tested for normal distribution
using the Shapiro-Wilk test, and the results were expressed as mean + SD. An independent sample T test
(two-tailed) or nonparametric Mann-Whitney U test was used for comparison between the two groups, and
all results with P<0.05 were considered significant differences. GraphPad Prism version 9.0.0 was used for
drawing.

Results
3.1 Clinical characteristics of patients

In this study, there were 17 patients in the CRS group and 8 patients in the ABRS group. The clinical
characteristics of the patients are shown in Table 1. The Lund-Kennedy and Lund-Mackay score was signi-

ficantly higher in the CRS group. The most common species in nasal secretions wasStaphylococcus in both
the CRS and ABRS group.

3.2 CFTR mutation carrying status

CFTR mutation was not detected in 7 subjects, and 14 CFTRmutations were detected in the remaining
18 subjects. The relationship between the detected mutations and disease was evaluated according to the
general criteria of United States College of Medical Genetics and Genomics (ACMG). We found that one



sites was Likely Pathogenic, five were a Variant of Uncertain Significance (VUS), and the rest were graded as
Benign. These sites were searched in ClinVar database, and no CF pathogenic sites were found. The China
population database provided by Beijing Mygenostics co., Ltd. (included 46648 Han people in the Chinese
mainland area) was selected to query the carrying rate of these mutations. The MAF of 6 sites was>0.05,
which was the SNPs in the population (Table S1). The whole blood of the parents of the 7 patients with
non-SNPs was collected for first-generation verification, and it was found that these mutations came from
one parent (Table S2). The patients with no CFTR mutation or only one mutation were tested for Multiplex
Ligation-dependent Probe Amplification (MLPA), and the results were negative. In combination with past
medical history, family history, sweat chloride level test (SCLs, all lower than 60 mmol/L) and preoperative
chest X-ray, it can be determined that all the enrolled children in this study were excluded from the diagnosis
of CF.

3.3 Expression of CFTR mRNA

There was no statistical difference in the expression of CFTR mRNA in mucosa between the CRS group and
the ABRS group, but it could be seen that the expression of CFTR mRNA was lower in ABRS compared
with CRS (Table 2, Figure 1A).

The expression of CFTR mRNA was significantly lower in the polyps than in the mucosa (P<0.05) (Table
2, Fig. 1B).

3.4 Expression of inflammatory chemokines

Comparing the expression of inflammatory chemokines in the mucosa of the CRS group and the ABRS group,
the neutrophil related chemokines IL-6 and IL-8 were significantly increased in the ABRS group (P<0.05),
but there was no statistical difference in eosinophil related chemokines between the two groups (Table 3,
Fig. 2). Comparison of chemokine expression in mucosa and polyps on the affected side of CRS showed that
the neutrophil-associated chemokines IL-6, IL-8 and MCP-1 were significantly increased in polyps (Table 3,
Fig. 3).

In all the samples, the contents of IL-5 and GM-CSF were lower than the detection limit (10pg/ml). Consi-
dering the low content of them in tissues, no valid data could be displayed.

Discussion

ABRS is a common condition and it is difficult to estimate its exact incidence. About 0.5-2% of children
with ARS develop secondary bacterial infections that lead to ABRS, but most of them can be cured by
anti-infective treatment ' 0. Studies have found that when people are stimulated by rhinovirus, local in-
flammatory reaction will be caused, IL-6 and IL-8 in nasal lavage fluid will increase'!. RV-1B infection can
promote the endocytosis of Staphylococcus aureus by lung cells cultured with semi-permeable membranes,
and induce the release of IL-6 and IL-8 and the overexpression of ICAM-1'2. In our study, the results of
bacterial culture of nasal sinus secretion showed that the most common bacteria were Staphylococcus (12
cases), followed by Streptococcus (5 cases), and the rest were multiple infections.

In order to rule out the presence of primary CFTR dysfunction caused by potential CF patients in the
CRS group, SCLs and WES were performed, and parental generation verification was performed in patients
with non-SNPs. CF diagnosis was ruled out after analyzing the results. In other words, children with these
mutations do not normally affect the amount or function of CFTR protein in the body. However, in the case
of exposure to allergens or invasion of microorganisms such as viruses, the anti-strike ability and recovery
ability of CFTR may be weakened!3.

Acquired CFTR dysfunction is mostly associated with epithelial mucosal injury caused by acute and chronic
infection, inflammation, hypoxia and environmental pollution®. Virus invasion causes nasal mucosal epithelial
injury, and stimulates the immune response and repair mechanism to prevent the virus from causing persistent
airway injury'*. However, when the immunity of the body is not enough to clear the virus or the viral load



is too high and the virulence is too strong, the CFTR function of mucosal epithelium cannot be restored in
time, and the mucus fluidity under the airway mucosa is reduced, which leads to acute and chronic infection.

The immune response of the nasal mucosal epithelium is not limited to release of antimicrobial surfactants
and mucus to delay the spread of pathogens in the airway, but it also expresses and secretes various cytokines
and chemokines to drive the immune response against invading pathogens in the airway'?. In an in vitro
study, infection of human primary nasal epithelial cells with H3N7 resulted in an exponential increase in
IFN o, IL 28A, and IL 29. The chemokines and the inflammatory markers such as CXCL11, RANTES,
IL-1, IL-6, IL-8, are rapidly produced and released 4. In this study, the expression of CFTR mRNA in the
ABRS group was lower than that in the CRS group, and the 11.-6 and I1.-8 associated with neutrophils were
significantly increased in the ABRS group. When activated in an inflammatory response, neutrophils can
kill pathogens directly by phagocytosis or degranulation and indirectly by releasing TNF-o, IL-1, IL-8, IL-6,
IFN-y 1 15 These factors stimulate the production of downstream factors and recruit more neutrophils
or other leukocytes to the site of infection or inflammation, exerting anti-inflammatory effects 1% 17, In
combination with the results of this study, we speculate that the extremely low CFTR mRNA caused
by acute inflammation of nasal mucosa makes CFTR function seriously impaired, which not only easily
aggravates the proliferation of pathogens such as bacteria, but also plays a certain role in the chemotaxis of
neutrophil.

The etiology of nasal polyps is complex, which is a chronic inflammatory lesion of nasal mucosa. Eosinophils,
macrophages and dendritic cells can participate in the activation, release, induction and regulation of a
variety of cytokines to mediate inflammatory processes. Tissue remodeling caused by chronic inflammation
and immune response eventually leads to nasal polyps 8. In the CRS group, we compared the expression
of CFTR mRNA and inflammatory chemokines in the ipsilateral mucosa and polyps of the same patient. It
was found that the expression of CFTR mRNA in polyps was significantly lower than in mucosa. Thi et
al. showed the expression of CFTR in nasal polyps was significantly lower than that in nasal mucosa, which
was also supported by our results!®. The formation of nasal polyps, epithelial barrier damage and rupture
is an important feature, and colonized bacteria and other pathogens, such as Staphylococcus aureus, etc.,
aggravate the epithelial barrier damage??. Moreover, the hypoxic environment of the sinuses in CRS patients
may also cause locally acquired CFTR. dysfunction when polyps block the nasal or sinus drainage pathways,
and may initiate a cascade of persistent fluid and electrolyte abnormalities in the sinuses®. Some findings
suggest that local persistent hypoxia may lead to acquired CFTR dysfunction in nasal mucosa, resulting in
mucociliary dysfunction in CRS?! 22,

In recent years, more and more data show that the endotype of CRS in different races is not the same.
CRSwNP is mainly eosinophilic inflammation in western countries. However, CRS is characterized by
non-eosinophilic inflammation in Asia?® 24, In this study, we also observed that the neutrophil-mediated
chemokines IL-6, IL-8 and MCP-1 were significantly increased in polyps, while the expression of eosinophil-
associated chemokines was not significantly different between mucosa and polyps. Some studies found that
IL-6 was elevated in CRS polyps and GRO, IL-8 were positively correlated with IL-6, suggesting that IL-6
may enhance neutrophil recruitment to the site of infection?®. Therefore, we hypothesized that chronic in-
flammation of the nasal mucosa and pathogen infection not only cause CFTR dysfunction, but also cause
neutrophil chemotaxis. And because of local mucosal hyperplasia or swelling, resulting in local hypoxia
microenvironment, which further lead to CFTR dysfunction: The intracellular H20 could not be discharged
out of the cell along with CI", which participated in the formation of nasal polyps.

This study is a single-center study, so the sample size is limited. Due to the limitation of sample collection,
local mucosa and polyps may not represent the inflammation status of all mucosa. Besides, baseline data on
CFTR expression in the nasal mucosa of children are lacking due to the unavailability of nasal mucosa tissue
from healthy children. However, we still observed differences in CFTR expression in different inflammatory
states of nasal mucosa. In this study, the detection results of eosinophil chemokines IL-5 and CSF were
below the lower limit of detection. Considering their low amount of content in the sample, the data were
unreliable, so they could not be included in the analysis and discussion. Future studies with larger sample



sizes and more sensitive reagents and assays will be considered to explore the role of neutrophil chemotactic
factor and eosinophil chemotactic factor in rhinosinusitis.

Conclusion

Acquired CFTR dysfunction and neutrophil chemokine play a role in the development of acute and chronic
rhinosinusitis in children. CFTR dysfunction and neutrophil chemokines I1.-6 and IL-8 play more important
roles in ABRS than in chronic inflammation of nasal mucosa and may play a role in the occurrence and
development of nasal polyps.
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