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The presence of Interleukin-13 in nasal lavage may be a 
predictor of nasal polyposis in pediatric patients with cystic 
fibrosis*

Background: Sinonasal disease is a common feature of cystic fibrosis (CF) and can cause significant morbidity in these patients. 

Our objective was to determine if CF individuals with concomitant nasal polyposis (NP) express a unique profile of inflammation 

and if so, whether these inflammatory cytokine mediators have predictive value in identifying these individuals for prompt ma-

nagement by an Otolaryngologist. 

Methodology: Nasal lavage samples and clinical outcomes of disease severity were obtained from thirty-eight pediatric CF 

individuals. Participants were subdivided based on the presence or absence of NP. Nasal lavage samples were analyzed on a panel 

of seventeen cytokine targets using a Bio-Plex Luminex assay. A Perl Permutation test with correction for multiple hypotheses was 

performed to identify uniquely expressed cytokines between CF individuals with NP (CFwNP) and those without (CFsNP). 

Results: Thirty-five patients were included in the analysis. Cytokines IL-13 and GM-CSF were uniquely expressed in the CFwNP 

group when compared to the CFsNP group. Logistic regression analysis demonstrated a significant association of IL-13 with NP.

Conclusion: In children diagnosed with CF, the level of IL-13 in nasal lavage samples could potentially serve as a non-invasive 

clinical tool in predicting NP in this population, and a target for future immunotherapy.
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Introduction
Great strides have been made in the treatment of cystic fibrosis 

(CF) over the last several decades, affording CF individuals 

profound improvements in quality of life and life expectancy(1). 

Unfortunately, advancement in the management of lower 

respiratory tract disease and the systemic manifestations of CF 

may be compromised by the unchecked progression of conco-

mitant sinonasal disease in these individuals. More than 90% 

of CF individuals demonstrate radiological evidence of sinus 

disease(2) and approximately 50% also suffer from concomitant 

nasal polyposis(3). Nasal polyposis may develop as early as the 

preschool period(4), unfortunately, CF individuals with nasal 

polyposis (CFwNP) may not seek out specialist care until their 

sinonasal symptoms reach severe proportions. Nasal polyposis 

is traditionally classified as either eosinophilic TH2-mediated 

inflammation or neutrophilic TH1-mediated inflammation, the 

latter form associated with CF (3). The cystic fibrosis transmem-

brane receptor (CFTR) gene mutation associated with CF results 

in defective ion transportation in mucosal glands of both the 

upper and lower respiratory tract. The production of more 

viscous secretions impairs sinonasal mucociliary clearance, 

creating an environment conducive to chronic infection and 

severe neutrophil-dominated chronic inflammation (4). However, 

the specific pathogenesis of nasal polyposis in CF and why it oc-

curs in only a subset of patients is poorly understood. Previous 

investigations have identified cytokines IL-6, IL-8, IL-10, and IL-1β 

as being present in the nasal lavage of CF individuals (5). Identi-

fication and quantification of these cytokines were found to be 
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sensitive in discriminating between periods of exacerbation and 

clinical stability in CF (5).

CF patients are commonly managed by Respirologists and only 

referred to an Otolaryngologist if there is evidence of frank 

nasal polyposis or if the patient has complained of symptoms 

consistent with sinonasal disease. Despite the high prevalence 

of CFwNP, it may not be practicable or feasible for Otolaryngo-

logists to see all CF patients in a timely manner. Therefore, af-

fected individuals and their healthcare teams may benefit from 

predictive markers of nasal polyposis to assist in more urgent 

referral of CF patients with a higher likelihood of having severe 

sinonasal disease. Thamboo et al illustrated that a score greater 

than 11 on the Sinonasal Outcome Test-22 (SNOT-22) is predic-

tive of nasal polyposis in children with CF (6). Despite the facility 

of the SNOT-22, a medical assistant or engaged parent is often 

needed to assist pediatric patients with answering questions.

Nasal saline lavages are frequently performed for therapeutic 

purposes in children suffering from CF. Rinsing the nasal and 

sinus cavities with saline solution can assist mucus clearance, 

potentially reducing symptoms associated with the increased 

mucus viscosity and the chronic inflammation. We sought to 

determine whether inflammatory mediator proteins present 

in nasal lavage samples of pediatric CF individuals could be 

predictive of the presence of nasal polyposis. We hypothesized 

that the cytokine profile of nasal lavage fluid may be predictive 

of the presence or absence of nasal polyposis, and if a consistent 

profile could be identified, it may have utility in developing a 

“litmus test” to help identify CFwNP in a clinical setting. Additi-

onally, future immunotherapeutic options may be possible by 

targeting specific inflammatory cytokines or pathways that are 

altered in CFwNP.

Materials and methods
This cross-sectional study was conducted under the auspices 

of the University of British Columbia Children's and Women's 

Research Ethics Board (H10-03132). The following criteria were 

used to enroll and exclude patients from the study: patients 

with a confirmed diagnosis of CF based on genetic testing; 

between the ages of 6 and 18; not actively being managed 

by the Pediatric Otolaryngology Department; and willing to 

provide a nasal lavage sample for cytokine analysis. All baseline 

characteristics and several clinical data points were obtained 

in the same patient population from our previous study (6). The 

presence or absence of NP was determined by an Otolaryngolo-

gist with a 2.4-mm flexible endoscope. The associated SNOT-22 

scores and nasal bacterial colonization data from our original 

study of this population was also included (6).

Nasal lavage

Nasal lavage has been validated as a viable method of collecting 

biological samples suitable for cytokine analysis in lieu of col-

lecting sinus tissue (7). A 12-French Foley catheter was gently 

inserted into one nasal cavity. If patients had unilateral NP, the 

distal end of the catheter was placed on the side of the polyps. 

The catheter balloon was then inflated so that the catheter sat 

comfortably within the internal nasal valve and the balloon 

formed a seal external to the nostril. Participants were instruc-

ted to place their chin to their chest, with their head in a flexed 

position. With the contralateral nostril pinched and holding their 

breath, 10cc of sterile normal saline was pumped via a syringe 

through the catheter back and forth three times. The lavage 

was then collected through the catheter with the syringe. The 

samples were immediately placed on ice and transferred to the 

laboratory to be centrifuged.  The supernatant was collected and 

stored at -70oC to be analyzed as a batch of samples. Samples 

were analyzed for cytokine levels as per manufacturers protocol 

using the Human Cytokine 17-Plex Antibody Bead Kit (Bio-Rad 

Laboratories, CA, USA).

Cytokine analysis

The prevalence of 17 cytokines and total protein were quantified 

for each sample with a Luminex and cytokine multiplex assay 

(Bio-Rad Laboratories) platform. Nasal lavage samples were as-

sayed in duplicate as described in similar studies (8). The cytokine 

assay included a panel of probes specific to: Human IL-1b, IL-2, 

IL-4, IL-5, IL-6, IL-7, IL-8, IL-10, IL-12, IL-13, IL-17, G-CSF, GM-CSF, 

IFN-g, MCP-1, MIP-1b, and TNF-a. Total protein was calculated 

for each sample using a standard BCA Assay (Fischer Scientific 

Inc.). For comparison across groups and across patients, cytokine 

levels were normalized to total protein as described in similar 

studies (9). Cytokine expression was reviewed to determine if it 

was consistent with findings reported in the literature.

Statistical analysis

The predictive value for the presence of NP was calculated 

using the cytokine data obtained from Luminex analysis of 

nasal lavage samples collected in clinic. Cytokine biomarker 

candidates were identified using the Perl Permutation Test 
(10), a non-parametric test of the means between two different 

populations. The Perl Permutation Test is optimally suited to the 

task of identifying unique genes and protein products because it 

does not make assumptions about the normality of the underly-

ing distribution. The number of samples required for the test to 

achieve adequate statistical power is relatively low (compared to 

t-test and chi-squared test) and each additional sample incre-

ases the power of the test exponentially. For each cytokine a per-

mutation score is produced which denotes how likely the actual 

observed difference between study groups occurs by chance. In 

the context of this study, the larger the permutation score the 

more significant the observed difference between CFwNP and 

CF without nasal polyposis (CFsNP) individuals. The converse is 

that cytokines with a permutation score near zero would serve 
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in eight CFwNP subjects (all with Staphyloccus aureus) and eight 

CFsNP subjects (7 with Staphylococcus aureus, 1 with Pseudomo-

nas aeruginosa).

Expression of IL-13 and GM-CSF were distinguishing molecu-

lar features between CFwNP and CFsNP (Table 1). IL-13 was 

expressed significantly higher in patients with nasal polyposis 

(p<0.001, permutation score: 6.15). The cytokine GM-CSF was 

expressed significantly higher in patients without nasal polypo-

sis (p<0.001, permutation score: 5.52). Non-parametric unpaired 

Mann-Whitney test of IL-13 expression between CFwNP and 

CFsNP cohorts was not significant (p=0.23). However, the mean 

normalized expression of IL-13 in CFwNP cases (2.92E-4 ± 

2.14E-4) was approximately 40% higher than those with CFsNP 

(2.09E-4 ± 1.97E-4). 

In accordance with our previous work showing correlation of 

SNOT-22 score with the presence of nasal polyposis(6), IL-13 was 

similarly up-regulated in patients with a severe SNOT-22 score. 

The non-parametric PERL permutation test demonstrated that 

IL-13 was significantly higher in individuals with SNOT-22 score 

greater than 11 (permutation score=5.97; p<0.001). 

The cytokines IL-4, MIP-1b, IL-6 and IL-8 were expressed in 

similar proportions across CFwNP and CFsNP subjects (Table 1). 

Among these, IL-4 was found to have a permutation score near 

zero (Table 1), indicating that there was a negligible difference 

in expression of IL-4 between CFwNP and CFsNP groups. This 

quality identified IL-4 as an ideal reference cytokine for com-

paring IL-13 and GM-CSF expression among a mixed cohort of 

CFwNP and CFsNP individuals.

ROC analysis (Figure 1A and 1B) identified a cut-off of 8.79E-5 in 

as ideal reference cytokines for follow-up validation studies. 

Correcting for multiple hypotheses, a p-value of x<0.001 was 

considered significant. Cytokines identified by the permutation 

test were further evaluated with a non-parametric, unpaired 

t-test (Mann-Whitney test) of the means in each disease group 

(GraphPad Prism v6.0, GraphPad Software, CA, USA). An alpha 

value of 0.05 was used to determine significance.

Cytokine prevalence was dichotomized by establishing a 

receiver-operating characteristic (ROC) curve for the presence or 

absence of nasal polyposis (STATA version 12.1, StataCorp, Col-

lege Station, TX, USA). Univariate logistic regression analysis was 

used to determine the association between nasal polyposis and 

each clinical variable, with variables considered for multivariate 

analysis if the p-value <0.20. Using a forward step-wise regres-

sion technique, potential predictors were included in the logistic 

regression model. An alpha value of 0.05 was used to determine 

significance. Results were reported as Odds Ratios (OR) with as-

sociated 95% Confidence intervals.

Results 
Thirty-eight patients consented to provide nasal lavage sam-

ples, of which thirty-five samples were viable (n=35). Non-viable 

samples were those resulting in little or no protein content upon 

analysis. The average age of recruited patients was 11.7 years 

old (SD 3.2).  The incidence of NP in this cohort of pediatric CF 

subjects was 51% (n=18), which is consistent with the range re-

ported in the literature. Six of these subjects had overt (Grade III) 

nasal polyps (11). Among CFwNP individuals, a minority reported 

sinus symptoms upon query: facial pain (n=1), nasal obstruction 

(n=8), and reduced sense of smell (n=3). Six CFwNP subjects re-

ported one of these symptoms in isolation. Ten CFwNP subjects 

reported no symptoms of facial pain, nasal obstruction, or hy-

posmia. Nasal swab culture demonstrated bacterial colonization 

Table 1. Non-parametric permutation analysis to distinguish cytokines 

expressed uniquely between CFwNP and CFsNP cohorts.

Cytokine Permutation 
Score

SD p-value

IL-13 6.15 6.77E-05 <0.001

GM-CSF 5.52 5.90E-04 <0.001

IL-4 0.07 5.77E-05 0.47

IL-5 0.49 2.29E-05 0.41

IL-6 0.33 7.75E-4 0.42

IL-8 0.88 1.71E-2 0.29

MCP-1 0.39 6.32E-4 0.42

TNF-a 0.79 9.43E-05 0.30

Abbreviations: CFwNP=Cystic Fibrosis with Nasal Polyposis; 

CFsNP=Cystic Fibrosis without Nasal Polyposis

Table 2. Univariate association of clinical and cytokine variables with 

nasal polyposis (NP).

Variable NP

No Yes p-value

Patients 17.0 18.0

Female 7.0 (41) 6.0 (33) 0.631

Age, Mean ± SD 11.6 ± 3.3 12.0 ± 3.1 0.749

SNOT-22 Score, Med 
(IQR)

7.0 (2 - 11) 14.0 (11 - 24) 0.002

SNOT-22 Score > 11 4.0 (23) 13.0 (72) 0.007

IL-13, Med (IQR)
2.3E-4 

(0 – 3.8E-4)
3.0E-4 

(1.5E-4 - 4.3E-4)
0.144

IL-13 > 8.79E-5 9.0 (53) 16.0 (90) 0.027

GM-CSF, Med (IQR)
5.1E-3 

(4.2E-3 - 6.6E-3)
5.5E-3 

(4.7E-3 - 6.9E-3)
0.575

GM-CSF > 5.14E-3 7.0 (41) 12.0 (67) 0.130

n (%) unless otherwise specified
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the IL-13 values that provided an independently significant as-

sociation with CFwNP (Sensitivity 88.89%, Specificity 47.06%, OR 

9.94, 95% CI: 1.23-80.37) along with the SNOT-22 score (Sensiti-

vity 77.78%, Specificity 64.71%, OR 10.97, 95% CI: 1.84–65.45), 

with a cut-off of 11 also being determined from ROC analysis 

(Table 3b). GM-CSF based on a cut off of 5.14E-3 was not 

independently associated with NP in addition to the SNOT-22 

score (Table 3c), with gender and age also not independently 

associated with NP, when included in a model with IL-13 and 

SNOT-22 scores (Table 3d). Based on the final multivariate model 

(Figure 1C), a 3-level scoring system was developed to indicate 

whether a patient had SNOT-22 less than 11 and IL-13 less than 

8.79E-5 (Score: 0); either SNOT-22 more than 11 or IL-13 more 

than 8.79E-5 (Score: 1) or both SNOT-22 more than 11 and IL-13 

more than 8.79E-5 (Score: 2).  The ROC analysis indicates that the 

predictive performance is not significantly improved through 

the addition of IL-13 to the SNOT-22 score for the prediction of 

NP (C-stat improved from 0.812 to 0.815, p=0.96).

Assessing the relationship between cytokine expression and 

clinical variables in this cohort revealed an association between 

IL-8 expression and acute bacterial infection of the nose. Mean 

normalized expression of IL-8 in individuals with nasal culture 

positive for S. aureus or P. aeuriginosa (μ=1.33E-1 ± 1.15E-1) was 

73% higher than in those who tested negative for these bacteria 

(9.55E-2 ±9.91E-2). Analysis of the distribution with the non-

Table 3. Predicted probability of cytokine and clinical variables for deter-

mining nasal polyposis risk.

Figure 1. Receiver operating characteristic (ROC) curve of A) SNOT-22 

score B) IL-13 level and C) final predictive model, based on IL-13 level 

and SNOT-22 score, to estimate the probability of suffering from CF with 

concomitant nasal polyposis. 

Table 3a - Univariate associations with NP, expressed as odds ratio

Variable
OR

NP

p-value95% CI

SNOT-22 > 11 8.45 1.84 - 38.75 0.006

Table 3b - Multivariate associations with NP, including cytokine 
variables (binary)

Variable
OR

NP

p-value95% CI

SNOT-22 > 11 10.97 1.84 - 65.45 0.009

IL-13 > 8.79E-5 9.94 1.23 - 80.37 0.031

Table 3c - Multivariate associations with NP, including cytokine 
variables (binary)

Variable
OR

NP

p-value95% CI

SNOT-22 > 11 8.95 1.81 - 44.30 0.007

GM-CSF > 5.14E-3 3.17 0.64 - 15.68 0.158

Table 3d - Multivariate associations with NP, including cytokine 
variables plus age/gender

Variable
OR

NP

p-value95% CI

SNOT-22 > 11 12.00 1.91 - 75.35 0.008

IL-13 > 8.79E-5 10.14 1.16 - 89.03 0.037

Female 0.89 0.15 - 5.41 0.896

Age 1.10 0.83 - 1.46 0.490
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parametric unpaired Mann Whitney test demonstrated no sig-

nificant difference between the two cohorts (p=0.14). The mean 

normalized expression of IL-8 was found to be similar between 

CFsNP (1.04E-1 ± 8.08E-2) and CFwNP individuals (9.55E-2 

±9.91E-2). This difference was also found to be non-significant 

(p=0.36). There were no other notable associations found 

between cytokines and clinical variables in this population.

Discussion
Our findings demonstrated marked differences in the inflam-

matory profile between CFwNP and CFsNP. Two cytokines in 

particular, IL-13 and GM-CSF, were found to be significantly 

different between the groups based on analysis with a non-

parametric Perl Permutation test. These cytokines represented 

the most unique and differentiating inflammatory features of 

each disease category. 

In CF animal models, IL-13 is highlighted as a cytokine of interest 

for its role in perpetuating the chronic inflammatory proces-

ses in the gut and lower respiratory tract (12,13). The constitutive 

expression of IL-13 in murine intestinal epithelial cells induced 

villous atrophy, goblet cell hyperplasia and mucous hypersecre-

tion (13). Most importantly, these changes in epithelial architec-

ture were accompanied by increased secretion of chlorine ions 

(Cl-) and were associated with an increase in CFTR expression. 

Similarly, in the lower respiratory tract, IL-13 is a driver of goblet 

cell hyperplasia, but also contributes to airway hyper-responsi-

veness via the modulation of smooth muscle calcium channels 

(independent of eosinophils and IgE) (12).

Despite the reduced presence of eosinophils in CFwNP compa-

red with allergic rhinitis with nasal polyposis, it is known that 

eosinophils still play a critical role in driving the development of 

nasal polyposis (14). In a study of nasal polyp tissue collected from 

CFwNP individuals, an eosinophilic infiltrate comprised 45% 

of samples, of which 80% also contained a mixed neutrophilic 

infiltrate (15). The release of IL-13 by human eosinophils in eosi-

nophilic inflammatory responses is also well characterized (16). In 

vitro findings suggest that IL-13 production is a cytokine-driven 

process, induced by IL-5 or GM-CSF stimulation of eosinophils. 

In vivo analysis of nasal tissue found that IL-13 is also released 

in response to common nasal allergen provocation, along with 

a marked increase in tissue eosinophilia, and this response was 

sustained up to one week from the provocation event (17).

Consistent with this mechanism, IL-13 was significantly up-

regulated in this population of CFwNP compared to CFsNP 

individuals. Upon analysis of these groups using non-parametric 

unpaired Mann Whitney test, the association of IL-13 with nasal 

polyposis status was found to be not significant in the current 

study. It is frequently the case in biomedical research where 

small sample sizes and the inclusion of multiple analytes make 

for insufficient statistical power to test for associations using 

traditional non-parametric tests. The permutation test is better 

suited for the identification of gene and protein products be-

cause it does not make assumptions about the normality of the 

underlying distribution (10).

As Table 1 indicates, several inflammatory cytokines were also 

similarly expressed in both CFwNP and CFsNP. Among those 

cytokines expressed similarly between study cohorts in this in-

vestigation, IL-8 is was notable. Previous studies have associated 

IL-8 with the neutrophilic inflammation characteristic of CFwNP 
(2). Interestingly, recent literature has disputed this association. 

Nunes et al. found that elevated levels of IL-8 seen in CFwNP 

were more likely associated with the presence of an acute 

bacterial infection (P. aeruginosa and/or S. aureus) in CF patients, 

rather than polyp status (18). In CFwNP groups where nasal swab 

samples were culture negative for S. aureus, IL-8 was expressed 

at much lower levels in their study (18). Our results corrobora-

ted these findings. Individuals with positive nasal culture for 

Staphylococcus aureus or Pseudomonas aeruginosa at the time of 

examination had higher levels of IL-8 on average than those that 

were culture negative. As the proportion of those with active in-

fection was well balanced between CFwNP and CFsNP cohorts, 

IL-8 was not found to be significantly different between these 

groups (permutation score=0.88; p=0.29) (Table 1).

A predictive model with higher sensitivity at the expense of 

specificity was favored since the gold standard for confirmation 

of nasal polyposis, flexible endoscopy of the nasal cavity, can be 

performed quite easily by an Otolaryngologist, and causes little 

distress to the patient. The prospect of nasal polyposis left un-

treated in a CF individual poses a much greater risk. The impact 

of nasal polyposis on quality of life can be extremely detrimental 

and may produce symptoms such as nasal obstruction, mouth 

breathing, headache, rhinorrhea, facial pain, anosmia, halitosis, 

and restless sleep (3). If left untreated, the expansion of nasal 

polyps may also cause facial deformities and visual disturbance 
(3). Obstruction of the nasal cavity by polypoid oedema presents 

a challenge to treatment by restricting access to the mucosa for 

nasal-administered corticosteroid rescue medication, contribu-

ting to the medically refractory nature of CFwNP. These patients 

tend not to respond to conventional corticosteroid treatment as 

effectively as those with eosinophilic nasal polyposis (3). When 

medical management options have been exhausted, surgical 

removal of nasal polyps may be indicated. 

Thamboo et al. demonstrated that a subjective clinical eva-

luation tool, the sinonasal outcomes test-22 (SNOT-22) could 

effectively identify CF pediatric patients at high risk of suffering 

from concomitant nasal polyposis (6). Setting a threshold SNOT-

22 score of 11 for detecting CFwNP in their study, the positive 

predictive value was 68.1%, the negative predictive value was 

66.7%, and the positive likelihood ratio was 1.82. In accordance 

with the clinical trial conducted by Thamboo et al., elevated 

levels of IL-13 in our tissue samples were correlated with 

SNOT-22 score greater than 11 (Table 2). While the ROC analysis 
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