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Cystic fibrosis (CF) is an autosomal recessive disorder resulting 
from mutations in the CF transmembrane regulator (CFTR) 

gene (1,2). The CFTR gene is responsible for coding a 1480 amino 
acid protein that functions as a cyclic adenosine monophosphate-
regulated chloride channel (an ATP-binding cassette transporter). 
This channel regulates water and ion transport across membranes, 
and is found in the epithelium of secretory epithelial cells in the 
lungs, liver, pancreas, intestine, reproductive tracts and sweat glands. 
Mutations in the gene are associated with decreased mucociliary 
clearance, leading to pathogenic bacterial colonization and an 
inflammatory cascade. Within the respiratory tract, this results in 
irreversible bronchiectasis and, ultimately, respiratory failure (3). 
Currently, 1604 mutations are listed in the CF database, 39 of which 
are tested for in routine CFTR analysis, which encompasses 90% of 
mutations found in the Caucasian population (4). 

Because the link between chloride channel dysregulation and clin-
ical disease is not clearly defined, non-CF gene modifiers and environ-
mental factors are believed to play a role (5). Several studies have 
hypothesized that some nondisease-causing CFTR mutations are asso-
ciated with a spectrum of hyperinflammatory pulmonary manifesta-
tions (6). The present case series highlights an association between 
various CFTR mutations, asthma and recurrent neutrophilic bron-
chitis. This clinical association promotes the hypothesis that such 
mutations, although not causally linked with CF, are associated with 
pathophysiological changes such as altered rheology of pulmonary 
secretions, upregulation of the innate immune system and abnormal 
CFTR protein on airway smooth muscle cells. These various clinical 
pulmonary manifestations can potentially be considered to be at one 
end of a continuum with those found in classic CF. 

Case presentations
Four patients (one male, three female, all older than 60 years of age) 
who were referred to the Firestone Institute of Respiratory Health 
(Hamilton, Ontario) for evaluation of their asthma, productive cough 
and recurrent bronchitis are reported. They experienced an average of 

four infective exacerbations of their asthma each year for the preced-
ing three years. One patient (case 4) had a daughter who harboured a 
nondefining mutation of the CFTR gene. CF had not previously been 
considered in their diagnostic workup by their referring respirologists. 
They underwent the following investigations: pre and postbroncho-
dilator spirometry, methacholine bronchial provocation test (when 
indicated), quantitative sputum cell counts (7), sputum culture, sweat 
chloride assay (8), quantitative immunoglobulin assay, chest and sinus 
computed tomography scans and genotyping for CFTR mutations (9). 
Three patients also had ciliary beat frequency of nasal epithelial cells 
assessed using high-speed digital video microscopy (Redlake MASD 
Inc, USA) and ProAnalyst software (XCitex, USA) (10). 

The clinical features and results of investigations are summarized 
in Tables 1 and 2. All patients were treated with the appropriate anti-
biotics. Inhaled corticosteroid dosage was reduced to the optimum 
dose to keep the eosinophil percentage lower than 1% (median dose 
fluticasone equivalent 1000 μg daily). All patients were also com-
menced on 5% saline nebulization using a low-output nebulizer and 
were recommended 2 mL to 5 mL twice daily premedicated by salbuta-
mol. Over the following two years of follow-up, one patient experi-
enced two exacerbations of symptoms that were associated with a 
trivial neutrophilia (negative bacteriology), one patient had two 
exacerbations, each of which was associated with sputum eosinophilia 
(6.5%), and the other two have remained free of exacerbations.  

DisCussion
We described the clinical histories of four patients with asthma and 
recurrent or persistent neutrophilic bronchitis, in whom the import-
ance of checking for CFTR gene mutations and the clinical benefit of 
hypertonic saline aerosol is highlighted. 

In our patients, other non-CF causes of neutrophilic bronchitis 
such as occupational exposures, immune deficiency disorders, ciliary 
dyskinesia, chronic aspiration, inflammatory bowel disease and atyp-
ical mycobacterial or chlamydial infection were ruled out with history, 
physical examination and appropriate investigations. 

Case report
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The present case series describes four patients with asthma, airway hyper-
responsiveness and neutrophilic bronchitis who harboured abnormal cystic 
fibrosis transmembrance conductance regulator (CFTR) gene mutations. It 
serves both to alert clinicians to consider CFTR-related disease in both 
young and elderly patients with persistent neutrophilic bronchitis, and to 
highlight the potential utility of future genetic testing for CFTR abnor-
malities in patients with asthma and recurrent bronchitis or pansinusitis, 
and the role of nebulized hypertonic saline as a therapeutic option in these 
patients.
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Des anomalies du gène régulateur de la perméabilité 
transmembranaire de la fibrose kystique chez des 
patients atteints d’asthme et de bronchite à 
neutrophiles récurrente

La présente série de cas décrit quatre patients atteints d’asthme, 
d’hypersensibilité des voies aériennes et de bronchite à neutrophiles qui 
présentaient des mutations anormales du gène régulateur de la perméabilité 
transmembranaire de la fibrose kystique (CFTR). Elle permet à la fois de 
signaler aux cliniciens d’envisager une maladie liée au gène CFTR chez les 
patients ayant une bronchite à neutrophiles persistante et à souligner 
l’utilité potentielle de futurs tests génétiques des anomalies du gène CFTR 
chez les patients ayant de l’asthme et une bronchite récurrente ou une 
pansinusite ainsi que le rôle des solutés physiologiques hypertoniques en 
aérosol comme solution thérapeutique chez ces patients.



Atypical CF and neutrophilic asthma
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Previous studies have investigated potential associations between 
mutations in the CFTR gene and bronchial hyper-responsiveness with 
conflicting results. The Epidemiological Study of the Genetics and 
Environment of Asthma, Bronchial Hyperresponsiveness, and Atopy 
reported that the ∆F508 mutation was not associated to a significant 
extent with asthma (3.2% of carriers versus 2.9% of controls) (11). 
Others have suggested that the ∆F508 mutation can be protective for 
heterozygotes in the context of bronchial asthma (12). In contrast, three 
studies have reported an association between ∆F508 mutation and pan-
sinusitis (6), asthma (13,14) and airflow limitation (15). Finally, a previ-
ous case series (16) found an association between mutations in CFTR 
that alter RNA splicing and/or functional chloride conductance to sus-
ceptibility and pathogenesis of adult bronchiectasis and pulmonary 
nontuberculous mycobacteria infection. This illustrates the importance 
of careful phenotying in genetic linkage and genome-wide association 
studies. Our case histories suggest that the association may be stronger in 
patients with asthma and a neutrophilic bronchitis.

The pathophysiology of lung damage in CF, including decreased 
mucociliary clearance, bacterial infection and retention, and inflam-
matory response leading to bronchiectasis, has been well described 
(17). One commonality between this pathway and the clinical pheno-
types described in our case series is the underlying upregulation of the 
innate immune system, particularly neutrophils. A link between muta-
tions in the CFTR protein and neutrophilia, mediated by smooth 
muscle cells and interleukin-8 has been established (18). Furthermore, 
decreased mucociliary clearance, which precedes infection, inflamma-
tion and innate immune response (hallmarked by neutrophilia) has 
previously been speculated to be present not only in CF patients, but 
also in a continuum of causes of chronic wet cough such as persistent 
bronchitis, chronic lung disease and bronchiectasis (19,20).

Hypertonic saline administration has previously been demon-
strated to be efficacious in CF patients with regard to improvements in 
levels of lung function, frequency of exacerbations and antibiotic use 
during exacerbations (21). The theory behind the mechanism of 
action stems from the isotonic volume depletion hypothesis, which 
stipulates that CF mutations result in excess salt reabsorption across 
the respiratory epithelium, dehydrating airway mucous secretions and 
resulting in decreased mucociliary clearance, and increased rates of 
infection. Although hyperosmolar agents are useful in CF-related and 
non CF-related bronchiectasis (22), hypertonic saline has not specific-
ally been evaluated in non-CF bronchiectasis. The clinical course of 
our patients suggests that hypertonic saline may also be beneficial to 
those with hyperinflammatory states linked to a broader spectrum of 
CFTR mutations. This warrants a prospective randomized clinical trial 
of nebulized hypertonic saline in patients with asthma and persistent 
or recurrent neutrophilic bronchitis, and various CFTR mutations 
with or without bronchiectasis. In contrast to a recent report (23), we 
did not identify any abnormalities in ciliary motility in our patients 
with severe asthma.
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suMMarY
The present case series serves both to alert clinicians to consider a 
potential diagnosis of CFTR-related disease in patients with persistent 
neutrophilic bronchitis or sinusitis and asthma, and to highlight the 
potential utility of future genetic testing for CFTR abnormalities. As 
well, a potential role for nebulized hypertonic saline as a therapeutic 
option, in such individuals warrants consideration based on the clin-
ical improvement seen in our case series. 

TAble 1
Spirometry and sputum cell counts

Patient, age, years FeV1, l FeV1%
FeV1/VC, 

%
∆FEV1, % 
post-bd

PC20,  
mg/ml

Sputum cell count

Sputum culture
TCC*  

(normal <9.7)
eosinophils, % 
(normal <2.0)

Neutrophils, % 
(normal <64)

Female, 80 0.8 43 65 18 Not tested 40 0 98 Pseudomonas aeruginosa, 
Haemophilus influenzae, 
Aspergillus fumigatus

Female, 60 2.31 83 75 12 6 10.5 0 95.5 Staphylococcus aureus, 
Aspergillus fumigatus

Male, 66 2.56 64 61 14 8.2 25.2 2.3 89.7 Staphylococcus aureus, 
Pseudomonas aeruginosa, 
Group B streptococci species

Female, 66 1.99 79 69 15 7.2 18.4 0 77 Haemophilus influenzae

*TCC Total cell count (×106 cells/g); bd Bronchodilator; FEV1 Forced expiratory volume in 1 s; PC20 Provocative concentration of methacholine causing a 20% fall in 
FEV1; VC Vital capacity

TAble 2
Clinical charactersitics and cystic fibrosis transmembrane conductance regulator (CFTR) mutations

Case
Sweat chloride, 

mmol/l Sinus disease bronchiectasis Ciliary beat frequency Immunoglobulins CFTR mutation
1 30 Absent Present Not tested Normal Hetero for 1 disease causing Gly551Asp; 

   Hetero for 4 polymorphisms: Thr854Thr,  
   Gln1463Gln, 1001+11C→T and  
   6-GATT/7-GATT; Homo for one  
   polymorphism: Val470Met 

2 24 Present None Normal Immunoglobulin E  
   7000 (ABPA)

Hetero for 1 disease causing Phe508del; 
   Hetero for 3 polymorphisms: 125G→C,  
   Thr854Thr, 1001+11C→T; Homo for two  
   polymorphisms: Met470Val and 6-GATT;  
   Intron 8T tract status: 7T/9T

3 31 Present Present Normal Normal Hetero for one polymorphism: Val470Met; 
   Homo for two polymorphisms: 7-GATT/7- 
   GATT; Intron 8T tract status: 5T/7T

4 29 Present Present Normal Normal Hetero for one disease causing Arg117His; 
   Intron 8T tract status: 5T/7T

ABPA Allergic bronchopulmonary aspergillosis; del Deletion; Hetero Heterozygous; Homo Homozygous
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