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This study has investigated a potential role of common Cystic Fibrosis Transmembrane Conductance Regulator
(CFTR) gene variants in the etiology of noncystic fibrosis bronchiectasis in Serbian children. The study has
encompassed 48 patients (19 male and 29 female, aged between 5 and 18 years, median age 10.6 – 3.3), diagnosed
with idiopathic bronchiectasis based on high-resolution computed tomography of thorax and pathologic ex-
amination of lobectomy materials. The CFTR gene analysis was performed on genomic DNA extracted from
peripheral blood samples of patients by polymerase chain reaction (PCR)-Mediated Site-Directed Mutagenesis
method, Denaturing Gradient Gel Electrophoresis method, and DNA sequencing. Mutation c.1521_1523delCTT
(F508del) was detected with an allelic frequency of 1.0%, and c.224G > A (R75Q) variant. Carriers of c.1210-12T[5]
(IVS8-5T) allele were significantly more common than in the general population (10.4% vs. 5.0%, P = 0.0302). The
frequency of homozygotes for Met 470 allele was higher in patients than in the general population (33% vs. 20%),
while heterozygotes for p.Met470Val were less frequent (31% vs. 50%), and this difference was statistically
significant (P = 0.0222). The results obtained in this study indicate involvement of 2 common CFTR variants,
c.1210-12T[5] and c.1408A, in idiopathic bronchiectasis in children, but this observation should be further
confirmed by more extensive analysis of the CFTR gene in a larger group of patients.

Introduction

Bronchiectasis is a lung disease in which deregulated
inflammatory response and recurrent bacterial infection

result in a progressive lung damage and irreversible dilata-
tion of bronchi. The estimates of disease incidence vary be-
tween 1/10,000 and 100/10,000.1 The true prevalence of
bronchiectasis is most likely underestimated, as less severe
forms of bronchiectasis have been documented with the in-
creased use of high-resolution computed tomography
(HRCT). The presentation of this condition has significantly
changed since the introduction of antibiotics, while with the
advent of HRCT technique diagnostics became much easier.
Despite that, bronchiectasis continues to be an important
cause of chronic respiratory disease and is increasingly rec-
ognized as a major cause of respiratory morbidity, especially
in developing countries.

Among many known causes of bronchiectasis, the most
common are mechanical bronchial obstruction, postinfectious
bronchial damage (tuberculosis and allergic broncho-
pulmonary aspergillosis), abnormal host defense (ciliary dys-
kinesia and hypogammaglobulinemia), genetic defects (cystic
fibrosis and alpha-1-antitrypsin deficiency), and autoimmune
disease (systemic lupus erythematosus, rheumatoid arthritis,

and bulcerative colitis).2 However, underlying cause of bron-
chiectasis is found in less than 50% of patients, while in others
it remains unknown, in spite of extensive investigations.2

Idiopathic bronchiectasis is currently considered to be a
multifactorial disorder, whose pathogenesis is influenced by
environmental factors and probably several undetermined
genes.

Genetic variations in the Cystic Fibrosis Transmembrane
Conductance Regulator (CFTR) gene are studied as a po-
tential cause of idiopathic bronchiectasis due to the impor-
tance of the role played by the CFTR protein in the lung.3,4

The CFTR protein is a cAMP-activated chloride channel,
expressed in the apical membrane of ciliated surface cells and
gland ducts. The permeability of CFTR to HCO3

- , the rela-
tive acidity of the gland secretions pH in cystic fibrosis, and
the apical localization of the protein support the notion that
CFTR activity alkalinizes airway surface liquid (ASL) pH.5

Available evidence indicates that the defects in the CFTR
protein affect physiological functions of both surface and
submucosal gland epithelia.6 Defective CFTR function at the
airway surface can lead to impaired regulation of ASL vol-
ume or composition and, therefore, to impaired mucociliary
clearance. In submucosal glands, CFTR defects can lead
to defects in water and salt secretion, compromising the
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clearance of mucins and a variety of defense substances
onto the airway surface. Impaired mucociliary clearance,
together with CFTR-related changes in the airway surface
microenvironment, leads to a progressive cycle of infection,
inflammation, and declining lung function. It is known that
the CFTR protein may be defective in a variety of diseases
affecting lung, but its role in the etiology of bronchiectasis
remains unclear, considering controversial findings pub-
lished so far.7–12

This study has investigated a potential role of CFTR gene
variants in the etiology of idiopathic bronchiectasis in Ser-
bian children and is based on the hypothesis that CFTR gene
mutations may play a role in the development of noncystic
fibrosis bronchiectasis. Previous studies have indicated that a
unique CFTR mutation may have pathogenic consequences
in patients with bronchiectasis and it could therefore be ex-
pected that CFTR gene mutation heterozygotes will be more
common among idiopathic bronchiectasis patients.13,14

Materials and Methods

Patients

The study has encompassed 48 children (19 male and 29
female) with idiopathic bronchiectasis who were referred to
the Department of Pulmonology and Allergology of the
University Children’s Hospital during the period 2008–2010.
Informed consent was obtained from all patients’ parents
and the study was approved by the Ethical Committee of the
Medical Faculty, University of Belgrade. Children of all ages
who were diagnosed with noncystic fibrosis bronchiectasis
were prospectively recruited for this study. Bronchiectasis
was diagnosed by HRCT of thorax in all patients and was
confirmed on pathologic exemination of lobectomy materials
in patients who underwent surgical removal of lung due to
hemorrhage. Other known causes of bronchiectasis were
ruled out in every patient. Immunodeficiency disorders were
excluded based on total immunoglobulins and T lymphocyte
phenotype. Ciliary dyskinesia was excluded based on elec-
tron microscopy of bronchial brushing cytology specimens
collected during flexible bronchoscopy. Tuberculosis was
excluded based on negative purified protein derivative (PPD)
skin test and negative polymerase chain reaction (PCR) for
Mycobacterium tuberculosis in bronchoalveolar lavage (BAL).
Spirometry was performed in all patients. Lower respiratory
tract infection was defined as increased cough and sputum
production and/or any change in chest X-ray.

Controls

Considering that no age-matched control group was
available for this study, the data previously published for
general population were used instead. The following esti-
mated frequencies based on previously published data for
general population were used: 0.05 for c.1210-12T[5] carriers,
0.04 for CFTR mutation carriers, and 0.55 for c.1408G
(470 Val allele).15–17 The suitability of the used data was
confirmed by the comparison to the group of previously
analyzed healthy individuals from Serbia, which did not
significantly differ from the data published for the general
population.18 This previously studied group has en-
compassed 102 healthy unrelated subjects from the same
geographic region as the patients encompassed by this study.
Their mean age was 50.5 – 13.8 years and 36.3% were male.

All control subjects showed normal pulmonary function on
spirometry (FEV1/FVC > 70% predicted and FEV1 > 80%
predicted).

Genetic analysis

Genomic DNA was isolated from peripheral blood sam-
ples, taken with sodium citrate as anticoagulant, using
commercially available GFX Genomic Blood DNA Purifica-
tion Kit (GE Healthcare).

The detection of mutation c.1521_1523delCTT and the
analysis of c.1210-12T[5–9] polymorphism were performed
by previously described protocols based on PCR-Mediated
Site-Directed Mutagenesis method.19,20

The screening of the exons 3, 10, and 11 of the CFTR gene
for the presence of genetic variations was performed using
Denaturing Gradient Gel Electrophoresis (DGGE) method.
The fragments encompassing the exons and flanking se-
quences were amplified in PCR reactions and analyzed by
DGGE according to the previously published protocol.21

Amplified fragments of CFTR exons 3, 10, and 11 were an-
alyzed on the DGGE gels with concentration of denaturants
10%–60%. The electrophoresis was performed for 4 h at 230
V, followed by silver staining of the DGGE gels.22

The automated DNA sequencing was performed for all
samples showing aberrant band patterns on DGGE gels. The
fragments for sequencing were amplified using the primers
CTTGGGTTAATCTCCTGGGA and ATTCACCAGATTTC
GTAGTC for exon 3. The PCR was conducted in a 100mL
reaction mixture containing: 15 mM Tris-HCl pH 8.0, 50 mM
KCl, 2.5 mM MgCl2, 0.2 mM each dNTP, 20 pmol of each
primer, 5 U of Taq polymerase (FIREPol; Solis BioDyne), and
approximately 500 ng of DNA. The amplifications were
performed as follows: initial denaturation for 5 min at 94�C;
30 cycles consisting of 1 min at 94�C, 1 min at 55�C, and 1 min
at 72�C; and final extension for 10 min at 72�C. Before use in
sequencing reactions, PCR products were purified by QIA-
quick PCR Purification Kit (QIAGEN). The sequencing re-
actions were performed in both forward and reverse
direction, with the same primers as for the amplification,
using the ABI PRISM Big Dye Terminator system (Applied
Biosystems). Sequences were analyzed using the Sequencing
Analysis software (Applied Biosystems).

Statistical analysis

Descriptive statistics are presented as mean values with
standard deviations for continuous variables. Categorical
data are presented by absolute numbers with percentages.
The obtained allele and genotype frequencies were com-
pared to the frequencies in general population and analyzed
using the Chi-square test.15–18 In all tests, P value < 0.05 was
considered to be statistically significant. Considering that 4
consecutive statistical analyses are performed, a corrected
level of significance (alpha adjustment) of 0.0125 (0.05/4)
according to modified Bonferroni procedure was also dis-
cussed. Statistical analysis was performed using SPSS sta-
tistical software (SPSS for Windows, release 17.0, SPSS).

Results

This study has encompassed a group of 48 children (19
male and 29 female) between 5 and 18 years of age (median
10.6 – 3.3 years) diagnosed with idiopathic (noncystic
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fibrosis) bronchiectasis. All patients had normal sweat chlo-
ride values ( < 40 mEq/L), while only 3 patients had sweat
test values near borderline (30–40 mmol/L). Baseline demo-
graphic and clinical characteristics of the patients are given
in Table 1. Bronchiectasis was diagnosed by HRCT of thorax
in all patients. Findings on HRCT were similar in all pa-
tients and a representative CT scan is shown in Fig. 1. Spu-
tum cultures were obtained from all patients and 97.9%
of children tested positive. The most common was coloni-
zation by Streptococcus pneumoniae, Pseudomonas aeruginosa,
Haemophilus influenzae, Moraxella catarrhalis, and Staphylo-
coccus aureus.

The presence of the mutation c.1521_1523delCTT, analysis
of common c.1210-12T[5–9] polymorphism and screening of
exons 3, 10, and 11 in the CFTR gene were performed in 48
children diagnosed with idiopathic disseminated bronchiec-
tasis. The obtained allele frequencies are shown in Table 2,
while the obtained genotype frequencies are shown in Table 3.

The c.1521_1523delCTT mutation was detected in one
patient, with allelic frequency of 1.0%. The screening of
CFTR exon 3 showed the presence of the change in one pa-
tient, which was characterized by sequencing as c.224G > A.
The CFTR mutation frequency in the group of patients did
not significantly differ from the general population.

The c.1210-12T[5] variant was detected with relatively
high genotype frequency in comparison to general pop-
ulation (10.4% vs. 5.0%).15,18 The frequency of genotypes
c.1210-12T[5] + [7] and c.1210-12T[5] + [9] was statistically
significantly higher in patients than in the general population
(P = 0.0302). However, after the correction for multiple com-
parisons statistical significance is lost.

The screening of CFTR exon 10 showed only the presence
of the common polymorphism c.1408A > G (p.Met470Val).
The c.1408A > G genotype was determined based on com-
parison of the DGGE exon 10 band pattern with samples
previously characterized by sequencing. The alleles c.1408A
and c.1408G of the c.1408A > G polymorphism were detected
with the frequencies of 49.0% and 51.0%, respectively, which
did not significantly differ from the general population fre-
quencies. However, there was statistically significant differ-
ence in the distribution of Met470Val genotypes between
the patients group and the general population (P = 0.0222).
The genotype Met/Met was more frequent in patients than
in the general population (33% vs. 20%), while genotype
Val/Val was less frequent (31% vs. 50%), but after the alpha
adjustment for multiple comparisons the above-mentioned
statistical significance is lost.16–18

Discussion

Several studies in the past decade have been aimed at
revealing the genetic basis of bronchiectasis, but the existing
data remain controversial. This study was conducted on a
group of pediatric patients with idiopathic bronchiectasis
and was aimed to correlate the presence of some common
CFTR gene variants with the development of the disease. It
was presumed that CFTR genetic variations should be most
strongly associated with the disease development in a group
of children, in which all other known causes and risk factors
for bronchiectasis were excluded. The study was conducted
on a well-defined group of children in whom diagnosis of
bronchiectasis was confirmed by HRCT of thorax, consid-
ered the gold standard technique for diagnosis of this

Table 1. Baseline Demographic and Clinical

Characteristics of Patients

Gender, n (%)
Male 19 (39.6)
Female 29 (60.4)

Age
Age on diagnosis, mean – SD (years) 10.6 – 3.3
Age at disease onset, mean – SD (years) 9.7 – 3.2

Spirometry
FEV1, mean – SD (%) 85.0 – 14.5
FVC, mean – SD (%) 80.0 – 14.5
Sweat test (mEq/L) 12.5 – 8.2

Microorganisms isolated from sputum, n (%)
Normal flora 1 (2.1)
Pseudomonas 10 (20.8)
Streptococcus pneumoniae 14 (29.2)
Moraxella catarrhalis 5 (10.4)
Haemophilus influenzae 10 (20.8)
Staphylococcus aureus 4 (8.3)
Acinetobacter 1 (2.1)
Burkholderia cepacia 1 (2.1)
Acinetobacter, Burkholderia cepacia 1 (2.1)
Staphylococcus (coagulase-negative) 1 (2.1)

SD, standard deviation; FEV1, forced expiratory volume in 1 s;
FVC, forced vital capacity.

FIG. 1. A representative
computed tomography (CT)
scan of a patient with idio-
pathic bronchiectasis. A,
anterior; R, right; L, left; S,
superior.
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disease. Bronchiectasis was confirmed to be idiopathic by
ruling out all known causes in each child. None of the chil-
dren included in the study were suspected with cystic fi-
brosis, since no clinical evidence of CF was observed. Sweat
test, considered the gold standard for the diagnosis of CF,
was negative in all subjects ( < 40 mM), while only 3 patients
had sweat test values near borderline (30–40 mmol/L). Pre-
vious studies indicated that atypical forms of the disease,
with 2 CF disease-causing mutations, are associated with
sweat test results above 30 mM.23,24 Previous studies have
also shown that heterozygosity for CFTR mutations is more
common in non-CF bronchiectasis than in healthy individ-
uals, indicating that CFTR function may be defective even in
those individuals with negative sweat test and one normal
copy of the CFTR gene.13,25–27

All selected patients were subjected to genetic analysis to
detect the presence of CFTR gene variants. In addition to
the detection of the most common mutation, c.1521_
1523delCTT, and analysis alleles of c.1210-12T[5–9] poly-
morphic locus, exons 3, 10, and 11 of the CFTR gene were
screened for the presence of any genetic variations, con-
sidering that mutations in these exons were previously
found to be commonly associated with pulmonary disor-
ders in Serbia.12 Considering that no control group was
available for this study, which is its main limitation, the
data previously published for general population were
used instead. The rationale for using such data relies on the
fact that they are based on studies that have encompassed

the screening of the entire CFTR gene in a relatively large
sample mainly from Mediterranean area populations
known to have similar genetic background and similar
distribution of CFTR gene mutations as Serbia.12,16,18 The
distribution of the CFTR genetic variations analyzed in this
study in the general population is not significantly different
from their distribution in Serbian general population, con-
firmed by a previous study that has encompassed a rela-
tively small number of healthy individuals.16,18

The CFTR mutation frequency in the group of patients
did not significantly differ from the general population. The
c.1521_1523delCTT mutation, detected in this study in one
patient, is the most common mutation causing cystic fibrosis
and is also found to be a risk factor in heterozygous state for
the development of lung disease.28 The patient in whom
c.224G > A variant was detected was also shown to be a
carrier of c.1210-12T[5] variant. The c.224G > A variant is
polymorphic at amino acid level, but appears to have
channel activity not different from the wild-type CFTR.29 The
c.224A allele was found to be significantly more frequent in
patients with mild pulmonary manifestations, such as atyp-
ical cystic fibrosis.30 The increased frequency of this variant
was also observed in Serbian patients with chronic obstruc-
tive pulmonary disease.31

The alleles of Tn polymorphic locus are not considered to
be disease-causing mutations, but they affect CFTR mRNA
splicing and can be associated with some mild clinical pre-
sentations. The c.1210-12T[7] and c.1210-12T[9] alleles are
considered normal, since they generate sufficient amount of
functional CFTR mRNA to prevent the development of the
disease. The c.1210-12T[5] allele generates low levels of
functional CFTR mRNA, due to which it has been considered
a mild mutation rather than a polymorphism. In this study,
the c.1210-12T[5] variant was detected with the allelic fre-
quency of 10.4%, and carriers of this variant were statistically
significantly overrepresented in patients than in the general
population (v2 = 4.696, P = 0.0302), suggesting possible in-
volvement of this variant in the etiology of idiopathic bron-
chiectasis.32 Our results are in concordance with the
hypothesis that c.1210-12T[5] variant may be associated with
obstructive pulmonary disorders, but this finding should be
confirmed on a larger study sample.8

The c.1408A > G variant is also polymorphic at amino acid
level and there is a difference in maturation and intrinsic
chloride channel activity between the 2 alleles. The p.470Met
variant of the CFTR protein matures more slowly and has
1.7-fold increased channel activity compared with p.470Val
protein.33 Although p.470Met and p.470Val alleles differ
functionally, there have been no reports that they alone
could be associated with certain clinical conditions. How-
ever, it is possible that they may be of importance for mild
clinical presentations if present in combination with some
other sequence variants.34 The frequency of MM genotype
was statistically significantly higher in the patients group
than in the general population, while heterozygotes for
c.1408A > G variant were less frequent (v2 = 7.618, P = 0.0222).
Since in adult patients with bronchiectasis who carry CFTR
mutations a very high frequency of Met/Met genotype was
observed (90%), the increased frequency of Met/Met geno-
type in this study may rather indicate the presence of CFTR
mutations that were not detected due to study limitations,
than the association of c.1408A > G variant with the disease.25

Considering variability of CFTR mutations detected in

Table 2. CFTR Alleles Detected in Children

with Idiopathic Bronchiectasis

Variant Alleles Number %

F508del Mutant 1 1.0
Wild type 95 99.0

R75Q Mutant 1 1.0
Wild type 95 99.0

Tn polymorphism IVS8-5T 5 5.2
IVS8-7T 81 84.4
IVS8-9T 10 10.4

M470V M470 47 49.0
470V 49 51.0

CFTR, cystic fibrosis transmembrane conductance regulator.

Table 3. CFTR Genotypes Detected in Children

with Idiopathic Bronchiectasis

Genotype
Number

of patients %

F508del 7T/9T M/V 1 2.1
R75Q 5T/7T M/V 1 2.1

— 5T/7T M/V 2 4.2
— 5T/9T V/V 1 2.1
— 5T/9T M/M 1 2.1
— 7T/9T M/M 4 8.3
— 7T/9T M/V 2 4.2
— 7T/9T V/V 1 2.1
— 7T/7T M/M 11 22.9
— 7T/7T M/V 11 22.9
— 7T/7T V/V 13 27.0
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patients with bronchiectasis, future studies should encom-
pass the screening of the entire CFTR gene.

The analysis of polymorphic TG dinucleotide repeat ad-
jacent to the c.1210-12T[5] variant would also be of impor-
tance for interpretation of the obtained results, since the
clinical presentations of the 5T variant are associated with
the 5T-12TG-470M haplotype.35,36 Such analysis was not
possible in this study, considering that most children’s par-
ents were not available for analysis and no haplotype data
could have been obtained. A possibility remains that study
subjects are carriers of undetected mutations in the CFTR
gene, which could significantly influence CFTR function and
could also significantly contribute to airways functional ab-
normalities in these patients.

The findings of this study correlate with data published
for adult bronchiectasis patients, which report generally high
incidence of c.1210-12T[5] and c.1408A CFTR variants.13,25–27

These results can only be considered preliminary, consider-
ing lack of control group, relatively small group of patients,
and loss of statistical significance after the correction for
multiple comparisons. Also, the data on CFTR mutations in
pediatric population with idiopathic bronchiectasis are vir-
tually nonexistent and it is difficult to estimate the signifi-
cance of the obtained results. Studies conducted in adults
with bronchiectasis suggested that heterozygosity for CFTR
mutations most likely has pathogenic consequences, con-
tributing to the development of bronchiectasis, probably
with other genetic and epigenetic associated factors.13,25–27

The results obtained in this study indicate involvement of
2 common CFTR variants, c.1210-12T[5] and c.1408A, in id-
iopathic bronchiectasis in children. However, analysis of
larger sample size, more extensive analysis of the CFTR gene,
and replication of findings in different populations are nec-
essary to further investigate the role of these variants and
confirm the observations of this study. More detailed and
extensive studies should be conducted in children with idi-
opathic bronchiectasis in to evaluate the importance of CFTR
mutations heterozygosity and investigate the role of CFTR in
this disease.
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