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Azithromycin (AZM) has shown promising anti-inflammatory properties in chronic obstructive pulmonary
diseases, and clinical studies have presented an improvement in the respiratory condition of cystic fibrosis
(CF) patients. The aim of this study was to investigate, in human airway cells, the mechanism by which AZM
has beneficial effects in CF. We demonstrated that AZM did not have any anti-inflammatory effect on CF
airway cells but restored Cl� efflux.

Cystic fibrosis (CF) is the most common genetic disorder in
Caucasian populations. CF is caused by mutations in the cystic
fibrosis transmembrane conductance regulator (CFTR) gene,
which encodes a chloride (Cl�) channel (5). This pathology
affects many organs, but lung disease is the foremost cause of
morbidity and mortality. In CF airway epithelium, sustained
inflammation is due mainly to an increase in the transcription
nuclear factor �B (NF-�B) activity, which leads to an increase
in interleukin 8 (IL-8) production (6, 7). Since macrolides can
reduce inflammatory markers in some pulmonary diseases, azi-
thromycin (AZM) has been used to treat CF patients, but the
molecular mechanisms remain unknown (1). This study inves-
tigates the effects of AZM on inflammatory pathways and on
Cl� efflux that could explain benefits observed in CF patients.

First, we have demonstrated that the physiological concen-
tration of AZM (10 �g/ml; 16 h) is not able to reduce IL-8
secretion and NF-�B activity in CF bronchial epithelial cells
(IB3-1 and CFBE41o�) and in primary human bronchial glan-
dular (HBG) cells treated with a specific inhibitor of CFTR
activity (CFTRInh-172, 10 �M) (4). These results for the NF-�B
pathway were obtained by different approaches, using a mul-
tiplex approach, Western blotting, and luciferase activity. In
contrast, in non-CF cells (S9, 16HBE14o�, and HBG cells),
AZM significantly reduced IL-8 secretion and NF-�B activity
(data not shown).

In the second part of this work, we have consolidated and
also extended results obtained from Oliynyk (3). In our study,
contrary to the case with erythromycin, AZM was able to
significantly activate Cl� efflux in two CF human bronchial
epithelial cell lines and in CF human primary airway epithelial
cells (CF hAEC, from Epithelix) (Fig. 1). These results were
obtained and quantified by two different methods [6-methoxy-
N-(3-sulfopronyl)-quinolinium (SPQ) probe and Premo Halide
Sensor method]. Moreover, the addition of CFTRInh-172 com-

pletely abolished Cl� restoration, suggesting that AZM is act-
ing only through CFTR channel activity (data not shown). The
rapid increase of Cl� activity (less than 5 min) observed in all
used cell models suggests that AZM could act mainly as a

* Corresponding author. Mailing address: CDR St. Antoine, Inserm
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FIG. 1. Effect of AZM (10 �g/ml) on chloride efflux in CF airway
epithelial cells (IB3-1, CFBE41o�, and CF hAEC) and in non-CF
airway cells (S9 cells). (A) Cells were loaded with SPQ probe, and
fluorescence was measured every second after treatment with AZM.
Data are relative fluorescence Ft/F0, where “Ft” is the fluorescence
intensity at time T and “F0” is the fluorescence at time zero. (B) The
histogram represents the means of activation at 600 s of 35 cells in 5
independent experiments. ***, P � 0.001.
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potentiator of the F508del CFTR protein already present at
the apical membrane of cells.

In the literature, numerous data have shown that the most
important defect in CF is in a lack of Cl� conductance. There-
fore, restoring this Cl� activity may have a major beneficial
clinical effect in the CF patient. The restoration of Cl� efflux
could partially explain why AZM is involved in the correction
of airway surface liquid composition, the increase of transep-
ithelial electrical resistance affecting the processing of airway
epithelial tight junction proteins and consequently the reduc-
tion in the binding of bacteria (2, 8). Thus, the involvement of
AZM-associated Cl� efflux observed in these studies remains
to be determined.

In conclusion, the present findings support the hypothesis
that AZM is implicated in the activation of the Cl� efflux in CF
airway epithelial cells and thus may have a beneficial effect in
CF patients.
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