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Cysticfibrosis (CF) airway epithelium is constantly subjected to injury events due to chronic infection and inflam-
mation. Moreover, abnormalities in CF airway epithelium repair have been described and contribute to the lung
function decline seen in CF patients. In the last past years, it has been proposed that anoctamin 1 (ANO1), a Ca2+-
activated Cl− channel, might offset the CFTR deficiency but this protein has not been characterized in CF airways.
Interestingly, recent evidence indicates a role for ANO1 in cell proliferation and tumor growth. Our aims were to
study non-CF and CF bronchial epithelial repair and to determine whether ANO1 is involved in airway epithelial
repair. Here, we showed, with human bronchial epithelial cell lines and primary cells, that both cell proliferation
and migration during epithelial repair are delayed in CF compared to non-CF cells. We then demonstrated that
ANO1 Cl− channel activity was significantly decreased in CF versus non-CF cells. To explain this decreased Cl−

channel activity in CF context, we compared ANO1 expression in non-CF vs. CF bronchial epithelial cell lines
and primary cells, in lung explants from wild-type vs. F508del mice and non-CF vs. CF patients. In all these
models, ANO1 expression was markedly lower in CF compared to non-CF. Finally, we established that ANO1 in-
hibition or overexpression was associated respectively with decreases and increases in cell proliferation andmi-
gration. In summary, our study demonstrates involvement of ANO1 decreased activity and expression in
abnormal CF airway epithelial repair and suggests that ANO1 correction may improve this process.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Cystic fibrosis (CF) is an autosomal recessive disease that is due to
mutations in the cystic fibrosis transmembrane conductance regulator
(CFTR) gene encoding an essential cAMP-dependent chloride (Cl−)
channel. Defective CFTR function in the airway epithelium leads to
lung alterations, the main cause of morbidity and mortality of CF
patients.

In CF airway epithelial cells, CFTR impairment results in decreased Cl−

secretion and increased sodium (Na+) influx, leading to an increase in
water absorption that translates into greater viscidity of the airway

surface liquid. In advanced CF, defective ciliary clearance and mucus
hypersecretion cause airway obstruction and produce a favorable envi-
ronment to chronic infection and inflammation, resulting in epithelial in-
jury and lung function impairments [1]. In addition, abnormalities in
epithelial injury repair in CF airways have been described [2] and induce
characteristic epithelial remodeling [3]. Several studies have established
involvement of interleukin-8, somemetalloproteinases, and CFTR Cl− ac-
tivity in the epithelial repair process, but the underlying mechanisms re-
main unclear [2,4,5].

Chloride ion movements across the cell membrane are tightly regu-
lated by Cl− channels and transporters, which remain poorly character-
ized in the lungs, the only exception being the CFTR channel. CFTR is the
main gateway for Cl− secretion in the human airway epithelium. How-
ever, alternative Cl− conductance associated with channels called
calcium-activated chloride channels (CaCCs) has been identified in sev-
eral cell types, including those of secretory epithelia [6,7]. Different au-
thors have compared CaCC activities in human nasal cells and have
observed an increased in CF compared to non-CF group [8–11]. For
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this reason it has been proposed that CaCCsmight compensate for CFTR
function impairment in CF patients [11] but the molecular identity of
CaCCs remained unknown for many years. CaCCs are activated by
purinergic signaling through the binding of ATP/UTP to P2Y2 receptor
that induces an increase of intracellular Ca2+ concentration. Based on
this mechanism, a P2Y2 agonist (denufosol tetrasodium) has been de-
veloped and tested in a clinical trial for CF patients. Despite the pos-
itive effects on lung function that have been observed in phase II of
the clinical trial, phase III failed to show a significant difference in
lung function of patients treated with denufosol or placebo [12,13].
This study outcome might be due to the short half-life and duration
of action of the molecule [14]. Design of specific CaCC activators
could improve stimulation; therefore CaCC molecular identification
was necessary.

In 2008, three research teams identified one potential CaCC candi-
date called ANO1 (anoctamin 1) or TMEM16a (transmembrane protein
16a) [15–17]. This protein exhibits all the functional characteristics of
CaCCs, especially regarding the anion permeability sequence and Ca2+

dependence. ANO1 is a transmembrane protein expressed in secretory
epithelia including the airway surface epithelium [18–20]. Mice lacking
ANO1 exhibit decreased Ca2+-activated Cl− secretion and impaired
mucociliary clearance, indicating a substantial physiological role for
ANO1 in the airways [21,22]. Moreover, ANO1 is involved inmucin pro-
duction [23], HCO3

−permeability [24] and cytokine secretion [25]. Taken

together, these results indicate that ANO1 is a CaCC andmay be capable
to restore Cl− efflux and other important functions dysregulated in CF
airways and could be in a relationship with CFTR protein [26].

Furthermore, ANO1, which is located on the amplified region 11q13,
is overexpressed in many cancer cells [27–29]. Thus, two different
groups showed that ANO1 inhibition decreased the proliferation of a
human pancreatic cancer cell line [30] and suppressed the growth and
invasiveness of human prostate cancer cells [31]. Moreover, a recent
study showed that ANO1 is a marker of poor prognosis in head and
neck squamous cell carcinoma and implies cell migration [32]. The
exact mechanism by which ANO1 modulates proliferation and migra-
tion of cancer cells is still unknown but Duvvuri and colleagues have re-
cently reported that ANO1 might influence cell proliferation by
activating the RAS–RAF–MEK–ERK1/2 pathway [33]. These data sug-
gesting the involvement of ANO1 in cell proliferation and migration
led us to hypothesize that ANO1might be involved in airway epithelium
repair.

Here, our main objectives were to study non-CF and CF airway
epithelial repair and to assess ANO1 involvement in this process. We
evaluated epithelial repair using proliferation and wound healing ex-
periments in non-CF versus CF bronchial epithelial cells. We then com-
pared ANO1 activity and expression between many non-CF and CF
airway epithelialmodels. To assess the potential role for ANO1 in airway
epithelial repair we tested the effect of ANO1 inhibition on proliferation
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Fig. 1.Cell proliferation andmigration of non-CF and CF bronchial epithelial cell lines in basal conditions. A)Original traces of non-CF and CF cell line proliferationmonitored for 48 h under
basal conditions using real time cell analysis (n = 8, p b 0.001). B) Quantification of cell proliferationwithin 48 h performedwith area-under-the-curve (AUC) values normalized to non-
CF cells. C) Representative photographs taken every 6 h during 12 h of wound closure of non-CF and CF cell lines under basal conditions. D)Wound closure kinetics of non-CF and CF cell
lines under basal conditions showed in C.
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