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Cystic fibrosis bone disease: is the CFTR
corrector C18 an option for therapy?
To the Editor:
Mutations in the gene encoding the chloride ion channel CFTR (cystic fibrosis transmembrane
conductance regulator) result in cystic fibrosis (CF), the most common lethal autosomal recessive genetic
disease, which causes a number of long-term health problems, such as bone disease. Osteoporosis and
increased vertebral fracture risk associated with CF disease are becoming more important as the life
expectancy of patients continues to improve. The aetiology of low bone density is multifactorial, and is
most probably a combination of inadequate peak bone mass during puberty and increased bone loss in
adults [1]. Body mass index, male sex, advanced pulmonary disease, malnutrition and chronic therapies
are established additional risk factors for CF-related bone disease. In multiple studies with a large cohort
of adolescent and adult CF patients, the incidence of osteopenia and osteoporosis ranges from 34% to 79%
[1, 2]. This further translated to a 100-fold greater risk of vertebral compression, which can decrease lung
function, thus accelerating the course of the disease and decreasing the patient’s quality of life.
Emerging data suggest a direct genetic component to the development of CF-related bone disease. F508del
is the most common CFTR mutation, with >80% of patients being at least heterozygous [3]. We recently
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discovered a defective CFTR-mediated chloride channel activity and severe deficit of the release of
osteoprotegerin (OPG) in primary osteoblasts (cells that form bone) obtained from a 25-year-old CF male
with F508del/G542X mutation in CFTR [4]. Recent evidence from clinical and CF model studies suggests
that loss of functional CFTR not only causes osteoblast dysfunction in bones [5, 6] but also in airway
cartilage, which may be important for airway development and dysfunction. Reports have shown that CF
mice and pigs, but not epithelial sodium channel-overexpressing mice with CF-like lung disease, show
abnormalities in tracheal cartilage development with early airflow obstruction [7–10], suggesting a critical
role of CFTR dysfunction independent of deficient ion transport/airway surface liquid depletion. From rib
explants harvested during lung transplantation in adolescents with CF, we validated the genetic

CF
FIGURE 1 The cystic fibrosis transmembrane conductance regulator (CFTR) corrector C18 restores CFTR-dependent
chloride transport in F508del osteoblasts. a) Representative traces and b) quantification of F508del-CFTR channel
activity assessed with iodide efflux in F508del osteoblasts (cystic fibrosis (CF) cells pretreated with either 10 μM C18 or
dimethylsulfoxide (DMSO) for 24 h). CFTR-dependent chloride transport was assessed in osteoblasts by iodine
quenching of halide-sensitive yellow fluorescent protein (YFP)-H148Q/I152 L protein (Life Technologies, Saint Aubin,
France). The probe was transfected into the cells and, after 48 h culture, conductance was stimulated for CFTR channel
activity with a mixture composed of forskolin, 3-isobutyl-1-methylxanthine and apigenin (each component at a
concentration of 10 μM). Iodine solution (140 mM) was then added and fluorescence was recorded continuously using a
plate reader (400 ms per point; Ft) for a 250-s period (baseline; F0). The decrease in the percentage of Ft/F0 represents
the increase of CFTR chloride conductance. The specific CFTR inhibitor CFTRinh-172 (10 µM for 24 h) was used to
verify that the signal observed was CFTR-mediated in healthy osteoblasts (non-CF), as we previously showed [11]. In
the presence of CFTRinh-172, no decrease in fluorescence level was found in healthy osteoblasts+ CFTRinh-172 (data not
shown) [11]. The initial iodine influx rate following the addition of each solution was computed from changes in YFP
fluorescence using nonlinear regression. For quantitative analysis, the slope of fluorescence quenching was calculated
using a linear regression and correlated to the level of the chloride conductance (iodine uptake). The rate of change in
fluorescence over time in F508del osteoblasts (n=4 CF cells pretreated with either 10 μM C18 or DMSO for 24 h) is
presented in the bar graph. The CFTR corrector C18 ameliorates the RANK ligand (RANKL)/osteoprotegerin (OPG)
mRNA ratio and increases both the cyclo-oxygenase (COX)-2 mRNA expression and prostaglandin (PG)E2 production
in F508del osteoblasts. c) RANKL/OPG mRNA relative expression in F508del osteoblasts compared with healthy
osteoblasts, treated or not with C18. d) Relative expression of COX-2 mRNA in F508del osteoblasts compared to healthy
osteoblasts, treated or not with C18. e) Basal production of COX-2 metabolite PGE2 assessed by enzyme
immunosorbent assay in 24-h supernatants. All experiments were carried out after a 14-day culture-confluent period in
healthy and CF osteoblasts (n=4 healthy donors, n=3 CF patients homozygous for the F508del mutation; n=1 CF
patient heterozygous for the F508del mutation in CFTR), treated or not with C18 (10 μM for 24 h). Real-time PCR data
were calculated following the 2−ΔΔCt method. Each square or triangle represents one donor value; the red bar represents
the median value. *: p<0.05 versus healthy osteoblasts; #: p<0.05 versus untreated F508del osteoblasts.
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contribution by which F508del mutation in CFTR resulted in a severe, defective osteoblast maturation
arising from an increased RANK ligand (RANKL)/OPG mRNA ratio and a drastic reduction in
production of the cyclo-oxygenase (COX)-2 metabolite prostaglandin (PG)E2, a key regulator of bone
turnover [11]. Another report also showed an elevated RANKL/OPG ratio in the serum of children and
adolescents with CF compared with that observed in healthy controls [2].
New treatments that target the F508del mutation through the use of potentiators and correctors of
chloride channels are being developed in the care of CF-related lung pathology. Certain small molecules
defined as “dual-acting potentiator–correctors” with both activities have been shown to partially rescue the
functional expression of F508del-CFTR on the membrane of epithelia in patient-derived airway cultures,
providing the rationale for clinical trials of the best compounds, including VX-809 [12, 13]. Recent in vitro
studies have shed considerable light on the potential mechanism of action of the structurally related
compounds VX-809 and C18 (also known as VRT-534), showing these correctors bind to full-length
F508del-CFTR and enhance the channel-active form of the metastable F508del-CFTR protein after its
biosynthetic rescue [12]. We therefore tested the effect of the corrector C18 on CFTR channel activity, the
expression level of RANKL/OPG mRNA ratio and COX-2/PGE2 expression and production in osteoblasts
with the F508del mutation. F508del osteoblasts were obtained from trabecular bone explants prepared
from rib fragments harvested during lung transplantation, as previously described [11]. Normal
osteoblasts, used as controls, were obtained from fresh trabecular bone explants of healthy young adults
who underwent trauma surgery. The bone samples were obtained with informed patient consent after
approval by the local research ethics committee.
First, we examined the efficacy of C18 in enhancing F508del-CFTR chloride function in primary osteoblast
cell cultures obtained from four different adolescents with CF (three young patients: two 13- and
15-year-old females and a 14-year-old male homozygous for the F508del CFTR mutation, and a
14-year-old male with the heterozygous F508del/G542X mutation in CFTR). C18 was found to greatly
enhance F508del-CFTR channel function in all F508del osteoblast cultures. The extent of functional rescue
caused by C18 treatment was ∼85% of the mean CFTR function measured in healthy osteoblasts as
reported in figure 1a and b. We found a similar functional rescue in F508del osteoblasts when treated with
the small molecule VX-809, a structurally related corrector compound in clinical trials (data not shown).
Secondly, real-time PCR showed that F508del osteoblasts treated with C18 have a 34% reduction of
RANKL/OPG mRNA ratio compared with untreated F508del osteoblasts in which RANKL/OPG ratio was
higher as compared with that found in normal osteoblasts (fig. 1c). Interestingly, we also found that
treatment with C18 resulted in a significant increase of COX-2 expression and PGE2 production in
F508del osteoblasts (fig. 1d and e). Prior reports have shown that COX-2 activity and PGE2 production are
required for a full activation of Wnt/β-catenin signalling pathway in osteoblasts that is critically involved in
the regulation of skeletal growth and efficient bone fracture healing. Moreover, osteoblast differentiation
and maturation of bone marrow stem cells is deficient in the absence of COX-2, and this can be
compensated for by the addition of PGE2 [14].
Clinical trials are underway with the goal of finding new potential treatments that might prevent the
development of CF-related bone disease, including antiresorptive agents such as oral bisphosphonates, and
anabolic agents such as human recombinant growth hormones and parathyroid hormone [1]. A recent
clinical study provides convincing evidence that the oral bisphosphonate alendronate is effective, well
tolerated and safe for young patients with CF [15]. However, the use of bisphosphonates in children with
CF is controversial because of potential long-term safety concerns including oversuppression of bone
formation. The European CF bone mineralisation guidelines recently highlighted controversial issues, such
as the use of bisphosphonates and vitamin D supplementation regimens in children and adolescents,
indicating the need for other therapeutic trials for treating CF-related skeletal deficits [1]. Thus, there is an
urgent need for an efficient and safe antiosteopenic treatment to ameliorate osteoblast activity and, thus,
favour the bone formation in patients with CF.
Therefore, the discovery of CFTR modulators acting as a “dual” F508del-CFTR correctors and
potentiators, such as C18, leading to an increase of COX-2/PGE2 expression and production, and
counteracting an elevated RANKL/OPG ratio in osteoblasts with the F508del mutation, represents a step
forward in the development of potential new therapies to treat bone disease in patients with CF bearing
the F508del mutation.
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