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Deficit of osteoprotegerin release by osteoblasts from

a patient with cystic fibrosis
To the Editors:

Cystic fibrosis (CF) is an autosomal recessive disorder caused by
mutations of the CF transmembrane conductance regulator
(CFTR), a cyclic adenosine monophosphate (cAMP)-dependent
anion channel expressed mostly in epithelia. Bone deficiency is
commonly seen in patients with CF and begins at a young age.
Low bone mass affects children and young adults with CF and is
associated with significant morbidity due to fractures and
decreased lung function. Brittle bones in CF disease have been
confirmed by densitometric data, the presence of fractures, and
impaired quality of life of young and adult patients [1]. Whether
or not this is caused by bone disease around puberty due to a
poor acquisition of peak bone mass and worsens with age, lower
bone mineral density (BMD) gains are already being observed in
CF children with mild disease and normal nutritional status,
suggesting that CF-related low BMD may, in part, be due to a
primary defect in bone metabolism [2]. In human bone cells, the
expression of CFTR protein has been identified by immunohis-
tological observations [3]; we further reported the expression of
CFTR mRNA and protein in primary human osteoblasts (the cells
of bone formation) [4]. Although there is a report demonstrating a
direct association between the F508del mutation and CF-related
low BMD in young CF adults with at least one F508del allele [5],
the effect of mutations in CFTR, specifically the F508del allele in
bone cell metabolism is, to date, unknown.

Since its initial discovery in 1997 as a key regulator in bone
density [6], osteoprotegerin (OPG), a product of osteoblasts, is
now well known as an inhibitor of osteoclastogenesis. The OPG
protein has been shown not only to inhibit osteoclast-mediated
bone resorption, but also to exert direct osteoanabolic effects by
increasing alkaline phosphatase activity and mineralisation in
human osteoblasts [7]. To our knowledge, it is not known

whether the F508del mutation in CFTR has a direct effect on
human osteoblast activity.

Here, we report, for the first time, both defective CFTR-mediated
chloride channel activity and a severe deficit of OPG protein
release by osteoblasts of a 25-yr-old CF male with the F508del/
G542X mutation in CFTR. The CFTR-mediated chloride channel
activity and the level of OPG release were investigated in primary
osteoblasts cultured from fresh ankle bone fragments from the
CF patient. Normal human osteoblasts, used as controls, were
obtained from fresh bone fragments of healthy young adults who
underwent trauma surgery. All CF and normal primary
osteoblast cell culture (used at the second to third passage and
after confluence within 6–8 weeks) was performed as previously
described [4]. The bone samples were obtained with informed
patient consent after approval by the local research ethics
committee (Faculty of Medicine, Reims, France).

First, to test the chloride channel activities in primary human
osteoblasts, functional analysis was performed by measuring the
cAMP-regulated and CFTR-dependent iodide efflux in the
presence of a mixture composed of forskolin (an adenylate cyclase
activator raising the cellular cAMP level) and genistein (a direct
activator of CFTR), as previously described [8]. As shown in
figure 1a, a total absence of CFTR-dependent chloride response in
F508del-CFTR osteoblasts was observed compared with normal
osteoblasts. Interestingly, the two calcium-dependent and volume-
dependent chloride channels were found to be fully functional in
both F508del-CFTR and normal osteoblasts. Secondly, we demon-
strated that the level of both basal and stimulated (tumour necrosis
factor-a, 20 ng?mL-1 for 4 h) release of OPG protein (evaluated by
ELISA) in F508del-CFTR osteoblast cultures was approximately
8–10% of that observed in normal osteoblasts (fig. 1b).
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The cause of the CF-related low BMD is multifactorial, including
vitamin K and D insufficiency, calcium malabsorption, malnutri-
tion, glucocorticoid use, delayed puberty, and pulmonary
infection/systemic inflammation [1]. Whether CFTR activity
plays a direct role in BMD is unknown, but this has been
hypothesised on the basis of animal studies with the CFTR-null
mouse. Smaller bones with decreased BMD were found in
CFTR-/- mice, despite no difference in osteoblast and osteoclast
numbers, suggesting that CFTR protein may influence bone cell
activity rather than number [9].

In young adults with CF, levels of serum OPG were found to be
significantly lower when compared with those of normal
controls [10]. Our discovery that there is both a defective
CFTR-mediated chloride activity and a severe deficit of OPG
release by F508del-CFTR osteoblasts increases the interest in the
possible role of the CFTR gene in bone development and
pathophysiological processes. The severe deficit of OPG secre-
tion may explain, in part, the low BMD and enhanced bone
resorptive activity reported in children and young adults with
the F508del mutation [2, 5, 10]. If the key regulatory cascade for
OPG production and release can be elucidated, it can open the
door for a new therapy for CF-related bone disease by means of
controlling OPG production.
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FIGURE 1. a) Chloride channel activities in F508del cystic fibrosis transmembrane conductance regulator (CFTR) and normal primary human osteoblasts. CFTR-

dependent (ClCFTR), calcium-dependent (ClCa) and volume-dependent (Clswell) chloride channels were stimulated with a mixture of forskolin (10 mM) and genistein (30 mM), by

the calcium ionophore A23187 (1 mM) and by a hypo-osmotic challenge, respectively. n54. b) Level of osteoprotegerin (OPG) protein release by cultured F508del-CFTR and

normal primary human osteoblasts maintained for a 4-h period in the absence (-) and presence (+) of tumour necrosis factor (TNF)-a (20 ng?mL-1). n53. Data are presented

as mean¡SEM. NS: nonsignificant. #: p,0.005 compared with normal osteoblasts. ***: p,0.001 compared with normal osteoblasts.
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