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The journey of a thousand miles
A. Bush and J. Davies

T
reatment of cystic fibrosis (CF) is in a state of transition.
25 yrs ago the emphasis was on the downstream
consequences of the disease, the prevention (as far as

possible) and treatment of airway infection and inflammation,
malabsorption, diabetes, liver disease and the many complica-
tions, such as bone disease and subclinical insulin deficiency,
that have emerged as longevity has increased. In 1989, the CF
gene (CF transmembrane regulator; CFTR) was localised to the
long arm of chromosome 7 [1–3] and confirmed to be a
chloride ion transporter. This has stimulated an explosion of
knowledge about the basic biology of CF. Amongst the many
advances, the recognition [4] that there are different classes of
mutations (table 1) has raised the possibility of genotype
specific therapy, not merely for CF, but also for other genetic
diseases. Perhaps in the future we will be asking not which gene
locus is affected in a given patient, but which class of problem is
the issue. Over-riding premature stop codons (class 1 muta-
tions) may potentially lead to an improvement in other
respiratory diseases (e.g. primary ciliary dyskinesia) and non-
respiratory conditions, such as Duchenne muscular dystrophy.
We stand on the threshold of a new exciting age of treatments
aimed at the basic molecular defect in CF, far upstream from the
catastrophic consequences of CFTR dysfunction on end organs.

However, clear-headed consideration is warranted amongst
the excitement. Despite the brilliance of the scientific insights
which have sprung up from the discovery of CFTR, .20 yrs
later it is sobering to reflect that to date, no single CF patient
has derived clinical benefit from these molecular discoveries.
Thankfully, the speculation of the early 1990s, that gene
therapy would cure CF within 5 yrs, has been replaced by
more realistic prognostications. There are numerous promising
candidates for genotype specific therapies (table 1), including
gene therapy (which is of course potentially applicable
irrespective of genotype), PTC124 [5], vertex compounds (VX-
809 and VX-770) [6, 7], and a whole array of other CFTR
correctors (which increase CFTR trafficking to the cell
membrane) and potentiators (which increase CFTR activity
when it has reached the apical cell membrane) [6]. However, at
the moment they are just that, promising candidates, which
have shown proof of concept biological activity in cellular,
animal and some short-term human studies, but, as yet, no
medium-term therapeutic benefit.

The most common CFTR mutation in white races is DF508, a
class II mutation which leads to abnormal CFTR protein

largely being destroyed intracellularly, and not reaching the
apical cell membrane in any quantity. There has long been
tantalising evidence that mutant DF508 CFTR has chloride
channel activity, for example when cooled to 26uC in the
Xenopus oocyte model [8], suggesting that if it could be made to
escape intracellular destruction, then some amelioration of
disease may be possible. It may be that this strategy might be
augmented by combining a corrector with a potentiator, a
compound which increases the activity of DF508 CFTR at the
apical cell membrane.

Selective inhibitors of the cyclic guanosine monophosphate-
dependent phosphodiesterase type 5 (PDE-5) have been shown
to be useful in erectile dysfunction and pulmonary hyperten-
sion, albeit often at the cost of systemic side-effects. There is
increasing evidence that they can correct chloride transport
both in DF508 CFTR cell lines and DF508 CF mice [9, 10]. In the
animal studies performed to date, these inhibitors have had to
be administered parenterally, which is clearly not ideal when
the target is the airway epithelium. In this issue of the European
Respiratory Journal, LUBAMBA et al. [11] have moved this field
forward with a series of well-performed and technically very
challenging experiments in DF508 CF mice. In summary, they
report: 1) that nebulising the mice in a specially constructed
restraining chamber with any of the PDE-5 inhibitors sildena-
fil, vardenafil or tadalafil led to correction of nasal chloride
transport; 2) correction was greatest with taladafil and least
(although still highly significant) with sildenafil; and 3) the
effects of vardenafil, but not sildenafil, lasted o8 h after a
single treatment. How do these results move the field forward?

There are a number of technical issues which need to be
confronted. We lack any dose–response curves for any of the
inhibitors, and a more complete description of duration of
action is needed. Although the authors have clearly demon-
strated nasal PDE changes in the mice, itself by no means a
trivial exercise, they have neither satisfactorily confirmed that
these were achieved by the inhalational route, nor that any
active substance has reached the lower airway by any route.
The mouse is an obligate nose breather, and it seems likely that
there was aerosol nasal deposition, but the possibility remains
that the mice absorbed the inhibitors after swallowing material
deposited in the pharynx or per-orally by licking deposited
material off their fur, or even by direct transcutaneous
absorption, albeit this last being extremely unlikely. Lower
airway deposition is a complex challenge, particularly in the
presence of airway disease and even with modern nebulisers,
and there is much work to be done before any of these
inhibitors can be brought into human trials using the airborne
route. Furthermore, the lower airway has a rich blood supply,
particularly in CF [12], and even if there is successful
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significant lower airway deposition, absorption into the
circulation and systemic side-effects remain a real possibility.
The final issue is that CFTR is a multifunctional protein, and
the most likely pathophysiological hypothesis for CF lung
disease posits that epithelium sodium channel (ENaC) over-
activity secondary to loss of modulation by CFTR is the key
abnormality [13, 14], and ENaC function was not altered at all
by PDE-5 inhibition.

Nonetheless, this study is a small but significant step forward
on the journey to what must be the ultimate aim, that of
diagnosis of CF by newborn screening and the institution in
very young babies of specific treatment which will correct
CFTR dysfunction, rather than cope with its consequences. In
this context, both safety and, in particular, making sure there
are no unpleasant side-effects of treatment will be paramount.
The use of the inhaled route is significantly more likely to
achieve this; it is difficult to think that the early institution of
lifelong oral treatment with these potent medications will be
acceptable. So the strengths of this contribution are to highlight
that a systemic approach may not be necessary and that
vardenafil, at least, may have a sufficiently long duration of
action to make it a practical therapeutic proposition. However,
much painstaking work remains to be done. The first single
step on the journey of a thousand miles is indeed significant,
but the distance to journey’s end must be clearly perceived.
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TABLE 1 Potential genotype specific therapies for cystic fibrosis

Class number Exemplar mutation Molecular consequence Potential therapy

Class I G542X No CFTR synthesis: premature stop codon PTC124

Class II DF508 CFTR processed incorrectly, does not reach apical cell membrane PDE-5 inhibitors, VX-809

Class III G551D CFTR reaches apical membrane, but channel regulation is abnormal

(open time is reduced)

VX-770

Class IV R334W CFTR reaches apical membrane, but channel conductivity is reduced

Class V R117H Reduced CFTR synthesis (variable with intron 8 5T-7T-9T status)

Class VI 1811+1.6kbA.G CFTR reaches apical cell membrane, but has a shortened half-life due to

more rapid turnover

CFTR: cystic fibrosis transmembrane regulator; PDE-5: phosphodiesterase type 5.
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