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A Green Light for Stop Mutations

Individuals with Cystic Fibrosis (CF) continue to live longer and
enjoy healthier lives (1). Before the 1980s, about half of those
affected by CF did not live past their teenage years, whereas life
expectancy has improved dramatically in the last three decades.
The discovery of the cftr (cystic fibrosis transmembrane
conductance regulator) gene over 30 years ago led to the
identification of the structure and function of the CFTR chloride
channel and, ultimately, to the era of new therapies. The new drugs
available today are tailored to the different CFTR-class mutations
and represent an important milestone in CF treatment,
revolutionizing patient care. Over 2,000 different mutations in the
CFTR gene that cause CF have been identified so far, with z8%
being nonsense mutations that result in premature cessation of
translation, thereby suppressing CFTR protein synthesis (2).
Premature termination codon (PTC) mutations are present in
z10% of all patients with CF, although the incidence is much
higher in some populations. For example, z85% of patients with
CF of Ashkenazi Jewish descent have at least one premature stop
allele (3). The new therapies aimed at correcting the basic defect
have not been effective in this class of mutation.

Twenty-five years ago, the CF Research team in Birmingham,
Alabama, showed that low-dose aminoglycoside antibiotics can
rescue full-length CFTR expression by suppressing PTCs and
thereby restore cyclic AMP-activated chloride channel activity on
CF epithelia expressing class 1 mutations (4). In a double-blind,
placebo-controlled, crossover study, improvements in CFTR-
specific Cl2 secretion were observed when gentamicin was given
intranasally to patients with CF, most of whom carried PTC on
both alleles. Complete normalization of all electrophysiological
abnormalities caused by the defective CFTR was achieved for 21% of
patients, whereas restoration of either chloride or sodium transport
was reported for 68% (5). Chronic treatment with aminoglycosides
may cause renal and vestibular toxicity and is therefore
contraindicated as a standard treatment for CF. Based on the results
with gentamicin, an oral medication was developed to overcome the
adverse effects of nonsense mutations; this worked by inducing
ribosomal read-through of mRNA containing a premature stop
codon and allowing for the translation of a full-length protein (6).
Although phase 1 and 2 trials seemed to show promising results,
phase 3 trials were inconclusive (7–9); therefore, development of the
drug was not pursued for the treatment of patients with CF.

Another possible treatment for patients with CF carrying these
mutations is ELX-02, an investigational aminoglycoside analog
that acts by inducing read-through of nonsense mutations by
interacting with the ribosome. This results in the production of full-
length functional proteins. Safety and pharmacokinetics have been
evaluated in a phase I study. Forskolin-induced swelling (FIS) of
organoids derived from the G542X mutation treated with ELX-02

has recently been reported (10). These results support the continued
investigation of ELX-02 in phase 2 clinical trials (11).

In recent years, treatments using modulators, correctors, and
potentiators have been developed that are effective treatments for
over 90% of patients with CF. However, only standard CF therapies
are currently available for those carrying the nonsense mutations.

In this issue of the Journal, Mutyam and colleagues (pp. 604–616)
from the CF Research group in Birmingham, Alabama, describe their
finding of a new treatment for patients with premature stop
mutations (12). The combined use of Galapagos/AbbVie CFTR
correctors and potentiators and read-through compounds
augmented the functional repair of CFTR nonsense mutations, thus
indicating the potential for these novel drugs to restore function,
especially to truncated W1282X CFTR. These studies used the
correctors GLPG2222 C1a (derivative of C1), GLPG3221 C2a
(derivative of C2), and the potentiator GLPG1837, alone or in
combination with the read-through compound G418. They
evaluated CFTR function using heterologous Fischer Rat Thyroid
(FRT) cells, genetically engineered human bronchial epithelial (HBE)
cells (16HBE14o-), and primary human cells carrying PTC
mutations. They report that GLPG1837 produced a dose-dependent
increase in CFTR activity that was greater than the maximum activity
achieved by ivacaftor in FRT-W1282X and FRT-R1162X cells. This is
similar to previous results in which GLPG1837 induced greater
activity than ivacaftor in primary HBE cells derived from a patient
with G551D/F508 del mutations (13). Furthermore, they show that
GLPG18371C1a1C2a restored substantial function in G542X/F508
del HBE cells and even more in cells carrying W1282X/F508 del,
largely because of the corrector/potentiator effect, with no additional
benefit from G418.

In organoids with G542X/R553X or R1162X/R1162Xmutations,
enhanced FIS was observed with G4181GLPG18371C1a1C2a,
although GLPG18371C1a1C2a alone was sufficient to improve FIS
in organoids with W1282X/W1282X mutations.

The researchers from the same CF center that performed the
initial research on stop mutations 25 years ago are to be commended
for this work. Their results give hope to individuals with CF who carry
nonsense mutations that are not responsive to modulator therapies.
The goal is tomaximize the effect of stop-codon suppressors on CFTR
while minimizing side effects. Their results represent a first step to a
brighter future for patients with nonsense mutations. Of course, these
promising results need to be confirmed in the CFmouse model with a
stop mutation before proceeding to human testing, but there appears
to be a green light after the stop sign. n
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