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Nonsense mutations inactivate gene function and are the under-
lying cause of a large percentage of the individual cases of many
genetic disorders. PTC124 is an orally bioavailable compound that
promotes readthrough of premature translation termination
codons, suggesting that it may have the potential to treat genetic
diseases caused by nonsense mutations. Using a mouse model for
cystic fibrosis (CF), we show that s.c. injection or oral administra-
tion of PTC124 to Cftr�/� mice expressing a human CFTR-G542X
transgene suppressed the G542X nonsense mutation and restored
a significant amount of human (h)CFTR protein and function.
Translational readthrough of the premature stop codon was dem-
onstrated in this mouse model in two ways. First, immunofluores-
cence staining showed that PTC124 treatment resulted in the
appearance of hCFTR protein at the apical surface of intestinal
glands in Cftr�/� hCFTR-G542X mice. In addition, functional assays
demonstrated that PTC124 treatment restored 24–29% of the
average cAMP-stimulated transepithelial chloride currents ob-
served in wild-type mice. These results indicate that PTC124 can
effectively suppress the hCFTR-G542X nonsense mutation in vivo.
In light of its oral bioavailability, safety toxicology profile in animal
studies, and efficacy with other nonsense alleles, PTC124 has the
potential to be an important therapeutic agent for the treatment
of inherited diseases caused by nonsense mutations.

genetic diseases � readthrough � stop mutations

Cystic fibrosis (CF) is a common autosomal recessive disorder
caused by mutations in the cystic fibrosis transmembrane

conductance regulator (CFTR) gene. The CFTR gene encodes a
cAMP-activated chloride channel that is expressed in epithelial
cells of the lung, pancreas, intestine, and male reproductive
system (1). Mutations in the CFTR gene frequently lead to severe
and chronic respiratory infections that result in respiratory
failure and premature death. Although the CFTR-�F508 muta-
tion is found in approximately two-thirds of CF patients, �10%
of CF patients carry an in-frame nonsense mutation that pro-
motes premature termination of translation of the CFTR mRNA
(2). Of these mutations, CFTR-G542X is the most common.

Nonsense mutations have been implicated in numerous other
inherited diseases and several cancers (3). Given the large
number of individuals collectively aff licted by the consequences
of these mutations, a therapeutic approach to their suppression
could be of considerable benefit to a patient population that has
a substantial unmet medical need. Previous studies have dem-
onstrated that aminoglycoside antibiotics have nonsense-
suppressing activity. G418 and gentamicin were shown to
suppress common CFTR nonsense mutations in cultured human
cells (4–6), and gentamicin and amikacin suppressed a human
CFTR nonsense allele expressed in a transgenic mouse model for
CF (7, 8). Three pilot clinical trials have also provided evidence
that gentamicin can suppress nonsense mutations in CF patients
(9–11). Despite these promising results, significant limitations
are associated with the use of aminoglycoside therapy for
nonsense mutations that cause inherited diseases (12, 13).

The need for compounds that can provide safe and convenient
suppression of nonsense mutations that cause human diseases
recently led to the development of PTC124 (14). This chemical
entity, an orally bioavailable 284 D-1,2,4-oxadiazole, induces
dose-dependent suppression of premature translational termi-
nation without concomitant effects on normal termination or
mRNA decay (14). PTC124 treatment elicits little off-target
activity, and a comprehensive pharmacological and toxicological
analysis found that PTC124 was well tolerated in human subjects
at plasma levels in excess of those required for the suppression
of premature translational termination in cell culture and in
animal models (15).

The ability of PTC124 to restore the in vivo functional activity
of genes harboring nonsense mutations was originally tested in
mice and humans with mutations in the dystrophin gene (14). To
establish firmly that this compound treats the underlying gene
expression defect and that PTC124 treatment could be applica-
ble to numerous other nonsense mutation-mediated inherited
diseases, it is essential to examine other models of such diseases.
Accordingly, in the present work we show that subcutaneous
(s.c.) or oral administration of PTC124 suppressed the G542X
mutation in a CF mouse model that expressed a human CFTR-
G542X transgene in a Cftr�/� background, leading to a signif-
icant restoration of CFTR expression and function. These results
indicate that PTC124 is not only a chemical agent for the
suppression of nonsense mutations that cause CF and Duchenne
muscular dystrophy, but that this investigational drug may also
have broader clinical applicability for the subset of patients that
suffer from other inherited disorders attributable to nonsense
mutations.

Results
Subcutaneous Injection of PTC124 Suppresses Nonsense Mutations
and Induces hCFTR Expression in Cftr�/� hCFTR-G542X Mice. We
constructed a CF transgenic mouse model that expressed a
human CFTR (hCFTR) cDNA containing the G542X premature
stop mutation in a mouse line that carried a knockout of the
endogenous Cftr locus (referred to hereafter as the Cftr�/�
hCFTR-G542X mouse line) (8). Although chronic lung infec-
tions are the primary cause of morbidity in CF patients (16), lung
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pathology is not observed in CF mouse models. Instead, the
primary morbidity observed in CF mice is intestinal blockage
that leads to high mortality after weaning (17). Because of these
differences, we used the compact, intestine-specific rat fatty
acid-binding protein (FABP) promoter to drive expression of the
CFTR-G542X transgene. This Cftr�/� hCFTR-G542X mouse
model was used to show that both gentamicin and amikacin
could suppress the hCFTR-G542X mutation and partially restore
CFTR protein expression and function (7, 8).

To examine the ability of PTC124 to suppress the hCFTR-
G542X mutation in vivo, once daily s.c. injections of PTC124
were administered to Cftr�/� hCFTR-G542X mice at dosages of
60, 30, or 15 mg/kg body weight for 14–21 days. Previous studies
with i.p. injection of PTC124 in mdx mice suggested that single
doses in this range would lead to plasma levels of the drug that
were transiently within the lower range at which suppression was
observed (14). The mice were then killed, and intestinal tissues
were harvested for immunofluorescence staining to determine
whether hCFTR protein could be detected. Earlier work with
this mouse model showed that gentamicin or amikacin treatment
resulted in the appearance of hCFTR protein primarily at the
apical surface of epithelial cells of submucosal glands in the
duodenum (7, 8). As shown in Fig. 1, no hCFTR protein was
detected in this area (or any other area of the intestine) in
samples analyzed with preimmune serum. Similarly, no hCFTR
protein was detected in intestinal tissues from untreated Cftr�/�
hCFTR-G542X mice with hCFTR-specific antiserum. However,
strong hCFTR staining was observed at the apical surface of
epithelial cells in submucosal glands from Cftr�/� hCFTR-
G542X mice treated with 60 mg/kg PTC124 and, as observed, in
tissues from mice treated with 34 mg/kg gentamicin. Much
weaker staining was detected in submucosal glands from mice
treated with 30 mg/kg PTC124, whereas no signal could be
detected in mice treated with 15 mg/kg PTC124. These results
indicate that PTC124 can suppress the G542X mutation and
partially restore hCFTR protein expression in Cftr�/� hCFTR-
G542X mice.

Subcutaneous Injection of PTC124 Partially Restores cAMP-Stimulated
Chloride Channel Activity in Cftr�/� hCFTR-G542X Mice. The hCFTR
protein is a cAMP-activated chloride channel that facilitates
transepithelial chloride conductance. We reported that cAMP-
dependent transepithelial chloride conductance appeared in
intestinal tissues of Cftr�/� hCFTR-G542X mice after treatment
with 34 mg/kg gentamicin (7, 8). Hence, we asked whether the
s.c. administration of 60 mg/kg PTC124 could also induce the
appearance of cAMP-dependent transepithelial chloride
currents in intestinal tissues from these mice. Supporting infor-
mation (SI) Fig. 7 shows representative short-circuit current
tracings obtained from Cftr�/� mice, untreated Cftr�/�
hCFTR-G542X mice, and Cftr�/� hCFTR-G542X mice treated
with once daily s.c. injections of either 60 mg/kg PTC124 or 34
mg/kg gentamicin. The intestinal tissues harvested from
untreated Cftr�/� hCFTR-G542X mice showed no change in
short-circuit currents after the addition of forskolin, a cAMP
agonist. In contrast, forskolin addition frequently induced an
increase in short-circuit current in intestinal tissues from
Cftr�/� hCFTR-G542X mice injected with 60 mg/kg PTC124 or
34 mg/kg gentamicin once a day for 14–21 days.

Fig. 2 summarizes the data collected from short-circuit current
measurements from intestinal tissues harvested from untreated
Cftr�/� hCFTR-G542X mice, Cftr�/� hCFTR-G542X mice
treated with three different dosages of PTC124 for 14–21 days,
or Cftr�/� hCFTR-G542X mice treated with 34 mg/kg genta-
micin for 14–21 days. In all cases, PTC124 or gentamicin was
administered once daily by s.c. injection. In untreated Cftr�/�
hCFTR-G542X mice, we detected cAMP-stimulated short-
circuit currents in only 8% of samples (1 of 12), resulting in an
average current of 0.20 �A/cm2. In the Cftr�/� hCFTR-G542X
mice treated with 60 mg/kg PTC124, 47% of samples (8 of 17)
showed a positive reaction after the addition of forskolin,
resulting in an average current of 1.66 �A/cm2. Similarly,
Cftr�/� hCFTR-G542X mice treated with 34 mg/kg gentamicin
manifested cAMP-stimulated short-circuit currents in 63% of
samples (5 of 8), resulting in an average current of 1.67 �A/cm2.
These results indicate that the administration of 60 mg/kg
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Fig. 1. hCFTR expression in submucosal glands of intestinal tissues from mice treated with PTC124 by once daily s.c. injections. Samples were prepared from
the duodenum of untreated Cftr�/� hCFTR-G542X mice and Cftr�/� hCFTR-G542X mice treated with 15, 30, or 60 mg/kg PTC124. Intestinal tissues from Cftr�/�
hCFTR-G542X mice treated with 34 mg/kg gentamicin by the same administration protocol were also examined as a positive control. For immunofluorescence
assays, samples were incubated with either preimmune or hCFTR-NBD1 serum. After incubation of the sample with a fluorescent secondary antibody, the samples
were visualized by fluorescence microscopy. (Magnification, �400.)
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PTC124 to Cftr�/� hCFTR-G542X mice once daily by s.c.
injection produced a statistically significant increase (P � 0.05)
in cAMP-stimulated transepithelial chloride currents in intesti-
nal tissues relative to untreated controls, resulting in 29% of the
mean cAMP-stimulated short currents measured in wild-type
mice. These results are consistent with our finding that the same
dose of PTC124 restored hCFTR protein expression as indicated
by immunofluorescence experiments. The s.c. administration of
PTC124 at 30 or 15 mg/kg once daily did not show a significant
increase in cAMP-stimulated short currents after forskolin
addition relative to untreated Cftr�/� hCFTR-G542X mice,
indicating that 60 mg/kg PTC124 is the minimal effective dose
with this administration protocol. Finally, we also treated
Cftr�/� mice with 60 mg/kg PTC124 by s.c. injection once daily
for 14–21 days. We found that 100% of samples (10 of 10)
provided positive cAMP-stimulated short-circuit currents, with
an average current of 5.78 �A/cm2. Because these values were
not significantly different from untreated Cftr�/� mice, we
conclude that the administration of PTC124 does not alter the
magnitude of cAMP-stimulated transepithelial chloride currents
resulting from the endogenous mouse CFTR protein.

Oral Administration of PTC124 Partially Restores hCFTR Protein Ex-
pression and cAMP-Stimulated Chloride Channel Activity in Cftr�/�
hCFTR-G542X Mice. The results above indicated that once daily s.c.
injection of 60 mg/kg PTC124 suppressed the G542X mutation
in Cftr�/� hCFTR-G542X mice and restored the expression of
functional hCFTR protein. To determine serum levels resulting
from this administration protocol, age-matched Cftr�/�
hCFTR-G542X mice were injected with 60 mg/kg PTC124, and
orbital blood was collected at various times after injection (Fig.
3A). We observed a PTC124 peak serum concentration of 10
�g/ml 15 min after injection that dropped to 0.1 �g/ml (a
100-fold decrease) by 5 h (300 min) after injection. Because

previous studies with mdx mice demonstrated that optimal
nonsense suppression occurred when plasma concentrations of
PTC124 were maintained at 5–10 �g/ml (14), these results both
provided an explanation for the weak nonsense suppression
activity of the 30 and 15 mg/kg doses and suggested that an
alternative dosing regimen might prove more effective.

Because of the potential for intestinal blockage in Cftr�/�
hCFTR-G542X mice, these animals are routinely fed a liquid
complete diet (Peptamen Complete Elemental Diet; Nestlé)
upon weaning to promote survival. To identify an oral dose of
PTC124 that might provide a therapeutic benefit, the compound
was dissolved in the liquid diet at two concentrations (0.3 and 0.9
mg/ml) and given to Cftr�/� hCFTR-G542X mice as the sole
source of food and water for 2–6 days. Blood was then collected
from six mice treated with each drug concentration, and the
serum levels of PTC124 were determined (Fig. 3B, Left). In mice
fed the liquid diet with 0.3 mg/ml PTC124, serum levels ranged
from 0.9 to 5.9 �g/ml, with an average serum concentration of
3.6 �g/ml. In mice provided the liquid diet with 0.9 mg/ml
PTC124, the serum concentration ranged from 4.5 to 42.2 �g/ml,
with an average of 16.4 �g/ml.

Because the average serum levels obtained by oral adminis-
tration with these doses of PTC124 effectively bracketed the
peak serum levels obtained immediately after s.c. injection and
the optimal dosing established in the mdx studies, Cftr�/�
hCFTR-G542X mice were fed the Peptamen liquid diet contain-
ing 0.3 or 0.9 mg/ml PTC124 for 14–21 days to determine
whether this dosing protocol could lead to effective suppression
of the G542X mutation. Once the treatment period was com-
pleted, blood was collected from five mice treated with each drug
concentration, and the serum levels of PTC124 were again
determined (Fig. 3B, Right). In mice fed a liquid diet containing
0.3 mg/ml PTC124, serum levels ranged from 0.3 to 2.2 �g/ml,
with an average serum level of 1.4 �g/ml. In mice maintained on
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Fig. 2. Effect of PTC124 s.c. injection on cAMP-stimulated transepithelial chloride currents in intestinal tissues from Cftr�/� hCFTR-G542X and Cftr�/� mice.
(Upper) Individual data points from short-circuit current measurements. (Lower) Analysis of the data. P values comparing all data points from treated and
untreated mice were calculated with Student’s t test. P � 0.05 was considered significant.
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a liquid diet with 0.9 mg/ml PTC124, the serum concentration
ranged from 4.2 to 74.1 �g/ml, with an average of 28.0 �g/ml. The
variability in serum levels of PTC124 observed under each
condition was probably caused by the mice consuming different
amounts of the liquid diet (and corresponding differences in the
amount of PTC124) before serum collection.

To determine whether hCFTR protein could be detected after
oral administration of PTC124, intestinal tissues were harvested
and assayed by immunofluorescence with either preimmune
serum or an hCFTR-specific polyclonal antiserum (Fig. 4). No
hCFTR protein was detected in the intestines of treated Cftr�/�
hCFTR-G542X mice with preimmune serum. However, strong
hCFTR protein staining was detected at the apical surface of
epithelial cells in the submucosal glands from mice treated with
either 0.3 or 0.9 mg/ml PTC124 and hCFTR-specific antiserum.
These results indicated that oral administration of PTC124 could
partially restore hCFTR protein expression in Cftr�/� hCFTR-
G542X mice.

We also examined cAMP-activated transepithelial chloride
currents in intestinal tissues from mice that were fed the
Peptamen liquid diet containing 0.3 mg/ml or 0.9 mg/ml PTC124
for 14–21 days (Fig. 5). We found that intestinal tissues harvested
from Cftr�/� hCFTR-G542X mice fed the liquid diet with 0.3
mg/ml PTC124 yielded cAMP-stimulated short-circuit currents
in 29% of intestinal tissues assayed (7 of 24), resulting in an
average currents of 0.91 �A/cm2. When mice were fed the
Peptamen diet containing 0.9 mg/ml PTC124, cAMP-activated
short-circuit currents were observed in 45% of intestinal samples
(5 of 11), resulting in an average current of 1.35 �A/cm2. These
results indicate that both doses of PTC124 resulted in statistically
significant increases (P value �0.05) in cAMP-stimulated trans-
epithelial chloride currents relative to untreated controls, con-
sistent with the increased hCFTR protein expression observed in
the immunofluorescence assays. The mean cAMP-stimulated
short-circuit currents observed in Cftr�/� hCFTR-G542X mice

fed the liquid diet with 0.9 mg/ml PTC124 was 24% of the
average cAMP-stimulated currents measured in wild-type mice.
This level of correction relative to wild-type mice was close to
that observed when these mice were administered either 60
mg/ml PTC124 or 34 mg/kg gentamicin by once daily s.c.
injection. We also examined the effects of feeding Cftr�/� mice
the Peptamen diet containing 0.9 mg/ml PTC124 for 14–21 days
and found that 100% of samples (13 of 13) exhibited positive
cAMP-stimulated short-circuit currents, with an average current
of 6.15 �A/cm2. This value was not significantly different from
the cAMP-stimulated short-circuit currents observed in un-
treated Cftr�/� mice (5.72 �A/cm2). Finally, cAMP-stimulated
short-circuit currents were not observed in Cftr�/� knockout
mice that lacked the hCFTR-G542X transgene, regardless of
whether they were untreated or treated with 0.9 mg/ml PTC124.
This result confirmed that the CFTR function observed after
PTC124 treatment depends on the presence of the hCFTR-
G542X transgene, consistent with a role for PTC124 in inducing
readthrough of premature translation termination codons.

mRNA Levels from the hCFTR Transgene After PTC124 Administration.
Premature translation termination frequently promotes rapid
mRNA destabilization by the process of nonsense-mediated
mRNA decay (NMD) (18). Hence, although PTC124 is thought
to have a direct effect on nonsense codon readthrough (14), it is
formally possible that the ability of the drug to suppress the
hCFTR-G542X mutation is attributable to an effect on mRNA
stability. However, RT-PCR analysis demonstrated that there
were comparable levels of mRNA from the hCFTR-G542X
transgene in untreated mice and in mice treated with 0.9 mg/ml
PTC124 in the liquid diet (Fig. 6). This result is consistent with
the notion that PTC124 selectively promotes translational
readthrough of premature nonsense codons without any effect
on NMD or other aspects of mRNA stability (14).

Discussion
PTC124 is a compound recently shown to be a potential ther-
apeutic for genetic disorders caused by nonsense mutations (14).
However, the ability of PTC124 to restore gene function has so
far only been shown with dystrophin and LUC reporter nonsense
alleles. Here, we have provided additional evidence that PTC124
functions more broadly in promoting nonsense suppression. In
this work, we found that the administration of 60 mg/kg PTC124
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to Cftr�/� hCFTR-G542X mice by s.c. injection restored 29% of
the normal intestinal transepithelial cAMP-stimulated short-
circuit currents observed in Cftr�/� mice. Similarly, feeding
these mice a liquid Peptamen diet that contained 0.9 mg/ml
PTC124 restored 24% of the normal intestinal transepithelial
cAMP-stimulated short-circuit currents observed in Cftr�/�
mice. Although these levels of hCFTR activity were similar to the
29% of cAMP-stimulated transepithelial chloride currents re-
stored by the administration of 34 mg/kg gentamicin, it should be
noted that this dose of gentamicin has been shown to produce a
peak serum level (�60 �g/ml) that is well beyond that recom-
mended for human use.

Our data indicate that the human CFTR protein produced by
suppression of the nonsense mutation in Cftr�/� hCFTR-
G542X mice is located primarily at the epithelial surface of the
submucosal glands in the duodenum. In contrast, murine CFTR
is normally found at the epithelial surface of the crypts of
Lieberkuhn in the colon, ileum, and jejunum. To determine
whether the suppressed level of CFTR expression can prevent
the frequent intestinal blockage associated with the lack of
functional CFTR protein, we are currently making a knockin
Cftr-G542X mouse that will have a normal distribution of CFTR
expression.

We observed an occasional weak cAMP-stimulated current in
intestinal tissues from Cftr�/� hCFTR-G542X mice in the
absence of any treatment but not in Cftr�/� knockout mice that
lacked the transgene (see Fig. 5). These data suggest that there
may be a low level of endogenous readthrough of the premature
stop codon in Cftr�/� hCFTR-G542X mice that we occasionally
detect because such residual activity would not be observed in
Cftr�/� knockout mice that lack the hCFTR-G542X transgene.
Previous studies have shown that some nonsense codons (par-
ticularly UGA codons like that encoded by the G542X mutation)
have a higher basal level of readthrough and are more suscep-
tible to readthrough induced by aminoglycosides than other stop
codons (19–21). This finding suggests that such nonsense mu-
tations should not necessarily be considered to be complete
‘‘null’’ alleles in this (or other) animal disease models.

PTC124 has two clear advantages as a potential therapeutic
for the suppression of nonsense mutations. First, PTC124 has
thus far demonstrated an appropriate safety toxicology profile in
animal models and in human subjects (14, 15). Second, because
pharmacological suppression of premature stop mutations as a
therapy to treat genetic disease will require administration of the
compound at regular intervals throughout a patient’s life, the
oral bioavailability of PTC124 provides another clear advantage
over aminoglycosides. The latter are not absorbed through the
digestive system and must be administered by intramuscular or
s.c. injection.

In conclusion, our results demonstrate that PTC124 induces
readthrough of the premature translation termination codon
encoded by the hCFTR-G542X nonsense mutation, resulting in
the partial restoration of CFTR protein and cAMP-activated
chloride currents in the intestines of Cftr�/� hCFTR-G542X
transgenic mice. These results begin to demonstrate the potential
applicability of this investigational drug to both Duchenne
muscular dystrophy and cystic fibrosis and suggest that PTC124
represents an important chemical entity for the potential treat-
ment of genetic disorders caused by nonsense mutations.
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Fig. 5. Effect of PTC124 oral administration on cAMP-stimulated transepithelial chloride currents in intestinal tissues from Cftr�/� hCFTR-G542X, Cftr�/�, and
Cftr�/� mice. (Upper) Individual data points from short-circuit current measurements. (Lower) Analysis of the data. P values comparing all data points from
treated and untreated mice were calculated with Student’s t test. P � 0.05 was considered significant.

Fig. 6. RT-PCR detection of hCFTR mRNA in untreated Cftr�/� hCFTR-G542X
mice and Cftr�/� hCFTR-G542X mice treated with an oral dose of 0.9 mg/ml
PTC124.

2068 � www.pnas.org�cgi�doi�10.1073�pnas.0711795105 Du et al.



Materials and Methods
Transgenic Mice. The rat FABP promoter was used to drive expression of the
hCFTR transgene that contained the G542X (UGA) premature stop mutation.
The plasmid construction of the FABP-hCFTR-G542X transgene and genera-
tion of the Cftr�/� hCFTR-G542X mouse were described in refs. 7 and 8.
Control Cftr�/� mice were C57BL/6J, whereas control Cftr�/� mice were
C57BL/6 Cftrtm1Unc.

Administration Protocols. Subcutaneous injections with the indicated doses of
PTC124 or gentamicin were made in the hind limb of age-matched Cftr�/�
hCFTR-G542X mice. Treatments were initiated 16 days after birth (1 week
before weaning) and continued once daily until the animals were killed for
analysis. Whenever possible, littermates were divided into treatment and
control groups. Because of the potential for intestinal blockage in Cftr�/�
hCFTR-G542X mice, they were maintained on a liquid diet (Peptamen) after
weaning, and other food and water were withheld. Control mice were main-
tained in a similar manner. This treatment was continued for the indicated
time period, and mice were then killed for analysis.

Analysis of PTC124 Levels in Blood. Orbital blood was obtained from age-
matched mice at various times after s.c. or oral administration of PTC124 for
the indicated time period. To determine serum levels, PTC124 and an internal
standard were extracted from plasma by solid-phase extraction on a hydro-
philic–lipophilic balanced support in a 96-well plate format. The extraction
plate was washed with organic solvent and then conditioned with water.
Samples were loaded, washed with water, and then eluted with methanol.
The extracts were analyzed by liquid chromatography/tandem mass spectrom-
etry. Concentrations of PTC124 were determined by a least-squares linear
regression with 1/concentration2 as a weighing factor. The standard curve for
the analysis ranged from 5 ng/ml to 100 ng/ml for PTC124 based on 50 �l of
mouse serum. These values were fixed as the lower and upper limits of
quantitation, respectively. Samples were diluted to ensure that the final
concentration was within the linear range of quantitation.

Immunofluorescence. Immunofluorescence experiments were carried out es-
sentially as described in refs. 7 and 8. Immediately after the mice were killed,
their intestinal tissue was placed in a cryomold (Miles Laboratories) containing
optimum cutting temperature (OCT) embedding medium. Samples were
flash-frozen by immersion in a metal cup filled with 2-methylbutane pre-
chilled with liquid nitrogen. Frozen blocks were then sectioned with a cryo-
stat. Five-micrometer sections were collected and fixed in 3% formaldehyde in
PBS for 45 min at room temperature. After blocking with 50–100% normal
goat serum for 1 h at room temperature to reduce nonspecific antibody
binding, samples were incubated with a 1/200 dilution of either the hCFTR
polyclonal rabbit antiserum 4562 or preimmune serum for 1 h at 37°C. The
samples were washed with four changes of PBS and again blocked with

50–100% normal goat serum for 1 h at room temperature. The samples were
then incubated for 1 h at 37°C with 25 �g/ml goat anti-rabbit IgG conjugated
to Alexa Fluor-488 (A-11001;Molecular Probes). Finally, samples were washed
twice with PBS and incubated with 20 �g/ml Hoechst 33258 for 4 min at room
temperature. This CFTR-specific antiserum was raised against an antigen that
included hCFTR-NBD1 and a portion of the R domain (hCFTR amino acids
521–828) fused to the Escherichia coli TrpE protein (22).

Short-Circuit Current Measurements. Four intestinal tissue segments of �5 mm
in length (one from duodenum, two from jejunum, and one from ileum) were
placed in a PBS solution containing tetrodotoxin (3.3 � 10�4 �M) for at least
10 min to block sodium channels activated by action potentials. The intestinal
segments were mounted as a flat sheet in a modified Ussing chamber (area of
�0.16 cm2), and short-circuit recordings were made as described (7, 8, 23). The
mucosal bathing solution (37°C, pH 7.4) contained 167.2 mM Na�, 5 mM K�,
6 mM Cl�, 1.2 mM Ca2�, 1.2 mM Mg2�, 25 mM HCO3

�, 4.2 mM PO4, and 10.8 mM
D-glucose. The serosal surface of the tissue was bathed in a Ringer’s solution
(37°C, pH 7.4) containing 145 mM Na�, 5 mM K�, 124.8 mM Cl�, 1.2 mM Ca2�,
1.2 mM Mg2�, 25 mM HCO3

�, 4.2 mM PO4
2�, and 10 mM D-glucose. Both the

mucosal and serosal solutions were constantly circulated by bubbling 95%
O2/5% CO2 through the solutions. Forskolin (10 �m) was added to both the
mucosal and serosal solutions for at least 10 min while the short-circuit current
was continuously monitored. In all experiments, the current measurements
obtained immediately before and 10 min after forskolin addition were used
to calculate the current change in each sample. See also SI Materials and
Methods.

Detection of hCFTR mRNA Expression. To monitor expression of the hCFTR-
G542X transgene, mRNA was isolated from intestinal tissues of untreated
Cftr�/� hCFTR-G542X mice and Cftr�/� hCFTR-G542X mice treated with 0.9
mg/ml PTC124 in the liquid diet for 17 days. RT-PCR analysis of hCFTR-G542X
mRNA was done by using a SuperScript III one-step RT-PCR system with
platinum Taq polymerase (Invitrogen). The thermal cycler program (Applied
Biosystems 9700) included a cDNA synthesis step (52°C for 30 min), a dena-
turation step (95°C for 5 min), 35 cycles for PCR amplification (95°C for 0.5 min,
60°C for 1 min, 72°C for 1.3 min), and a final extension step (68°C for 7 min).
The primers used to amplify a 1,557-bp fragment from the hCFTR-G542X
mRNA were DB985 (5�-CAAGATAGAA AGAGGACAGT TGTT-3�) and DB986
(5�-TTGAGGGTTG ACATAGGTGC TTGAA-3�). The primers used to amplify a
170-bp actin fragment were DB2783 (5�-CTTCTGCATC CTGTCAGCAA T-3�) and
2784 (5�-GAGGCTCTTT TCCAGCCTTC C-3�).
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