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Unusually common cystic ﬁbrosis mutation in Portugal encodes
a misprocessed protein
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Abstract
A561E, a novel cystic ﬁbrosis (CF) associated mutation in the ﬁrst nucleotide binding domain of CFTR, is the second most
common CF mutation in Portugal. Properties of the A561E-CFTR protein were studied by immunoblotting, pulse-chase, immunocytochemistry, and MQAE halide-eﬄux assay in stably transfected BHK cells. Altogether, results presented here suggest that
A561E causes protein mislocalization in the endoplasmic reticulum where the mutant protein must be trapped by the quality control
mechanism. We conclude that A561E originates a protein traﬃcking defect, thus belonging to class II of CFTR mutations. As it is
the case for F508del-CFTR (the most common CF mutant), low temperature treatment partially rescues a functional A561E-CFTR
channel, suggesting that substitution of glutamic acid for alanine at position 561 does not completely abolish CFTR function.
Pharmacological strategies previously reported for treatment of CF patients with the F508del mutation could thus be also eﬀective
in CF patients bearing the A561E mutation.
Ó 2003 Elsevier Inc. All rights reserved.
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Cystic ﬁbrosis (CF) is a common autosomal recessive
inherited disorder in the Caucasian population [1,2]. The
disease is caused by mutations in the gene coding for the
CF transmembrane conductance regulator (CFTR), a
cAMP-regulated chloride channel that is functional in
the apical surface of epithelial cells [3,4]. About one
thousand diﬀerent disease-causing mutations that aﬀect
diﬀerent aspects of CFTR function have been reported
in the CFTR gene (http://www.genet.sickkids.on.ca/
cftr). The predominant mutation in the CF population,
found in more than 70% of CF patients in Northern
Europe and North America, is the deletion of phenylalanine at position 508 (F508del) in the ﬁrst nucleotide
binding domain (NBD1) [5]. However, in Portugal, the
F508del mutation accounts for only 52% of the CF
genes analysed, the remaining mutations are mostly rare
or even unique to the Portuguese CF population [6].
*
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One of them is the novel CF missense mutation A561E,
in which alanine is replaced by glutamic acid at position
561 of the CFTR polypeptide (http://www.genet.sickkids.on.ca/cftr). The A561E mutation accounts for 3% of
Portuguese CF genes, being the second most frequent
CF mutation in Portugal. Four CF patients have so far
been identiﬁed as homozygous for this mutation
(Pacheco et al., personal communication).
CFTR mutations have been divided into four classes
[7]. Class I mutations (stop and splicing mutations)
prevent or diminish synthesis of the CFTR protein.
Class II mutations are defective in intracellular trafﬁcking as the translated immature forms of these CFTR
mutants are mostly retained in the endoplasmic reticulum (ER) failing to mature into fully glycosylated forms
at the cell membrane. F508del is the prototype example
of the class II mutation. Class III mutations allow
CFTR to be placed at the cell surface but impair its
regulation or cAMP-mediated activation of Cl transport. In Class IV mutations, the CFTR is normally
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localized but has reduced Cl transport in response to
cAMP stimulation.
Recognition of distinct classes of CFTR mutations
has to some extent improved the ability to predict the
course of CF in individual patients and has also stimulated the design of therapeutic strategies directed
at correcting the particular impairment of a speciﬁc
mutation [8].
The aim of the present work was to classify the
A561E mutation into one of the functional defect classes
of CFTR mutations. Therefore, we have stably overexpressed A561E CFTR in a heterologous expression
system, baby hamster kidney (BHK) cell lines, and
analysed them by immunoblotting, pulse-chase, halide
sensitive ﬂuorescent dye assay, and immunocytochemistry in order to characterize the molecular mechanism
of the A561E mutation. The classiﬁcation of A561E
mutation into one of the classes of CFTR mutations will
allow a better understanding of the relationship between
the functional alterations and disease phenotype and
pave the way for designing appropriate pharmacological
interventions in CF patients bearing this particular
mutation.
Materials and methods
Site-directed mutagenesis and expression construct. CFTR cDNA
wild-type (pBQ 4.7) was generously provided by J. Rommens and
L.C.-Tsui (Toronto, Canada). A561E mutation was created in pBQ 4.7
using Muta-gene phagemid in vitro mutagenesis Kit (BioRad
Laboratories, Hercules, CA, USA) according to manufacturer’s
recommendations. The oligonucleotide 50 -CTTTAGCAAGAGAAG
TATACAAAGATGC-30 was used to produce A561E mutation and
the mutants were subsequently conﬁrmed by DNA sequence analysis.
Full-length fragment cut oﬀ from A561E CFTR cDNA/pBQ4.7 was
subcloned into the eukaryotic expression vector pNUT (kindly provided by J. Riordan, Scottsdale, USA).
Production of CFTR expressing BHK. Baby hamster kidney (BHK)
cells were stably transfected with A561E-CFTR pNUT recombinant
vector by using DOTAP (Boehringer Mannheim GmbH, Mannheim,
Germany) following the manufacturer’s recommendations. After 48 h,
500 lM methotrexate was added to the medium. The resistant clones
were isolated about 4 weeks later and the CFTR expression was
screened by Western blotting as described below.
BHK cells stably expressing wild-type (wt)-, F508del-CFTR (both
kindly provided by G. Lukacs, Toronto, Canada) or A561E-CFTR
were cultivated as described [9,10].
Western blotting. Cells were lysed with Laemmli sample buﬀer
(1.5% SDS, 10% glycerol, 0.5 mM dithiothreitol, 31.25 mM Tris, pH
6.8, and 0.001% bromophenol blue) and total protein extracts were
analysed after separation by SDS–PAGE on 7% or 6% polyacrylamide
mini-gels followed by transfer onto nitrocellulose ﬁlters. The ﬁlters
were probed with M3A7 anti-CFTR monoclonal antibody (mAb)
(Chemicon, International, Temecula, CA) and developed using the
ECL detection system (Amersham Biosciences, Uppsala, Sweden).
Pulse-chase and CFTR immunoprecipitation. Metabolic labelling
and immunoprecipitation were carried out essentially as described [11].
After incubation in methionine-free a-minimal essential medium
(MEM) for 30 min, cells were pulse-labelled in the same medium
containing 100 lCi/ml [35 S]methionine (>1000 Ci/mmol; ICN Biomedicals, Irvine, CA, USA) for 30 min at 37 °C. For chasing, the la-

belling medium was replaced with 5% serum and 1 mM methionine at
indicated times. Cells were then lysed in 1 ml RIPA buﬀer (150 mM
NaCl, 50 mM Tris, 1% deoxycholic acid; 1% Triton X-100, and 0.1%
SDS, pH 8) supplemented with protease inhibitors (10 lg/ml leupeptin
and pepstatin and 0.5 mM Pefabloc, Boehringer Mannheim). Immunoprecipitates obtained with M3A7 anti-CFTR mAb were analysed by
SDS–PAGE and ﬂuorography. Fluorograms were analysed by ImageMaster software (Amersham Bioscience). Comparisons between
slopes of lines representing degradation rates (regression lines) were
made using a Student’s t test as described before [11].
Immunocytochemistry. Cells (2  104 ) were grown on 8-well chamber slides (Nalge Nunc, Roskilde, Denmark) at 37 or 26 °C for 48 h,
rinsed twice with cold phosphate buﬀered saline (PBS) and ﬁxed in 4%
formaldehyde, 3.7% sucrose in PBS for 30 min at 4 °C. After two
washes with PBS, cells on slides were permeabilized with 0.2% Triton
X-100 in PBS for 20 min and washed three times in PBS for 5 min each,
and antigen was blocked with 1% bovine serum albumin (BSA)/PBS
for 45 min prior to incubation overnight at 4 °C with M3A7 antiCFTR mAb. Cells were then washed three times with PBS, for 10 min
each, and incubated with the ﬂuorescein isothiocyanate (FITC)-conjugated anti-mouse IgG (Jackson ImmunoResearch Laboratories,
Baltimore, MD, USA) diluted at 1:100 for 45 min at RT. The slides
were mounted with Vectashield (Vector Laboratories, Burlingame,
CA, USA) containing DAPI (4,6-diamino-2-phenylindole, from Sigma, St. Louis, MO, USA) for nuclei staining and covered with a glass
coverslip. Immunoﬂuorescence staining was observed and recorded on
an Axioskop ﬂuorescence microscope (Zeiss, Jena, Germany) with the
Power Gene 810/Probe & CGH software system (PSI, Chester, UK).
MQAE ﬂuorescence assay. For the Cl eﬄux experiments, cells
were grown to conﬂuence on glass coverslips. As cells do not multiply
at lower temperature (26 °C) they were ﬁrst grown to conﬂuence under
regular conditions (37 °C) and then transferred to lower temperature.
Cells were loaded with 10 lM MQAE (N-(ethoxycarbonylmethyl)6-methoxyquinolinium bromide, from Molecular Probes, Eugene, OR,
USA) in culture medium, for 2–4 h at 37 or 26 °C, respectively. The
coverslips were placed on the bottom of a perfusion chamber on the
stage of an inverted microscope (Nikon Diaphot, Tokyo, Japan). Cells
were then perfused continuously with buﬀer pre-warmed at the desired
temperature.
The experiments were performed by sequential exposure of cells to
a Cl -rich buﬀer containing 140 mM NaCl, 5 mM KCl, 5 mM Hepes,
1 mM MgCl2 , and 5 mM glucose, pH 7.4, followed by exposure to a
Cl -free buﬀer of similar composition, but with NO
3 as the substituting anion (basal eﬄux). Cells were allowed to recover by perfusing
them with the Cl -rich buﬀer and cAMP-stimulated Cl eﬄux was
determined by exposure to Cl -free buﬀer containing 5 lM forskolin
and 100 lM IBMX (both from Sigma).
For the intracellular calibration, a Kþ -rich buﬀer containing
120 mM Kþ , 5 mM Hepes, 5 mM glucose, 1 mM Mg2þ , and various
concentrations of Cl and NO
3 was used at pH 7.2, in the presence of
the ionophores 10 lM tributyltin (Aldrich-Chemie, Steinhem, Germany) and 10 lM nigericin (Molecular Probes). The autoﬂuorescence
of the cells was recorded in a quenching solution containing 150 mM
KSCN and 10 mM Hepes, pH 7.2.
A Quanticell2000 image-processing system (VisiTech International,
Sunderland, UK) provided the excitation light at 355 nm wavelength
(20 nm bandwidth) for 16 ms at an interval of 3–7 s. The emission light
was measured at 460 nm (30 nm bandwidth) using an analogue CCD
camera.
The ﬂuorescence was transformed into Cl concentration using the
results of the intracellular calibration as described elsewhere [12]. For
each experiment, all cells in the optic ﬁeld were analysed (20–40 cells)
and their average response was counted as one experimental data
point. The software GraphPad Prism 3.0 (GraphPad Software, San
Diego, CA, USA) was used to determine the maximal value of the Cl
eﬄux rate. Four to 10 experiments were performed for each condition
tested and results followed a normal distribution. For statistical
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analysis, one-way ANOVA for repeated measurements was used, followed by Bonferroni’s post test.

Results
A561E-CFTR is a misprocessed protein
The A561E mutation was subcloned into the higher
eukaryotic expression vector pNUT and the recombinant vector was stably expressed in BHK cell
lines. Fifteen to 20 clones were evaluated by Western
blotting using the M3A7 CFTR antibody and one of the
positive clones expressing high amounts of A51E-CFTR
was chosen for the subsequent experiments in order to
study the biosynthetic process of this mutant.
Fig. 1A shows the Western blotting of a total protein
extract from one of these BHK cell clones stably expressing A561E analysed in parallel with extracts of

Fig. 1. Western-blotting analysis of BHK cells stably expressing wt-,
F508del- or A561E-CFTR. (A) Eﬀect of A561 mutation in the maturation of CFTR. Cell lysates were prepared (see Materials and methods) from BHK cells non-transfected (50 lg, lane 1), or stably
transfected with wt- (30 lg, lane 2), F508del- (50 lg, lane 2) or A561ECFTR cDNA cloned into pNUT vector (50 lg, lane 4), and resolved
on a 6% SDS–polyacrylamide gel before electrophoretic transfer to
nitrocellulose for immunodetection of CFTR, using M3A7 anti-CFTR
antibody (1:1000). The complex-glycosylated forms of CFTR (band C,
see arrow) are absent in cells expressing A561E or F508del-CFTR. (B)
Eﬀect of low temperature on the traﬃcking defect of A561E- and
F508del-CFTR. BHK cells stably expressing F508del- or A561ECFTR were incubated at 26 °C for 24 h (100 lg/per lane, lanes 3 and 6,
respectively) or for 48 h (100 lg/lane, lanes 4 and 7, respectively) prior
to evaluation by Western-blotting (as described in (A)), for the presence of mature or immature A561E- or F508del-CFTR. To facilitate
immunodetection of the rescued mutant, cells were incubated for 1 h
with cycloheximide (100 lg/ml) prior to analysis. As controls, cell lysates from BHK cells expressing wt- (30 lg, lane 1), F508del- (50 lg,
lane 2) or A561E-CFTR (50 lg, lane 5) grown at 37 °C were also
analysed in parallel. The abundance of complex-glycosylated forms of
wt-, F508del-, and A561E-CFTR persisting in the cell (indicated by
arrows) was calculated from densitometry of immunoblots.
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BHK cells expressing wt- or F508del-CFTR as controls.
Like F508del-CFTR (Fig. 1A, lane 3), A561E-CFTR is
only detected as an immature, ER core-glycosylated
form of CFTR (band B), of 150 kDa in this heterologous expression cell system (Fig. 1A, lane 4). No mature
complex-glycosylated forms (band C) of 170–180 kDa
were detected for A561E-CFTR. Mature CFTR that
traﬃcked to the Golgi, where complex oligosaccharide
processing takes place, was only detected in protein
extracts of BHK cells expressing wt-CFTR (Fig. 1A,
lane 2).
Immunolocalization studies revealed that in contrast
to the wt-CFTR, which is essentially detected in the cell
membrane (Fig. 2A), A561E-CFTR shows the same
prominent ER localization (Fig. 2C) as F508del-CFTR
(Fig. 2B). To assess whether a small amount of A561ECFTR, below the biochemical and immunocytochemical
detection limits, traverses the Golgi to the plasma
membrane, we employed the more sensitive single-cell
membrane halide permeability assay using the Cl indicator MQAE. Fig. 3A (upper panel) shows a rapid
change in MQAE ﬂuorescence on stimulation with
cAMP agonists in BHK cells expressing wt-CFTR indicating the presence of functional CFTR at the plasma
membrane. By contrast, no measurable cAMP-stimulated Cl channel activity was detected in cells expressing A561E- or F508del-CFTR (Fig. 3A, middle and
lower panels, respectively).
Taken together, these data demonstrate that A561ECFTR is misprocessed and retained intracellularly, thus
failing both to localize correctly and to function at the
plasma membrane. Like F508del, the A561E should
thus be included into class II of defective processing
CFTR mutations.

Fig. 2. Immunolocalization of CFTR in BHK cells expressing wt-,
F508del-, or A561E-CFTR. Cells were grown in 8-well chamber slides
and incubated at 37 °C (A–C) or at 26 °C for 24 h (D–F) prior to
analysis by immunocytochemistry (see Materials and methods) using
M3A7 anti-CFTR antibody (1:50). At normal temperature of cell
culture (37 °C), A561E-CFTR (C) is detected strictly in the area
around the nuclei of the cells like F508del-CFTR (B); while wt-CFTR
(A,D) is predominantly located at the plasma membrane. At low
temperature (26 °C), some A561E- and F508del-CFTR are rescued to
the cell surface (see arrows head in (E) and (F)).
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Fig. 3. Chloride eﬄux studied by MQAE ﬂuorescence. (A) Characteristic records of MQAE ﬂuorescence (thin lines) and corresponding intracellular
Cl concentration (thick lines) in BHK cells stably expressing wt-, F508del- or A561E-CFTR. The rectangle above the time axis indicates the
concentration of Cl (in mM) in the extracellular solution bathing the cell. It also indicates the presence of agonists (5 lM forskolin + 100 lM IBMX)
and ionophores (10 lM tributyltin + 10 lM nigericin). (B) Eﬀect of low temperature on Cl concentration and eﬄux in BHK cells stably expressing
wt-, F508del- or A561E-CFTR. The Cl eﬄux was induced by changing the concentration of Cl in the extracellular solution bathing the cells as
indicated by the rectangles above the time axis, in the absence or presence of cAMP agonists (basal, respectively, stimulated eﬄux). Experimental
data are displayed by indicated symbols while the continuous lines were obtained by computer ﬁtting to an exponential function. (C) Eﬀect of low
temperature incubation on the cAMP-stimulated Cl eﬄux rates. The basal eﬄux values were subtracted from the stimulated eﬄux values for each
individual experiment (matched data) and results are illustrated as means  standard error of the mean. Signiﬁcant diﬀerence from control (see
Materials and methods) is indicated by * (p < 0:05) and ** (p < 0:01).
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The turnover rates of A561E-CFTR are similar to those
of F508del-CFTR
To study whether A561E-CFTR and F508del-CFTR
have the same biogenesis and kinetics degradation, we
analysed these two mutants and the wt-protein by pulsechase technique. After pulse labelling the transfected
cells for 30 min with [35 S]methionine, CFTR was
immunoprecipitated and analysed by SDS–PAGE
(Fig. 4A). As reported earlier [11,13,14], newly synthesized wt- and F508del-CFTR (0 min chase) migrate as
multiple bands of 130–150 kDa (also known as band B).
The newly synthesized immature form of A561E-CFTR
migrates with the same molecular mass of wt- and
F508del-CFTR (Fig. 4A).
Following the chase (0.5, 1, 2, and 3 h), the coreglycosylated form of wt-CFTR disappears gradually,
with a half-life (t1=2 ) of 30–45 min. A fraction of the labelled protein (50%) is converted to a species of higher
molecular mass (170–180 kDa, also known as band C)
after 3 h of chase.
The pulse-labelled core-glycosylated F508del-CFTR
is not processed to the complex-glycosylated species in
these cells and almost disappears after 2 h. Here, we
observed the same phenomenon for A561E-CFTR.
Multiple pulse-chase experiments (n ¼ 3) indicate that
the t1=2 of immature core-glycosylated A561E-CFTR
was very similar to that of F508del-CFTR, around
40 min, which is slightly lower than that of the wt CFTR
in BHK cells as described by Luckas et al. [11,14]
(Fig. 4C).
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As the immature A561E-CFTR is not converted into
band C, its turnover corresponds solely to protein degradation. Therefore, we suggest that the A561E mutation does not signiﬁcantly alter the susceptibility to
degradation of the newly synthesized protein.
Low temperature partially restores A561E-CFTR trafﬁcking defect
Reduced temperature is thought to partially revert the
folding defect of F508del-CFTR and thus promote the
traﬃc of functional channels to the cell surface [15–18].
To examine whether the processing defect of A561ECFTR can be overcome by low temperature treatment,
similar to F508del-CFTR, BHK cells overexpressing
this mutant were incubated at 26 °C for 24 or 48 h and
analysed by Western blotting (Fig. 1B). To facilitate
immunodetection of the rescued mutant protein, cells
were incubated for 1 h with a protein synthesis inhibitor,
cycloheximide (100 lg/ml), before analysis [18]. Fig. 1B
shows that mature forms of A561E and F508del-CFTR
(band C) were readily detected in cells incubated at
26 °C for 24 and 48 h (lanes 6/7 and 3/4, respectively).
Densitometric analysis revealed that the amount of
rescued band C of either A561E or F508del does not
increase upon longer incubation (48 h) at 26 °C. This
result suggests that incubation at low temperature for
longer periods does not cause a signiﬁcant cumulative
rescue eﬀect on those CFTR mutants.
At low temperature, some A561E-CFTR and
F508del-CFTR were also detectable by immunocyto-

Fig. 4. Turnover rates of Wt, F508del- and A561E-CFTR in BHK cells. (A) Pulse-chase experiments followed by immunoprecipitation of wt-,
F508del-, and A561E-CFTR. F508del- and A561E-CFTR proteins are synthesized as 140 kDa precursors that are very rapidly (t1=2 < 30 min) degraded with no apparent conversion to mature forms (fully glycosylated) in contrast to wt-CFTR. (B) Quantiﬁcation of ﬂuorographic data of
F508del-CFTR and A561E-CFTR experiments (n ¼ 3/each). P is the amount of protein at time t and P0 is the amount of protein at the start of the
experiment (chase t ¼ 0). No signiﬁcant diﬀerences are found between the turnover kinetics of immature forms of both F508del- and A561E-CFTR.
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chemistry at the plasma membrane of the cells (Figs. 2E
and F).
Additionally, the MQAE ﬂuorescence assay also
demonstrates that cells expressing A561E- or F508delCFTR generate cAMP-stimulated Cl eﬄux after incubation at low temperature for 24 or 48 h (Fig. 3B),
albeit to a lesser extent than that observed for wt-CFTR
(Fig. 3C). The low temperature treatment slightly decreases cAMP-stimulated Cl eﬄux in cells expressing
wt-CFTR. However, the diﬀerence in the amplitude of
response to cAMP agonists between the cells expressing
wt-CFTR and cells expressing CFTR mutants remains
signiﬁcant, even following growth at low temperature
suggesting that low thermal treatment only partially
corrects the traﬃcking defect of both A561E- and
F508del-CFTR.
Taken together all data strongly indicate that A561ECFTR is a temperature-sensitive traﬃc mutant. Functional cAMP-stimulated A561E-CFTR Cl channel
activity in the plasma membrane can be promoted by
reduced temperature treatment. The substitution of
glutamic acid for alanine at position 561 of CFTR does
not completely abolish CFTR function once the trafﬁcking defect is corrected.

Discussion
New pharmacological therapies targeted towards
speciﬁc, relatively common CFTR mutations are being
developed for the treatment of CF [8,19,20]. The majority of CF patients are compound heterozygous for
F508del, a class II mutation described to cause major
protein misfolding and premature degradation in the ER
[15]. However, in addition to F508del, about one thousand mutations can impair the cAMP-dependent CFTR
Cl activity by a variety of mechanisms. Classifying these
mutations by the nature of the resulting defect stimulates
the design of speciﬁc therapeutic strategies that will
certainly be beneﬁcial to a broad range of CF patients.
The novel missense mutation A561E, located in exon
12, is part of a cluster of missense mutations that aﬀect
the highly conserved amino acid residues, between the
signature (C) and Walker B motifs within the NBD1 of
CFTR (Fig. 5). In Portugal, A561E is the second most
frequent CF mutation, accounting for 3% of CF alleles.
To date, 14 patients carrying A561E were identiﬁed in
Portugal; nine are compound heterozygotes with
F508del, one with G542X and four are homozygous for
A561E mutation (Pacheco et al., personal communication and manuscript in preparation). The clinical features of these patients seem indistinguishable from those
of F508del homozygotes, except for the fact that they
show less severe pulmonary disease (C. Barreto and H.
Rocha personal communications). Functional assessment of native colonic epithelia of patients, including

Fig. 5. F508del- and A561E-CFTR mutations in NBD1. Positions of
F508 and A561 amino acid residues within CFTR NBD1 domain are
indicated by asterisks. The alanine residue at position 561 of CFTR
protein is highly conserved among diﬀerent organisms (adapted from
CFTR protein sequence for 15 species, http://central.igc.gulbenkian.pt/
cftr//downloads/downloads.html).

one homozygote for A561E and another compound
heterozygote for A561E and F508del, showed that
CFTR-mediated Cl secretion is absent in the colon of
these patients (Hirtz et al. 2003, submitted for publication) [21].
In order to explore the molecular mechanism that
leads to defective Cl transport in A561E patients we
have studied the processing, localization, and function
of A561E-CFTR stably overexpressed in BHK cell lines.
The results presented here clearly demonstrate that
A561E has a traﬃcking defect when heterologously expressed in these cells. Like F508del, A561E-CFTR is not
processed correctly and, as a consequence, is not delivered to the plasma membrane of these cells. Therefore,
A561E mutation belongs to the class II of CFTR mutations.
In BHK cells, A561E-CFTR must not acquire its
fully folded native conformation. Indeed, placing the
A561 residue in the homology model of CFTR NBD1,
Dorwart et al. [22] recently suggested that this residue is
deeply buried in this domain and that the A561E mutation probably disrupts its eﬃcient folding. The coreglycosylated immature form of A561E-CFTR must thus
be retained in the ER by its quality control from where it
is degraded.
The properties of A561E-CFTR revert towards those
of wt-CFTR as the incubation temperature is reduced to
26 °C. When the processing defect is (partially) corrected, functional cAMP-regulated Cl channels appear
in the plasma membrane, indicating that A561E mutation does not completely abolish CFTR function.
Based on the results reported here, we hypothesize
that A561E-CFTR can be also re-directed to the normal
protein traﬃcking pathway by manipulation of chaperone protein/CFTR interactions, with chemical chaperones or other drugs that aﬀect gene regulation such as
genistein and xanthine derivatives [20]. Thus, the pharmacological therapies that have been tried for CF patients bearing F508del could be also useful to those with
the A561E mutation.
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