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ABSTRACT

Trikafta (elexacaftor/tezacaftor/ivacaftor, ETI) is approved for cystic fibrosis (CF) patients
with at least one F508del mutation in the CFTR gene or another responsive mutation based on
in vitro data. However, the pharmacological effects of ETI on F508del-CFTR remain
incompletely defined in vitro. To explore the mechanisms underlying Trikafta's clinical
efficacy, we used primary bronchial epithelial cells from F508del homozygous patients and
CFBE4lo- cells expressing F508del-CFTR. We assessed CFTR maturation, turnover,
chloride transport, and thermal stability under various ETI concentrations and treatment
durations at physiological temperature using electrophysiology (Ussing chamber, patch-
clamp) and biochemical assays. We found that ETI efficacy on F508del-CFTR is strongly
influenced by both treatment duration and concentration. Reducing ETI from standard doses,
ie. E3 uM), T (18 uM), I (1 uM), to 33%, 11%, 3.3%, and 1.1% decreased function and
maturation, but 33% retained most of the corrective effect. After 2 hours of treatment, around
50% of the CFTR-dependent current was preserved, unlike in untreated cells. Notably,
replacing elexacaftor with bamocaftor further improved F508del-CFTR maturation and
function compared to ETI, though it did not affect the rate of current decline over time. These
findings highlight the importance of optimizing ETI dose and exposure duration, as both
significantly affect F508del-CFTR stability and function. The retained efficacy at reduced
concentrations suggests possible individualized dosing strategies, particularly for patients

experiencing adverse effects with full-dose ETIL.

NEW & NOTEWORTHY

Our in vitro study underscores that ETI/BTI's efficacy in improving F508del-CFTR function
depends on treatment concentration and duration, impacting the protein's metabolic and
thermal stability. Although ETI/BTI only partially addresses F508del-CFTR's inherent
thermal instability, reduced doses retained significant effectiveness. This finding supports
dose optimization as a promising strategy to sustain therapeutic benefits while minimizing
side effects, offering a personalized approach to treatment for individuals with cystic fibrosis

experiencing adverse effects from standard dosing.

Keywords: Cystic Fibrosis, F508del-CFTR, thermal instability, elexacaftor, bamocaftor, dose

reduction
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INTRODUCTION

Cystic Fibrosis (CF) is an autosomal recessive disorder caused by loss-of-function
mutations in the gene encoding the Cystic Fibrosis Transmembrane Conductance Regulator
(CFTR) protein (1-4). This life-shortening disease affects multiple organs, including the
lungs, intestines, exocrine pancreas, biliary tree, sinuses, and vas deferens. CFTR is a
phosphorylation-dependent, ligand-gated chloride channel that belongs to the ATP-binding
cassette (ABC) transporter family, and it is expressed at the apical plasma membrane of
epithelial cells (4, 5). CFTR channel activation requires phosphorylation, typically by PKA,
and ATP binding. Structurally, CFTR consists of two transmembrane domains (TMD1 and
TMD?2), two nucleotide-binding domains (NBD1 and NBD?2), and a regulatory domain (R)
(1,6). This configuration allows the transport of chloride and bicarbonate ions across
epithelial cells, crucial for airway surface liquid homeostasis, hydration, and pH regulation
(7). The F508del mutation is the most common pathogenic variant of CFTR, resulting in
multiple defects in protein structure and function (1-4). This variant is characterized by
defective processing and intracellular transport, leading to reduced expression at the plasma
membrane (8). Additionally, F508del-CFTR exhibits impaired channel gating (9), reduced
plasma membrane stability with accelerated recycling (10), and increased thermal instability
at physiological temperatures (11-15).

Pharmacological interventions, chemical chaperones, and proteostasis modulators
have shown limited success in fully rescuing the function of defective CFTR proteins (16-18).
Although comprehensive correction of F508del-CFTR defects remains elusive, the highly
effective CFTR modulator therapy (HEMT) ETI (elexacaftor, tezacaftor, and ivacaftor),
known commercially as Trikafta® (named Kaftrio® in Europe) is approved for patients 6
years and older in many regions (e.g., U.S., EU). It is prescribed for CF people (pwCF) with
at least one F508del mutation in the CFTR gene, including F508del/F508del (homozygous),
F508del/another responsive CF-causing mutation based on in vitro data (heterozygous, one of
177 other CFTR mutations, see also www.trikafta.com) (19-21). Trikafta includes two
correctors, elexacaftor and tezacaftor (VX445 and VX661, respectively), which improve the
folding, trafficking, and maturation of the defective CFTR protein (16-18), allowing it to
reach the apical membrane where it exhibits partial functionality due to intrinsic gating
defects. To enhance channel activity, the potentiator ivacaftor (VX770) is included (22, 23).
Elexacaftor also acts as a dual corrector and potentiator, increasing CFTR open probability

(24-26). A second corrector, bamocaftor (VX-659), when combined with tezacaftor and
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ivacaftor (hereafter named BTI), demonstrated robust in vitro and in vivo activity, resulting in
significant clinical improvements for pwCF (27). However, the therapeutic development of
products containing bamocaftor was discontinued (as reported on the CFF and Vertex
websites) in favor of a combination involving elexacaftor. This shift ultimately led to the
development and marketing of Trikafta®.

Correctors are categorized based on their binding sites on CFTR, as revealed by recent
structural studies (28). These sites are grouped into three classes: C1 correctors (e.g., VX809
and VX661), which stabilize NBD1-MSD1 (29) and NBD1-MSD?2 interfaces, as well as
NBDI1 interactions with intracellular loops 1 and 4 (30-33); C2 correctors (e.g., Corr-4a), can
stabilize NBD2 and its interfaces (18); and C3 correctors (e.g., VX445), which stabilize
NBDI1 (28). The combined action of these modulators in Trikafta effectively rescues both the
function and structure of F508del-CFTR through complementary domain binding (6, 28).
Ivacaftor, the potentiator, has been proposed to bind within a cleft formed by transmembrane
helices 4, 5, and 8, at the protein-lipid interface (25), although other binding sites, such as
cytosolic loop 4, may also exist (34).

The thermal instability of F508del-CFTR negatively affects its expression, function,
and residence at the plasma membrane (11-15). While ivacaftor enhances channel
conductance, it can accelerate CFTR turnover and reduce the efficacy of correctors when used
alone (35-37). In this study, we utilized human (F508del/F508del) bronchial epithelial cells
and CFBE41o- cell lines expressing F508del- or wild-type CFTR to examine the effects of
ETI/BTI on the effective incubation time and concentration-dependent rescue of F508del-
CFTR function, maturation, and metabolic stability. Additionally, we investigated how
ETI/BTI influences the thermal inactivation of F508del-CFTR through long-term

transepithelial current recordings at 37°C, an aspect not previously explored.

MATERIALS AND METHODS

Cell culture and cell treatments

Primary cell cultures were established from 3 F508del homozygous female donors (aged 23-
31) allowing human F508del bronchial epithelial (CF-HBE) cells preparations obtained post-
lung transplantation (Foch Hospital, Suresnes, France). Detailed collection methods and
protocols are described elsewhere (15, 37). The primary CF-HBE cell cultures were seeded in
dishes using PneumaCult™-Ex medium (StemCell Technologies, France) as the proliferation

medium. Human bronchial epithelial cell lines CFBE41o- expressing wild-type CFTR and
4
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CFBE41lo- expressing F508del-CFTR were provided by Dr. D. Gruenert (University of
California, San Francisco, USA). These cell lines were maintained at 37°C in a 5% CO, and
95% air environment, with the culture media refreshed every 2 days. Cells were cultured in
Eagle’s Minimum Essential Medium (EMEM) supplemented with non-essential amino acids
(Gibco), 10% fetal bovine serum (Eurobio), 2 mM L-glutamine (Gibco), and antibiotics (50
IU/mL penicillin and 50 pg/mL streptomycin, Sigma-Aldrich). Selection was performed using
5 pug/mL puromycin (Gibco).

To assess the effects of the triple combination therapy elexacaftor (or bamocaftor)
/tezacaftor/ivacaftor (ETI), cells expressing F508del-CFTR were treated for durations ranging
from 2 to 24 hours before experimentation. The treatment concentrations were as follows
(except where noted): 3 uM elexacaftor, 0—18 pM tezacaftor, and 1 uM ivacaftor (Selleck
Chemicals, USA). Bamocaftor (Selleck Chemicals, USA) was used at 3 pM. Stock solutions
were prepared at a minimum 1000-fold concentration in DMSO, ensuring that the final

DMSO concentration during cell treatment did not exceed 0.1% (v/v).

Short-circuit current measurements

Cells were seeded at a density of 0.5 x 10° cells (CFBE410-) or 0.2 x 10° cells (CE-HBE) on
Snapwell permeable inserts (Corning corp.) coated with human fibronectine (CFBE410-, 5
pg.cm; Sigma Aldrich) or Collagene IV (CF-HBE, 16pg/cm? ; C7521, Sigma Aldrich).
After 2 days at liquid/liquid interface, cells were cultured at the air/liquid interface interface
and culture media were renewed every 2 or 3 days, Eagle’s minimum essential medium
complete medium without puromycin for CFBE cell line and Pneumacult™-ALI culture
medium (StemCell Technologies, France) for CF-HBE cells. Inserts were mounted in an EM-
CSYS-6 Ussing chamber system (Physiologic Instruments Inc., USA) made of two hemi-
chambers, each containing the following solutions (in mM): 1.2 NaCl, 115 Na-gluconate, 25
NaHCOs3, 1.2 MgCl,, 4 CaCl,, 2.4 KH,PO4, 1.24 K;HPO4, 10 mannitol (pH 7.4) for low CI'
apical solution and 115 NaCl, 25 NaHCOs3, 1.2 MgCl,, 1.2 CaCl,, 2.4 KH,POu, 1.24 K,HPOy,,
10 glucose (pH 7.4) for basolateral solution. We used these asymmetric solutions to create a
basal to apical chloride gradient (15, 37). Both solutions were maintained at 37°C (controlled
before, during and after each experiment) and gassed with 95% oxygen—5% CO,.
Transepithelial potential difference and short-circuit currents (Isc) were measured/injected
through 3M KCl filled Ag/AgCl electrodes connected to a VCC MC voltage/current clamp
(Physiologic Instruments Inc., USA). We visualized and recorded the current injected by the

system to short-circuit pseudoepithelia (clamp at 0 mV), at a frequency of 0.1 Hz, on a
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personal computer using Acquire and Analyze hardware and software (Physiologic
Instruments Inc., USA). Transepithelial potential difference values were corrected for the
junction potential between apical and basal solutions and for empty insert resistance. Since
the polarity of Isc was referred to the basolateral side of the pseudo-epithelium and a gain of -
10 was applied, an apical anion secretion is indicated by an upward deflection of the signal
meaning increase in Isc. The following drugs were added in the apical chamber: amiloride
(Sigma Aldrich, 100 uM from 100 mM DMSO stock) to inhibit ENaC currents, forskolin
(Sigma Aldrich, 1 to 10 pM from 1 or 10 mM DMSO stock) to stimulate CFTR-dependent
currents, and CFTRinh;7, (MedChemExpress, 10 uM from 10 mM DMSO stock) to
selectively inhibit CFTR-dependent currents (38), apical UTP (Sigma Aldrich, Uridine 5°
triphosphate, 100 pM from 100 mM in water stock) to stimulate CaCCs and it includes
purinergic-dependent currents mediated by the TMEM16a calcium-dependent chloride
channel. We added UTP after complete CFTR inhibition. In some experiments we also added
VX770 (MedChemExpress, 1 uM from 10 mM DMSO stock) to further potentiate the CFTR
activity after forskolin addition. Solution temperature was controlled with a digital precision
thermometer (Checktemp®1, Hanna Instruments, USA) placed directly into each hemi-
chamber of the Ussing chamber setup before, during and after each recording for each insert.
For experiments at physiological or near physiological temperatures, results were discarded

when temperature varied by more than 1°C above or below the desired temperature (15).

Patch clamp experiments

We employed an automated whole-cell patch clamp (APC) technique using the 8-channel
Patchliner NPC-16 workstation (Nanion Technologies GmbH, Munich, Germany) integrated
with two QuadroEPC-10 amplifiers (HEKA Elektronik GmbH, Germany) (15, 37).
Membrane potential pulses were delivered from a holding potential of -40 mV to test
potentials ranging from —80 to +80 mV in 20 mV increments to generate current
density/voltage data. The external bath solution was composed of (in mM): 145 NMDG, 145
HCI, 10 TES, 5 BaCl,, 2 CaCl,, and 2 MgCl,, adjusted to pH 7.4 using NMDG, with an
osmolarity of 300 + 10 mOsmol. The internal pipette solution contained (in mM): 105
NMDG, 30 H,SOy4, 20 HCI, 10 TES, 10 EGTA, 4 MgCl,, and 3 MgATP, adjusted to pH 7.2
using HCI, with an osmolarity of 285 + 5 mOsmol. The theoretical E¢;- was calculated as —44
mV using the Nernst equation. Recordings were conducted at room temperature (20-25°C)

and analyzed with Patch MasterPro software (HEKA) and Igor software. The CFTR current
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was activated by forskolin (10 pM, Sigma Aldrich, USA) and genistein (30 uM, Sigma
Aldrich, USA) and inhibited by CFTRinh;7; (10 pM, MedChemExpress, USA).

Western blot

CFBE41o0- F508del-CFTR and WT were lysed on ice (lysed buffer: 10 mM Tris HCI, 1%
Nonidet P-40, 0.5% sodium deoxycholate, 1 mM de Pefabloc® SC (Sigma Aldrich,
Germany), 1 mM protease inhibitors cocktail (Roche, Germany), 1 mM phosphatase inhibitor
(Roche, Germany); pH 7.5). Extracted protein was quantified using a BCA kit (Pierce,
Thermo Scientific, USA) and 30 ug protein samples were separated on sodium dodecyl
sulphate—polyacrylamide gel electrophoresis (SDS-PAGE) (8%) and transferred to a
nitrocellulose membrane. The membrane was subjected to Western blotting using a mouse
anti-CFTR antibody (1:1000; antibody CF596 obtained from the CF Foundation), a mouse
anti-GAPDH (1:1000; Sc-32233 Santa Cruz). Horseradish peroxidase-conjugated goat anti-
mouse antibody (1:10000, Sigma Aldrich, Germany), goat anti-rabbit antibody (1:10000,
Sigma Aldrich, Germany) were used as secondary antibody, and proteins were detected using
enhanced chemiluminescence (Immobilon; Merck Millipore, France). Images were obtained
using the GeneGnome Imager (SynGene Ozyme, France) and analysed for densitometry with
the Genetools software (SynGene Ozyme, France). We normalized the intensity of the CFTR
bands B and C to GAPDH, our loading control. CFTR maturation status was estimated by the
band C/(band B+band C) ratio. We used the Page Ruler pre-stained protein ladder (Thermo
Scientific, USA) and Blue Star pre-stained protein marker (MWP04, Genetics) to identify the
molecular weight of proteins on SDS-polyacrylamide gels. To evaluate CFTR half-life,
CFBE41o0- F508del-CFTR and WT cells were treated with cycloheximide (CHX: 100 png/mL)
at different time points (0-24h). Then, cells were lysed with the same lysis buffer as described

above and the same procedures used for SDS-PAGE were followed.

Statistical analysis

Data are presented as mean + SD of n observations. For CFBE41o- cells, n represents the
number of replicates performed on different cell cultures and different days. For HBE cells, n
refers to measurements using cells from the same donor on different days. Sample sizes (n) and
exact p value are noted in figures and legends except for p<0.0001 indicated by the symbol
**%% Statistical comparisons were made using non-parametric (n < 10) or parametric (n > 10)

tests with a significance level of 0.05. Before using a parametric test, samples were checked
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for normality using Shapiro-Wilk normality test. Statistical significance of differences
between two conditions in a same group was calculated using a student’s t-test (parametric) or
a Mann-Whitney test (non-parametric). If more than two conditions are compared, a one-way
analysis of variance (ANOVA) followed by a Fisher test was used. All statistics analysis were

made by GraphPad Prism version 6.0 (GraphPad Software, San Diego, CA, USA) software.

RESULTS

Effect of ETI treatment F508del-CFTR Isc in human bronchial epithelial cells
F508del/F508del

Our assay protocol for recording the activation and inhibition of ETI-corrected
F508del-CFTR-mediated Isc is illustrated in Figure S1A. The total increase in CFTR-
dependent Isc (hereafter referred to as Alsc) upon activation represents the current stimulated
by forskolin and enhanced by ivacaftor in experiments using ET- and ETI-treated cells (37).
The total decrease in CFTR-dependent Isc upon inhibition, denoted as Alsciyn172, measures the
effect of CFTRinh;7, in blocking the forskolin- and potentiator-stimulated current as well as
the spontaneous constitutive CFTR current (37-39). The tracing in Figure 1A displays the
short-circuit current (Isc) recorded from CF-HBE cells following 24-hour ETI treatment.
Amiloride (apical, 100 uM) is used to inhibit the sodium current mediated by ENaC, followed
by forskolin (apical, 1 pM), which stimulates Isc. This stimulation is subsequently reversed
by the addition of CFTRinh;7; (apical, 10 pM), as depicted in the histogram on the right of
Figure 1A. Lastly, UTP (apical, 100 M) is added, eliciting the characteristic biphasic
response of calcium-activated chloride channels, such as TMEM16a. As shown in Figure 1B,
the effect of ETI is dependent on treatment duration. The traces presented compare CF-HBE
cells treated with ETI for 4, 8, and 24 hours to cells without ETI treatment (DMSO-treated,
left trace). Notably, the ENaC-dependent Alsc,mi gradually decreases from 16.7 +£ 5 pA/cm?
(no ETI) to 2.9 £ 0.5 pA/cm? (24-hour ETI, p<0.05) as measured by 2 technical replicates
each from 2 unique donors, while the amplitude of F508del-CFTR currents (Alscs) increases
from 0.5 £ 0.1 pA/cm? (no ETI) to 8.81 = 0.7 pA/cm? (24-hour ETI, p<0.05) as measured by
2-3 technical replicates each from 2 unique donors. This aligns with the established
interaction between CFTR and ENaC channels (40).

Then, we evaluated the impact of a 24-hour ETI treatment on Isc in CFBE410-
F508del-CFTR cells, comparing it with DMSO treatment (Figure S1B). The baseline Isc in
ETI-treated cells was 12 + 0.6 pA/cm? (n = 21), significantly higher than the 4 + 0.6 pA/cm?

Downloaded from journals.physiol ogy.org/journal/ajplung (195.220.223.244) on August 26, 2025.



262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295

observed in DMSO-treated cells (n = 5, p<0.0001) (Figure S1B-C). This increase in
spontaneous Isc demonstrates the activity of ivacaftor, which facilitates the opening of
F508del-CFTR channels at the membrane, supported by the correctors elexacaftor and
tezacaftor, as previously reported (37, 39, 41) (see also figure S1D). This effect is also
illustrated in Figures 1B and 1C using CF-HBE cells, showing inhibition of Isc with
CFTRinh;7;. The forskolin-stimulated change in Isc (Alscgy) in ETI-treated CFBE410-
F508del-CFTR cells was 32.4 £ 1.6 pA/cm? (n = 21), compared to 0.6 + 0.08 pA/cm? in
DMSO-treated cells (p<0.0001) (Figure S1B). Additionally, the CFTRinh;7,-inhibited Isc in
ETI-treated cells reached 36.5 + 1.8 pA/cm? (n = 21), whereas DMSO-treated cells showed
only 0.7 = 0.12 pA/cm? (p<0.0001) (Figure S1B). Tezacaftor was used at a concentration of
18 uM (Figure S1B) as in (19). Lower concentrations of tezacaftor, combined with 3 uM
elexacaftor and 1 pM ivacaftor, still provided concentration-dependent correction as shown

figure S2.

Effect of the duration of ETI treatment on CFBE410- F508del-CFTR properties

In the following experiments, CFBE410- F508del-CFTR cells were treated with ET or
ETI for 2, 4, 6, 8, or 24 hours and compared to the control (DMSO). We began by conducting
a Western blot analysis to assess the C/(B+C) ratio, which reflects the amount of CFTR in its
mature, complex-glycosylated C band form, to the total of CFTR proteins (mature and non-
mature forms) relative to either DMSO-treated F508del CFBE410- cells or WT-CFBE41o-
cells (Figures 2A and S4). The maturation level of WT-CFTR proteins was 0.96 + 0.03 (n =5,
Figures 2A). Notably, after 2 hours of ETI treatment in CFBE410- F508del cells, we observed
a greater presence of mature C forms compared to ET-treated cells (ETI: 0.32 £ 0.08,n =35
vs. ET: 0.21 £ 0.07, n = 5). After 4 hours, the levels of mature C forms were similar between
ETI- and ET-treated cells (non-significant). However, this trend reversed at 6, 8, and 24
hours, with ET-treated cells showing a higher quantity of mature CFTR at 24 hours (ET: 0.73
+0.07, n=5 vs. ETI: 0.60 + 0.05, n = 5). Although the maturation level did not reach that of
WT-CFTR, the maximum amount of mature F508del-CFTR protein was detected after 24
hours of treatment with either ET or ETI (Figure 2A, B).

Next, we performed Ussing chamber experiments to assess the effect of treatment
duration on Isc, as a measure of F508del-CFTR function. Isc was stimulated using 1 uM
forskolin (empty triangle), followed by 1 pM ivacaftor (grey triangle), and finally inhibited
with 10 uM CFTRinh,7, (black triangle) in cells treated for 2, 6, and 24 hours with ET (Figure
2C) or ETI (Figure 2D). Mean Isc activation values by forskolin /IVA and mean Isc inhibition

9
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by CFTR;nn172 are shown figures 2E and 2F, respectively. For ET treatment, an initial
correction phase was observed at 4 hours (23.39 =2 pA/cm? for 2 hours and 32.57 £ 5.9
pA/cm? for 4 hours), with a significant increase at 24 hours corresponding to chronic ivacaftor
addition (43.07 + 8.8 uA/cm?, n =3 vs. 24.13 £ 6.7 pA/cm?, n = 3). In contrast, adding
ivacaftor to ETI-treated cells did not produce an additional effect, unlike in ET-treated cells,
as previously reported (37) and observed earlier (42). This lack of potentiation in ETI-treated
cells may be due to the challenge of removing ivacaftor when used at micromolar

concentrations (43).

Half-life of F508del-CFTR in ET- and ETI-treated cells

Capurro et al. estimated a half-life of approximately 6 hours for ET-corrected F508del-
CFTR in CFBE41o- cells (44). To compare the turnover of F508del-CFTR after incubation
with ET and ETI (Figures 3A and S5), we conducted two series of experiments using
cycloheximide (CHX) to inhibit de novo protein synthesis at various time points (0, 1, 2, 4
hours). As anticipated, the mature C form of WT-CFTR proteins remained stable (Figures
3B), while the immature B form gradually decreased with longer CHX treatment (Figures 3B,
C). The maturation of F508del-CFTR was analyzed in DMSO-, ET-, and ETI-treated
CFBE410- F508del-CFTR cells (Figure 3A). In both ET- and ETI-treated cells, the mature C
and immature B forms of F508del-CFTR declined over time at various time points (0, 1, 2, 4
hours). Both treatments extended the half-life (t;,) of the mature C form of CFTR compared
to DMSO. The presence of the potentiator ivacaftor slightly reduced this stabilizing effect on
the mature C form (t;2 >4 hours for ET treatment versus approximately 3 hours for ETI). The
t1/» of the immature B form was approximately 60 minutes for DMSO-treated F508del-CFTR
and around 30-40 minutes for WT-CFTR and both ET- and ETI-treated F508del-CFTR
(Figure 3C).

Additionally, we measured Isc in ETI-treated CFBE4lo- F508del-CFTR cells
incubated with CHX for different durations (0, 2, 4, 6, 8 hours, Figure 4A). In each
experiment, Isc was stimulated with 1 pM forskolin (empty triangle) and inhibited with 10
pM CFTRjun172 (black triangle). Iscgy decreased with longer CHX treatment. After just 2
hours of CHX treatment, both Iscgy and Iscinni72 were significantly reduced (Figure 4B, C). By
4 hours, the transepithelial current had decreased by more than 50%, aligning with our
immunoblot findings that demonstrated a direct correlation between the level of mature C
form of F508del-CFTR and the cAMP-dependent transepithelial Isc rescued by ETI (Figure
4D).

10
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Effect of reducing concentrations of ETI on CFBE410- F508del-CFTR maturation and
function

In the next set of experiments, we assessed the impact of varying ETI concentrations
on the maturation and function of F508del-CFTR. CFBE4lo- F508del-CFTR cells were
treated with ETI at reduced concentrations of 33%, 11%, 3.3%, and 1.1% of the full 100%
ETI treatment (corresponding to 18 uM tezacaftor ; 3 uM elexacaftor ; 1 uM ivacaftor),
alongside a DMSO control. Immunoblots (Figures 5 and S6) revealed that in cells treated with
ETI at 3.3% and 1.1%, the mature C form of F508del-CFTR was very low compared to the
100% ETI treatment (P < 0.0001), rendering them indistinguishable from DMSO-treated
controls (non significant), as confirmed by statistical analysis from four independent
experiments (Figure 5). The level of the immature B form of F508del-CFTR remained
constant regardless of treatment. Notably, even at 11% of the full ETI treatment, the C/(B+C)
ratio shows that the mature C form of F508del-CFTR was 50-60% compared to the 100% ETI
control (Figure 5). Additionally, there was no significant difference in the mature C form

level between cells treated with 100% and 33% ETI (Figure 5).

We then measured Isc in CFBE41o- F508del-CFTR cells after 24-hour incubation
with ETI at the same concentration gradients. As in previous experiments, Isc was stimulated
with forskolin (1 pM, empty triangle) and inhibited with CFTRinh;7, (10 uM, black triangle).
At 33% of the full ETI concentration, the change in current was comparable to that observed
with 100% ETI treatment (Figure 6). However, at 11%, Alscgx was significantly reduced,
with a mean value of 14.5 pA/cm? (Figures 6A, B). This reduction continued at 1.1% ETI
concentration (Alscix = 4.74 pA/cm?), though it remained significantly higher than the
DMSO control (Alscgk = 1.19 pA/cm?). Quantification of Alscinn72 revealed parallel changes
in current for both activating and inhibitory phases (Figure 6C). Ivacaftor’s ability to activate
CFTR constitutively, as demonstrated here and in prior studies (37, 39, 41), was confirmed by
quantification of pre-activation Isc levels, showing probable dependence on ivacaftor

concentration (Figure 6D).

Whole-cell patch clamp recordings of wild-type and F508del-CFTR chloride currents in
CFBE41o0- cells

We conducted whole-cell patch-clamp experiments (Figure 7) using CFBE410- cells
expressing either WT-CFTR or F508del-CFTR, treated for 24 hours with ETI or DMSO as a

11

Downloaded from journals.physiol ogy.org/journal/ajplung (195.220.223.244) on August 26, 2025.



363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385

386
387
388
389
390
391
392
393
394
395
396

control. As anticipated, whole-cell recordings for WT-CFTR demonstrated a linear
relationship between CI~ currents and voltage, with a significant increase in conductance upon
stimulation with forskolin (fsk) and genistein (gst) compared to baseline (mean current
density at +40 mV, Irgyes = 336 + 32.94 pA/pF, n = 25; upper traces in figure 7A and
corresponding current density curves in figure 7B-D). For CFBE410- F508del-CFTR cells,
negligible CI~ current was detected under DMSO conditions (middle traces in figure 7A and
current density curves in figure 7C, gyt = 3.2 = 0.8 pA/pF, n = 6). When cells were treated
with ETI for 24 hours, the recorded CFTR current was 211 + 33.75 pA/pF at +40 mV (n = 10;
lower traces in figure 7A and current density curves in figure 7D), corresponding to
approximately 63% of the current recorded in CFBE410- WT-CFTR cells (p<0.05, Figure 7B,
E).

Next, we examined whole-cell currents in CFBE410- F508del-CFTR cells treated with
ETT at 33%, 11%, 3.3%, and 1.1% concentrations (Figure 7D, E). Similar to our Ussing
chamber results, the patch-clamp data indicated that reducing ETI concentration to 33% still
supported a significant fsk/gst-dependent F508del-CFTR current (Iges = 204 = 42.3 pA/pF, n
= 14), comparable to that observed with 100% ETI. Further reductions in ETI concentration
resulted in progressively lower current densities at +40 mV (Ifggst = 130 + 15.9 pA/pF for
ETI 11%, n = 23; Igyyes = 87 £ 22 pA/pF for ETI 3.3%, n = 11; and Iy = 3.22 + 0.8 pA/pF
for ETI 1.1%, n = 6). At 11% ETI, the rescued F508del-CFTR-dependent chloride current
amplitude was approximately 60% of that observed with 100% ETI, consistent with our
immunoblot analysis (Figure 5) showing a mature C form of F508del-CFTR at around 60% of
the level quantified with 100% ETI.

Significant increase in temperature stability of F508del-CFTR-dependent Isc by ETI

In addition to abnormal maturation and function, F508del-CFTR also demonstrates
thermal instability at physiological temperatures, even following correction with VX809 or
exposure to low temperatures (12-15). Since no data currently exist regarding the effect of
ETI on this defect, we treated CF-HBE cells (Figures 8A, C) and CFBE410- F508del-CFTR
cells (Figures 8B, C) with ETI for 24 hours. Once activated by forskolin, we recorded Isc for
60 to 120 minutes at a controlled temperature of 37 + 1°C. CFTRinh,;7, was added to the
apical chamber at the end of the experiment to inhibit the remaining CFTR-dependent Isc.

For CFBE410- WT-CFTR cells, Iscs was stable and, in some cases, even increased
over time (Figure 8B, dotted line; quantified in Figure 8C). In contrast, in ETI-treated CF-
HBE and CFBE410- F508del-CFTR cells, the current gradually declined over time. Figure 8B
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shows recordings of fsk-activated F508del-CFTR Isc with corresponding CFTRinh;7,
inhibition after 10 to 80 minutes. Notably, F508del-CFTR Isc remained stable for
approximately the first 10 minutes before gradually and spontaneously decreasing. By 120
minutes, the fsk-activated ETI-rescued F508del-CFTR Isc had decreased by approximately
90% (Figure 8C). Interestingly, in ETI-treated CFBE410- F508del-CFTR cells, likely due to
the constitutive pool of F508del-CFTR channels already rescued and activated by ivacaftor,
the CFTRinh,;7,-dependent F508del-CFTR Isc still accounted for about 50% of the total
F508del-CFTR current (Figure 8C). These findings indicate that after two hours,
approximately half of the ETI-corrected F508del-CFTR-dependent transepithelial current

remained present, an outcome not observed without ETI treatment (15).

Effect of bamocaftor on F508del-CFTR-dependent Isc

Bamocaftor (VX-659, chemical structure shown at the bottom of Figure 9) was
evaluated in clinical studies for pwCF alongside elexacaftor (27). Interestingly, the airway
inflammatory milieu from late- and early-stage CF lung disease improves the efficacy of
CFTR modulators, regardless of the combination therapy used with ETI or BTT (45). Here, we
assessed the effects of bamocaftor on various aspects of F508del-CFTR function, including its
maturation and thermal stability. Bamocaftor (3 uM) was combined with tezacaftor (3 uM)
and ivacaftor (1 pM) to form a preparation referred to as BTI. This combination was
compared to ETI at the same concentrations and to a third preparation consisting of
bamocaftor, elexacaftor, and ivacaftor, referred to as BEI in Figures 9A and 9B. The triple
BTI combination was significantly more effective than either ETI or BEI (Figure 9B).
Bamocaftor, like elexacaftor (28, 42), rescues F508del-CFTR in synergy with tezacaftor
(Figure S3). After adding forskolin and VX770, the Alscipn17> was 4.8 £ 1.2 pA/em?, 27 £0.75
pA/cm? and 81 £ 5.6 pA/cm? for Tezacaftor-, Bamocaftor-, and Tezacaftor/Bamocaftor -
treated CFBE410- F508del-CFTR cells, respectively (n=3-6).

As for ETI-corrected cells, we analyzed the maturation of F508del-CFTR proteins in
DMSO- and BTI-treated CFBE410- F508del-CFTR cells. The mature C form of F508del-
CFTR was robustly and significantly increased by BTI treatment compared to DMSO
(Figures 9D and S7). We also studied the effect of reducing BTI concentrations (defined as
100%, corresponding to 3 uM bamocaftor, 3 uM tezacaftor, and 1 uM ivacaftor) to 50% (1.5
uM bamocaftor, 1.5 pM tezacaftor, and 0.5 uM ivacaftor) and 10% (0.3 uM bamocaftor, 0.3
UM tezacaftor, and 0.1 pM ivacaftor) on both function (Figure 9C) and maturation (Figures
9D, E). The rescue of the band C form was already apparent at 10% BTI concentration

13

Downloaded from journals.physiol ogy.org/journal/ajplung (195.220.223.244) on August 26, 2025.



431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463

compared to DMSO and further increased at 50% and 100%, with no significant difference
observed between the latter two conditions under full BTI treatment (Figure 9E).

Finally, we compared the effect of BTI and ETI on the thermal stability of F508del-
CFTR following forskolin stimulation. Interestingly, Figure 10A shows that although the Isc
in BTI-treated cells continues to decline over time, the remaining current amplitude after 2
hours is significantly higher than in ETI-treated cells (p<0.001). Quantitative analysis of
multiple experiments is presented in Figure 10B. After 120 minutes, the forskolin-activated
BTI-rescued F508del-CFTR Isc had decreased by approximately 75%, while the CFTR;nn;72-
dependent BTI-rescued F508del-CFTR Isc still accounted for about 60% of the total F508del-
CFTR-dependnet Isc (Figure 10B).

DISCUSSION

Our study demonstrates that the impact of highly effective CFTR modulator therapy (HEMT)
treatment is influenced by the treatment duration, as well as the maturation, turnover, and
thermal stability of F508del-CFTR currents at physiological temperature. Notably, short-term
treatment (2-4 hours) was insufficient to reveal the destabilizing effect of ivacaftor on
F508del-CFTR, whereas long-term treatment promoted destabilization, consistent with prior
reports (35-37). Chronic ETI treatment extended the half-life of corrected F508del-CFTR
from 45 minutes to 180 minutes (a fourfold increase), and this stabilization was further
enhanced when ivacaftor was omitted (ET treatment), resulting in a half-life exceeding 4
hours, underscoring ivacaftor's destabilizing effect.

Our findings also revealed that the correction efficacy of F508del-CFTR by ETI/BTI
is dose-dependent and contingent on the precise ratio of its components. We observed a
progressive decline in functional correction as the ETI concentration decreased from 10% to
1% of the initial dose. However, reducing the dose at 33% of the standard ETI concentration
maintained correction levels comparable to 100% ETI. This observation aligns with the
clinical variability in recommended ETI doses for pwCF, which differ based on age and
weight. For individuals over 6 years old, the ETI dose is two tablets of 50/25/37.5 mg for
patients under 30 kg, and double that for those over 30 kg. For younger children (ages 2-5),
the dose is one tablet of either 80/40/60 mg or 100/50/75 mg, depending on whether they
weigh under or over 14 kg, with an additional ivacaftor tablet (59.5, 75, or 150 mg) taken 12

hours later.
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Although in vitro ETI concentrations cannot be directly extrapolated to in vivo dosing,
understanding the impact of reduced ETI doses is crucial in the context of potential adverse
effects (AEs), such as hepatotoxicity (46, 47), and drug interactions involving ETI
components (47, 48). Recent physiologically-based pharmacokinetic (PBPK) modeling
indicates that lower ETI doses (e.g., half-doses, alternate-day dosing, or thrice-weekly
administration) can be effective for pwCF experiencing adverse effects (46, 48). Notably,
reduced ETI dosing has been linked to improve mental health outcomes without significant
clinical deterioration (48, 49). Hong et al.'s modeling predicted mean trough concentrations of
0.89, 0.83, and 0.79 mg/L for reduced ETI dosing, while the lowest therapeutic dose of
elexacaftor (50 mg daily) yielded a trough concentration of 0.49 mg/L. Our data indicate that
this range, equivalent to 33%-11% of the full ETI dose, is sufficient to achieve 60%-100%
efficacy. Additionally, PBPK simulations (50) demonstrated that lung concentrations of
elexacaftor and ivacaftor, even at reduced daily doses (50-200 mg for elexacaftor and 25-150
mg for ivacaftor), exceeded their ECsy values. Only tezacaftor at the lowest tested dose (10
mg daily) fell below its ECsy value, suggesting that efficacy could be maintained even with
dose reduction, also supported by our in vitro findings.

A notable aspect of our study is the documented thermal instability of F508del-CFTR
at physiological temperature (37£1°C), where channel activity rapidly declines within 15
minutes. This instability persists despite low-temperature cell culture (27°C) or treatment with
the type I corrector VX-809 (Lumacaftor) (12-15). Our results extend this understanding by
showing that even the highly effective ETI or BTI combinations only partially address this
defect. The apparently greater effect of bamocaftor compared to elexacaftor is likely due to a
higher fsk peak BTI (see Fig. 10). The decline follows a similar pattern to that of ETI, but
since it starts from a higher Isc value, it takes a longer time to decline. Thus, with either
bamocaftor or elexacaftor, the thermal instability at 37°C appears comparable. This raises
critical questions about the optimal duration of F508del-CFTR activity at the plasma

membrane during therapy.

The complex role of ivacaftor also warrants attention due to reports of "ivacaftor
withdrawal syndrome," characterized by rapid respiratory symptom onset and a significant
(>20%) decline in FEV1 following discontinuation (51, 52). Similarly, acute exacerbations
and lung function declines have been noted after ETI discontinuation (53). Our study, shows
that (i) short-term ETI treatment does not trigger ivacaftor's destabilizing effect, (ii) ETI slows

turnover by a factor of four compared to DMSO, (iii) at 33% ETI, correction remains

15

Downloaded from journals.physiol ogy.org/journal/ajplung (195.220.223.244) on August 26, 2025.



497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529

comparable to 100% ETI, and (iv) the thermal stability of F508del-CFTR at physiological
temperature is notably superior to that observed with lumacaftor/ivacaftor (12, 13, 15) or
tezacaftor/ivacaftor (unpublished data).

In conclusion, our in vitro findings indicate that reduced doses of HEMT can
effectively sustain therapeutic efficacy, underscoring the potential of dose optimization
strategies to minimize side effects in pwCF. One limitation of our study is that it included
only human bronchial epithelial cells from female patients. Although initially promising,
bamocaftor did not demonstrate sufficient benefits to justify its continued development as a
therapy for cystic fibrosis. Its therapeutic development was discontinued in favor of the
combination involving elexacaftor (www.cff.org). The combination of elexacaftor, tezacaftor,
and ivacaftor has taken its place, providing a significant advancement for patients with this
disease. Looking ahead, we anticipate that future therapies - whether leveraging current
correctors or introducing novel compounds - will further improve the stability and function of
F508del-CFTR at physiological temperatures, either as standalone options or in combination

with ETI or new correctors.
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FIGURE LEGENDS

Figure 1. Recordings of Isc in ETI - human F508del-CFTR bronchial epithelial cells. (A)
Representative short circuit current (Isc) recording of a ALI culture of F508del/F508del
human bronchial epithelial cells (CF-HBE cells) treated by ETI. We first added apical
amiloride (noted Ami, black triangle) to inhibit ENaC-dependent sodium current and then
forskolin (noted Fsk, empty triangle) to activate the ETI corrected-F508del-CFTR current. Isc
was inhibited by CFTR;n172 (noted Inh172, second black triangle) and UTP (noted UTP,
second empty triangle) was added at the end of the recording to activate calcium-dependent
chloride secretion. On the right is shown quantification of the corresponding Isc activated by
fsk (black squares) calculated from the peak Isc response minus the basal activity (Alsc) and
Isc inhibited by CFTRj,117, measured by the difference between the plateau after fsk activation
and the current after CFTR;n72 application (empty squares). Number of experiments: 2-3
technical replicates each from 3 unique donors. Concentrations used are: 100 uM amiloride,
1 uM fsk, 10 uM CFTRjnn172 and 100 uM UTP. (B) example recordings of ALI cultures of
CF-HBE cells from a F508del-CFTR patient treated 4h, 8h and 24h by ETI compared to
control CF-HBE cells (cells only treated with DMSO). Concentrations used are: amiloride
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(100 uM, black triangle), fsk (1 uM, empty triangle) and CFTRisn172 (10 uM, black triangle),
as indicated on each trace. ETI: 18 pM tezacaftor ; 3 uM elexacaftor; 1 pM ivacaftor.

Figure 2: Effect of the duration of ETI and ET treatments on F508del-CFTR proteins.
(A) Immuno-blot detection of F508del-CFTR in whole lysates derived from CFBE410-
F508del-CFTR cells with vehicle (DMSO) and correctors (18 uM tezacaftor ; 3 uM
elexacaftor) with or without 1 uM ivacaftor (as indicated by the + symbols) at different time
points (2, 4, 6, 8 and 24h). (B) Corresponding quantification of the ratio of mature CFTR
proteins on total (C/(B+C)). Data are expressed as mean + (n=5 for all experimental
conditions). The data are compared to DMSO treatment. For WT (right bar), the data are
compared to the ETI 24h condition. (C, D) Representative tracings of Isc as function of time
for CFBE410-F508del-CFTR cells incubated at different time with ET (C) and ETI (D)
treatments. Isc is stimulated by fsk (1 uM, empty triangle) and ivacaftor (1 uM, grey triangle)
and inhibited by CFTRinn172 (10 uM, black triangle). (E, F) Corresponding quantification of
CFTR activation by fsk/IVA (E) and inhibition by CFTR;n172 (F). Data are expressed as mean
+ SD (n=3 for all experimental conditions). Data compared to DMSQO; ****p<0.0001.
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Figure 3: Effect of CHX treatments on ETI-corrected without (ET) and with potentiator
(ETI) on F508del-CFTR half-time (A, B) Immuno-blot detection of CFTR in whole lysates
from F508del-CFTR (A) and wild-type (B) expressing CFBE410- cells treated with vehicle
(DMSO), correctors (18 pM tezacaftor, 3 uM elexacaftor) with or without 1 uM ivacaftor, at
different time points following CHX induced block of protein synthesis. (C) Quantification of
F508del-CFTR and WT (band C and B) half time normalized by the value at time =0. Data

are expressed as mean + SD (n=4 for all except WT n=5).

Figure 4: Effect of CHX treatment on Isc with ETI-corrected without (ET) and with
potentiator (ETI) CFBE410- F508del-CFTR cells. (A) Original tracings of Isc as function
of time for CFBE410-F508del-CFTR cells incubated 24h with ETI treatments and at different
time points following CHX induced block of protein synthesis. (B, C) Corresponding
quantification of CFTR current activation by fsk (1 pM, B) and inhibition by CFTR;p172 (10
uM, C). (D) plot of the Afsk-activated Isc (from panel B) versus band C intensity (data from
Fig.3) showing a linear relationship as function of CHX treatment duration. Data are

expressed as mean = SD (n=3-9). Statistics are versus control ETI (0 CHX); ****: p<0.0001.

Figure 5. Immunoblots with different concentrations of ETI on CFBE410- F508del-
CFTR protein. Immuno-blot detection CFTR in whole lysates derived from F508del-CFTR
treated with vehicle (DMSO); correctors + potentiator (18 uM tezacaftor; 3 pM elexacaftor +
1 uM ivacaftor) with decreasing concentrations 33%, 11%, 3.3 and 1.1% ETI. Our loading
control is GAPDH (bottom line). Corresponding quantification of F508del-CFTR band
C/(B+C) ratio. Data are expressed as mean = SD (n=4 for all conditions) compared to DMSO

or between two ETI concentrations as indicated by the horizontal bar; ****p<0.0001.

Figure 6. Effect of different concentrations of ETI on Isc in CFBE410- F508del-CFTR
protein. (A) Original tracings of Isc CFTR activation by fsk (1uM, empty triangle) and
inhibition by CFTRizn172 (10 uM, black triangle) for CFBE410-F508del-CFTR cells incubated
24h with decreasing concentrations 33%, 11%, 3.3%, 1.1% ETI or DMSO. (B-D)
Corresponding quantification of CFTR activation by fsk (B), inhibition by CFTR;uh172 (C),
and pre-activation (between basal and inhibition, D). Data are expressed as mean + SD (n=3-

5) compared to ETI 100% or between two ETI concentrations as indicated by the horizontal

bar; ****p<0.0001.
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Figure 7. Whole-cell patch clamp recordings of wild-type and F508del-CFTR chloride
current in CFBE41o- cells at decreasing concentration of ETL. (A) Exemplar currents
traces of WT and F508del-CFTR recorded in F508del-CFTR expressing CFBE410- cells as
indicated on the right. F508del-CFTR cells were treated with DMSO or ETI. Left traces show
the basal chloride currents; middle traces the chloride current activated by fsk+gst (10 uM; 30
uM) and on the right the chloride current after adding in the bath 10 uM CFTRjn172. (B-D)
Current density/Voltage relationships from wild-type (B) and F508del-CFTR (C, D)
expressing CFBE41o- cells treated with the vehicle DMSO (C), treated cells by ETI,
correctors (18 uM tezacaftor ; 3 M elexacaftor) + 1 M ivacaftor (D), at different
concentration of ETI as indicated on each graph. Activation by Fsk+Gst (empty squares),
inhibition by CFTRiun172 (filled squares) and in basal condition (empty circles). (E)
Corresponding quantification of current densities recorded at +40mV in the presence of
Fsk+Gst. Data are expressed as mean = SD (n=3-25). Data compared to DMSO;

Fokkk

p<0.0001.

Figure 8. Functional thermal instability of CFTR-dependent Isc. (A) two representative
tracings of Isc from two different donors for F508del-CFTR HBE cells recorded during 90
min at 37°C as indicated above tracings. (B) Original tracings of Isc with WT and F508del-
CFBE41o0- cells recorded during 80-120 min at 37°C as indicated above tracings. Isc was
activated by fsk (1 pM) and inhibited 80-120 min later by CFTRimni72 (10 uM). Cells were
treated with ETI (indicated for each tracing), except in (B) for WT-CFBE41o- cells. Original
lower tracings in B correspond to Isc recorded during 80 min as indicated for CFBE41o- cells
expressing F508del-CFTR. Isc was activated by Fsk (1 uM) and inhibited either after 10, 30,
60 and 80 min by CFTR;un172 (10 uM). The bottom dotted line indicates the basal current level
after Isc inhibition and the upper dotted line indicates the pre-activated state of Isc due to
ivacaftor. F508del-CFTR cells were treated 24h with ETI. (C) quantification from multiple
experiments for CF-HBE cells (left), WT- (middle) and F508del-CFTR- CFBE41o0- cells
(right). Data are expressed as mean + SD (CF-HBE: 2-3 technical replicates each from 3
unique donors; CFBE410-WT-CFTR: n=7; CFBE410-F508del-CFTR: n=6) and compared to

fsk peak in C or between two sets of data as indicated by the horizontal bar.

Figure 9. Effect of bamocaftor on Isc and protein maturation in CFBE410-F508del-
CFTR cells. (A) Representative tracings of Isc for F508del-CFTR- CFBE41o0- cells treated by
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ETI, BTI or BEI as indicated for each tracing. Cells were treated either by ETI (3 uM, 3uM,
1uM), BTI (3 uM, 3uM, 1uM) or BEI (3 uM, 3uM, 1uM). (B) Quantification from multiple
experiments for CFBE410- F508del-CFTR cells treated either by BTI, BEI and ETI as
indicated. Data are expressed as mean = SD (n=4). Data compared to respective basal
condition. ETI data were also compared to BTI data as indicated by the horizontal bar;
****p<0.0001. (C) representative tracings of Isc with F508del-CFTR-CFBE41o0- cells treated
by three different BTI percentages as indicated for each tracing. In A and C, Isc was activated
by Fsk (1 uM) and inhibited by CFTRjsh172 (10 uM). (D) Immuno-blot detection CFTR in
whole lysates derived from F508del-CFTR-CFBE41o0- cells treated with vehicle (DMSO) and
BTI 100% (3 uM, 3uM, 1uM) and decreasing concentrations 50% and 10% BTI. Our loading
control is GAPDH (bottom line). (E) Quantification of F508del-CFTR band C/(B+C) ratio
from F508del-CFTR-CFBE41o0- cells treated with BTI (3 uM, 3uM, 1uM) compared to ETI
(3 uM, 3uM, 1uM). Data are expressed as mean = SD (n=5-8). Data are compared to DMSO
or between two sets of data as indicated by the horizontal bar. The chemical structures of

elexacaftor (VX445) and bamocaftor (VX659) are presented.

Figure 10. Effect of bamocaftor on thermal instability of Isc in CFBE410-F508del-CFTR
cells. (A) original tracings of Isc with CFBE410- F508del-CFTR cells recorded during 120
min at 37°C as indicated above tracings. Cells were treated either by ETI (3 uM, 3uM, 1uM)
or BTI (3 uM, 3uM, 1uM). (B) Corresponding quantification from multiple experiments for
F508del-CFTR- CFBE410- cells treated either by BTI or ETI. The symbols a, b, ¢ referred to
the time points in A (respectively: peak; after 120°; after adding CFTR;nn172). Data are
expressed as mean £ SD (n=6-8) and are compared to the respective fsk peak or between two

sets of data as indicated by the horizontal bar. ****p<0.0001.
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Figure 10
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