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Supplemental Table 1A. Outcomes of Ataluren trials for patients with CF with nonsense mutations. Results are based on Clinicaltrials.gov & publications on the specific NCT number. Safety, compliance, and pharmacokinetic secondary 
measure outcomes are suspended from the analysis. TEPD= transepithelial potential difference; Cl-= chloride; BMI= body mass index; CFTR= cystic fibrosis transmembrane conductance regulator; FEV1= forced expiratory volume in 1 
second; FVC= forced vital capacity; CFQ-R= cystic fibrosis questionnaire-revised application; CRP= C-reactive protein; CT= computerized tomography 

Study Summary
(Phase, N, 
timeline)

Study design Nonsense 
mutation

Cl-

transport
TEPD (mV)

Patients 
with a Cl-

transport 
response 
(N= or %)

Nasal Cl-

secretion
TEPD (mV)

Patients 
with Cl-

transport 
normalizat
ion
(N= or %)

Body 
weight/ 
BMI
(kg or 
kg/m2)

CFTR 
mRNA/ 
protein
(%)

Sweat 
[Cl-] 
(mmol/
L)

Neutrophil 
levels
(N/mL)

Pulmonary 
function: 
FEV1/FVC
(%/change 
from 
baseline)

CFQ-R 
(score)

Clinical 
symptoms

Cough
(N)

Exacer-
bations 
(% or N 
events)

Sputum
/serum 
markers 
(cells/ 
mL or 
µg/mL, 
ng/mL)

CRP 
levels 
(mg/L
)

Lung CT 
(score)

NCT00237380
● ● ○ ○ ○  
EсϮϯ (≥ϭϴ years)
2-2-2-2

INT, SG, OLA G542X N=3; 
W1282X 
N=13; other
N=7.

p p s p s 
;�ǇĐůĞ ϭͿ

s s s
;�ǇĐůĞ ϭͿ

s
;�ǇůĐĞ ϭͿ

- - - - - - -

s
;�ǇĐůĞ ϮͿ

s
;�ǇĐůĞ ϮͿ

s
;�ǇĐůĞ ϮͿ

NCT00351078
● ● ○ ○ ○  
Eсϭϵ (≥ϭϴ years)
12-4

INT, SG, OLA W1282X 
N=10; 
W1282X/
W1282X 
N=3; other 
N=6

p other p - s s - - s - s s - s - -

NCT00234663
● ● ○ ○ ○  
EсϮϰ (≥ϭϴ years)
8-408

INT, SG, OLA, 
NR

Unknown p - p - - s - - s - - - - - - -

NCT00458341
● ● ○ ○ ○  
N=30 (6-18 years)
2-2-2-2

INT, CO, OLA, R G542X 
N=14; 
W1282X 
N=4; other
N=12

p p s p s s s s s - s - - s s -

NCT00803205
● ● ● ○ ○ 
EсϮϬϵ (≥ ϲ years)
48-4

INT, P, R W1282X 
N=86; 
G542X 
N=83; 
others 
N=40

other other other - other - s - p+s s - s s other other other

Post hoc analysis: 
NCT00803205

- - - - - - - - p - - - s - - -

NCT02139306
● ● ● ○ ○ 
N=279 (≥ ϲ years)
48-4

INT, P, R G542X 
N=85; 
W1282X 
N=67; 
other 
N=128

- - - - s - - - p s - - s - - -

NCT01140451
● ● ● ○ ○ 
N=191 (≥ ϲ years)
96-4

INT, P, R Unknown s - s - s - s - s s - - s - - s

NCT02107859
● ● ● ○ ○ 
N=61 (≥ ϲ years)
192-4

INT, SG, OLA Unknown Terminated due to a prior study NCT02139306 that did not meet its endpoints

p Primary outcome
s Secondary outcome
- Not implemented as an outcome

No outcome available  
Positive significant outcome  
Negative outcome

NCT02456103
● ● ● ○ ○ 
EсϮϰϲ (≥ ϲ years)
96-4

INT, SG, OLA Unknown Terminated due to a prior study NCT02139306 that did not meet its endpoints

NCT03256968
● ● ● ○ ● 
N=1 (31 years)
48-368

INT, SG, OLA
Extension arm: 
VX-770

W1282X/
G542X 
N=1

s/other - s/other - s/other - s/other - p s/other - - s/other - - -

NCT03256799
● ● ● ○ ● 
N=1 (32 years)
48-368

INT, SG, OLA
Extension arm: 
VX-770

W1282X/
W1282X 
N=1

s/other - s/other - s/other - s/other - p s/other - - s/other - - -

Supplemental Table 1B. Outcomes of Ataluren trials for patients with DMD with nonsense mutations. 6MWD= 6-minute walking distance; NSAA= north star ambulatory assessment; TFT= timed function test; CK= creatine kinase; PedsQL= 
pediatric quality of life inventory; HRQL= health-related quality of life; TSQM= treatment satisfaction questionnaire for medication; SAM= step activity monitoring; kg= kilogram; FEV1= forced expiratory volume in 1 second; FVC= forced 
vital capacity; BPM= beats per minute; EK= Egen Classification 

Study Summary
(Phase, N, 
timeline)

Study design Nonsense 
mutations

6MWD 
(m)

Time to 
10% 
decline 
in 
6MWD
(%)

Dystrophin 
expression 
mRNA and 
protein (%)

Weight/
height/
body 
mass 
(kg, m)

Palatability NSAA 
(scale)

Myometry TFTs
(sec)

Lung 
function
FEV1/
FVC (%)

CK 
levels
(IU/L)

Heart 
rate
(BPM)

Digit 
span 
task 
(score)

Fall
(N)

PedsQL,
HRQL, 
TSQM
(score)

SAM
detections (N)

Daily living 
activity
(score/ EK 
scale)

NCT00264888
● ● ○ ○ ○  
Eсϯϴ (≥ ϱ years)
4-244

INT, NR, SG, OLA E2035X N=3;
R3034X N=3; 
other N=32 

- - p+s - - - other other - other - - - - - -

NCT00592553
● ● ○ ○ ○  
N=174 (≥ ϱ years)
48-6

INT, R, P, QM UAA N=43; 
UAG N=48;
and UGA 
N=83

p s s - - - s s - s s s s s s -

NCT00759876
● ● ○ ○ ○  
N=36 (all ages)
96-0

INT, SG, OLA Unknown Terminated, due to lack of efficacy of Ataluren in NCT00592553

NCT00847379
● ● ○ ○ ○  
N=173 (≥ ϱ years) 
96-6

INT, SG, OLA Unknown Terminated, due to lack of efficacy of Ataluren in NCT00592553 and withdrawal from sponsor

NCT01009294
● ● ○ ○ ○  
N=6 (≥ 7 years) 
50-366

INT, SG, OLA Unknown Terminated, due to lack of efficacy of Ataluren in NCT00592553

NCT02090959
● ● ● ○ ○ 
N=219 (7-15
years)
144-6

INT, SG, OLA Unknown Terminated, due to withdrawal of sponsor and commercial availability of Ataluren for DMD

NCT01826487
● ● ● ○ ○ 
N=230 (7-16
years)
48-6

INT, R, P, QM Unknown p s - - - other - s - - - - - other - other

NCT01557400
● ● ● ○ ○ 
N=94 (all ages)
240-6

INT, SG, OLA Unknown s - - - - s - s s - - - - - - s

NCT02819557
● ● ○ ○ ○  
N=14 (2-5 years) 
52-4

INT, SG, OLA Unknown - - - s s s - s - - - - - - - -

p Primary outcome
s Secondary outcome
- Not implemented as an outcome

No outcome available  
Positive significant outcome  
Negative outcome

NCT03796637
● ● ○ ○ ○  
N=6 (all ages) 
36 – Exact 
Timeline unclear

INT, SG, OLA Unknown - - p+s - - - - - - - - - - - - -

NCT03648827
● ● ○ ○ ○  
N=20 (2-7  years) 
40 – Exact 
Timeline unclear

INT, SG, OLA Unknown - - p+s - - - - - - - - - - - - -
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Supplemental Table 1C. Outcomes of Ataluren trials for with nonsense mutations in other genes. Results are based on Clinicaltrials.gov & publications on the specific NCT number. Safety, compliance, and pharmacokinetic secondary 
measure outcomes are suspended from the analysis. Safety, compliance and pharmacokinetic secondary measure outcomes are suspended from the analysis. N denotes the number of patients enrolled in the study. BCVA= best-corrected 
visual acuity; CPS= critical print size; RA= reading acuity; CDKL5= cyclin-dependent kinase-like 5; MAR= minimum angle of resolution; DS= Dravet syndrome; CDD= cyclin-dependent kinase-like 5 deficiency disorder.*Measurements were 
not done in the same time frame.

p Primary outcome
s Secondary outcome
- Not implemented as an outcome

No outcome available  
Positive significant outcome  
Negative outcome

Aniridia
Study Summary
(Phase, N, 
timeline)

Study design Nonsense mutation Maximum reading speed of oculus 
unitas (% change)

Reading accessibility index 
both eyes (units on a scale)

BCVA (logMAR) Maximum 
reading speed of 
oculus dexter 
(% change)

Reading 
accessibility of 
right and left eye 
(units on a scale)

CPS of 
both, 
right, and 
left eye 
(logMAR)

RA of both
eyes
(logMAR)

Iris area
(mm2)

Severity 
of 
corneal 
keratop
athy (N)

NCT02647359
● ● ○ ○ ○  
N=39 (≥Ϯ years)
240-4

INT, R, P, QM Unknown p s s s s s s s s

NCT04117880
● ● ○ ○ ○  
EсϬ (≥Ϯ  years) 
140 – Exact 
Timeline unclear

INT, SG, OLA Unknown Withdrawn before protocol was implemented

Hemophilia
Study Summary
(Phase, N, 
timeline)

Study design Nonsense mutation Outcomes

NCT00947193
● ● ○ ○ ○  
Eсϭϯ (≥ϭϴ  years) 
2-2-2-2

INT, SG, OLA Unknown Terminated, due to withdrawal by the sponsor

Supplemental Table 1D. Outcomes of Gentamicin trials for patients with nonsense mutations. Results are based on Clinicaltrials.gov & publications on the specific NCT number. Safety, compliance, and pharmacokinetic secondary measure 
outcomes are suspended from the analysis. Safety, compliance and pharmacokinetic secondary measure outcomes are suspended from the analysis. . N denotes the number of patients enrolled in the study. RDEB= recessive dystrophic 
epidermolysis bullosa; JEB= junctional epidermolysis bullosa; EB= epidermolysis bullosa; EBDASI= epidermolysis bullosa disease activity and scarring index; QOL= quality of life; DMD= Duchenne muscular dystrophy; AF= anchoring fibril. 

p Primary outcome
s Secondary outcome
- Not implemented as an outcome

No outcome available  
Positive significant outcome  
Negative non-significant outcome

EB: RDEB 
Study Summary
(Phase, N, timeline)

Study design Nonsense mutation Collagen VII 
expression
(% or fluorescence 
intensity)

Number of patients with 
increased AFs
(N=)

Wound closure/ reduced blistering (%) Safety EBDASI 
(score)/disease 
activity/QOL

NCT03012191
● ● ○ ○ ○  
N=6 (all ages) 
24 – Exact Timeline 
unclear

INT, SG, OLA R578X/V168GfsX12 N=1; R578X/R578X N=1; 
other N=4

p p - p s

NCT02698735
● ● ○ ○ ○  
N=5 (all ages) 
12 – Exact Timeline 
unclear

INT, NR, P, TM R578X/V168GfsX12; R578X/R578X; others N=3 p p other - -

NCT03392909
● ● ○ ○ ○  
N=9 (≥ϳ years)
2-22
12-22

INT, SG, OLA Unknown p p other p s

EB: JEB
Study Summary
(Phase, N, timeline)

Study design Nonsense mutation Laminin expression 
(% or fluorescence 
intensity)

Hemidesmosomes (%) Reduced blistering
(%)

Wound closure (N= 
or %)

Safety EBDASI (score)

NCT04140786
● ● ○ ○ ○  
N=6 (all ages)
12-12.8

INT, NR, OLA C325*, Q625* and 3 others p - - s p s

Hypotrichosis simplex
Study Summary
(Phase, N, timeline)

Study design Nonsense mutation Hair density of the scalp (score) Presence of vellus 
hairs (N= or %)

Activity of hair loss (N or %) Photographic 
documentation
(observation)

NCT03492866
● ● ○ ○ ○  
N=8 (all ages)
2-10

INT, NR, CO, OLA Unknown p s s s

p Primary outcome
s Secondary outcome
- Not implemented as an outcome

No outcome available  
Positive significant outcome  
Negative outcome

Methylmalonic 
acidemia
Study Summary
(Phase, N, 
timeline)

Study design Nonsense mutation Outcomes

NCT01141075
● ● ○ ○ ○  
N=11 (≥2  years) 
96-48

INT, SG, OLA Unknown Terminated, due to low patient enrollment and lack of information

DS and CDD
Study Summary
(Phase, N, 
timeline)

Study design Nonsense mutation Safety Seizure frequency (N) Cognitive behavior/QOL (score)

NCT02758626
● ● ○ ○ ○  
N=16 (2-12  years) 
12-4-12-4-16

INT, R, CO, QM Unknown p s other
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Figure 1: Schematic presentation of impact of pharmacotherapies and demographics of CFTR mutation types and PTC allele frequencies.  
(A) Schematic presentation of intracellular tra�cking of  CFTR and impact of pharmacotherapies. (B) Relative allele frequencies of speci�c PTC 
mutations in our biobank (right) compared to world wide incidence (left). (C) Location in the CFTR gene of the PTC mutations included in this study.
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Figure 2: Dose-response assays on a W1282X/W1282X organoid culture to de�ne optimal pharmacotherapy conditions. 
(A) Area increase in time (in total for 120 min) of W1282X/W1282X organoids upon addition of increasing concentration of ELX-02ds for 24h or 
48h prior to the FIS-assay. Organoid area increase was measured with the addition of 5 µM forskolin. Datapoints represent mean+SD, n=3.  
(B) FIS, measured as area under the curve of each condition shown in (A). 
(C) Area increase in time (in total for 60 min) of W1282X/W1282X organoids upon addition of increasing concentration of SMG1i for 24h or 48h 
and ELX-02ds (80 µM) for 48h + VX-661/VX-445 (3 µM) for 24h prior to the FIS-assay. Organoid area increase was measured with the addition of 
0.128 µM forskolin + 3 µM VX-770. Datapoints represent mean+SD, n=3.  
(D) FIS, measured as area under the curve of each condition shown in (C). 
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Figure 3: FIS of various homozygous PTC expressing organoid cultures upon treatment with pharmacotherapies that (collectively) stimulate 
read-through, inhibit NMD and/or modulate CFTR protein tra�cking or gating. 
(A) Area increase in time (min) of W1282X/W1282X organoids upon addition of increasing concentration of fsk. Organoids were pre-stimulated with 
EST (bars represent mean+SD, n=3).  
(B) Swelling (area under the curve of t=0 to t=60 minutes, gray area in A) of W1282XX/W1282X organoids pre-stimulated with EST (datapoints 
represent mean+SD, n=3) and mean swelling of three F508del/F508del organoid cultures pre-stimulated with VX-809 (3 µM, 24h) + VX-770 (3 µM, 0h) 
(datapoints represent mean+SD, n=9) upon stimulation with increasing concentration of fsk. To determine the therapeutic value of EST with 0.128 µM
fsk, the swelling levels were compared to the mean swelling levels of three organoid cultures expressing F508del/F508del-CFTR upon rescue with 
VX-770 (3 µM, added with fsk) + VX-809 (3 µM, 24h), datapoints represent mean+SD, n=9). Similar F508del/F508del data is shown in C-F and supplmen-
tal �gure 2 . 
(C) Mean FIS of all homozygous PTC organoid cultures, measured for 1h in presence of 0.128 uM fsk Organoid cultures were pre-stimulated with E, S or 
T and all combinations thereof. Bars represent mean+SEM, n=8. *p-value<0.05, compared to DMSO. 
(D) Miscroscopic images of W1282X/W1282X organoids after 60 minutes stimulation with 0.128 µM fsk, untreated or pre-stimulated with ET or EST.
(E and F). FIS (1h, 0.128 µM FSK) responses of four individual organoid cultures, carrying two copies of the W1282X mutation (E) or two PTC mutations 
other than W1282X (F) upon pharmacotherapy treatment. 
Abbreviations: fsk = forskolin; E = ELX-02ds (80 µM, 48h); S = SMG1i (0.3 µM, 24h); T = VX-661 (3 µM, 24h) + VX-445 (3 µM, 24h) + VX-770 (3 µM, added 
simultaneously with fsk); O = VX-809 (3 µM, 24h) + VX-770 (3 µM, added simultaneously with fsk). 
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Figure 4: CFTR mRNA expression of organoid cultures homozygous for PTC mutations upon pharmacotherapy.
(A) mean mRNA expression level of CFTR, normalized to the reference genes YWHAZ and expressed in % of mean of 5 WT/WT organoid cultures  (bars 
represent mean+SD, n=2). *p<0.05, compared to DMSO.
(B and C) mRNA expression level of CFTR of individual organoid cultures.  The organoid cultures and pre-treatments in A and B correspond to those in 
�gure 3 E and F, respectively.  
(D) Correlation between level of swelling (1h, 0.128 µM ) and mRNA expression level of untreated (DMSO) or organoid cultures or pre-stimulated with 
EST.
Abbreviations: WT = wildtype; E = ELX-02ds (80 µM, 48h); S = SMG1i (0.3 µM, 24h); T = VX-661 (3 µM, 24h) + VX-445 (3 µM, 24h) + VX-770 (3 µM, added 
simultaneously with forskolin); 
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Supplemental �gure 1: Dose-response assays on a W1282X/W1282X organoid culture to de�ne proper pharmacotherapy conditions. 
(A) FIS, measured for 2h in presence of 5 µM forskolin in presence of increasing concentration of ASP-11. The organoids were pre-stimulated with 
either E+S (white bars) or E+S+T (gray bars). 
(B) FIS, measured for 2h in presence of 5 µM forskolin in presence of increasing concentration of PTI-428, added 24h prior to FIS-assay. The 
organoids were pre-stimulated with either E+S (white bars) or E+S+T (gray bars). 
(C) FIS, measured for 2h in presence of 5 µM forskolin of organoids pre-stimulated for 48h with ELX-02 and an increasing concentration of 
NMDi-14 for 24h (black bars) or 48h (gray bars). Bars represent mean+SD, n=3.
(D) FIS, measured for 2h in presence of 5 µM forskolin of organoids pre-stimulated for 48h with ELX-02 and an increasing concentration of Vidaza 
for 24h (black bars) or 48h (gray bars). Bars represent mean+SD, n=3.
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Supplementary �gure 2. Response of compound heterozygous organoid cultures to pharmacotherapies and SMG1i+VX-
-445/VX-661/VX-770 rescued FIS of homozygous PTC organoid cultures. 
(A) FIS (mean+SEM) of 3 organoid cultures compound heterozygous for a PTC mutation, measured for 1h in presence of 0.128 µM
forskolin upon pharmacotherapy treatment. Organoid cultures were pre-stimulated with E, S and/or T. To determine the therapeu-
tic value of the investigational pharmacotherapies, the swelling levels were compared to the mean swelling levels of three 
organoid cultures expressing F508del/F508del-CFTR upon rescue with CFTR modulator cocktails (bue bars, mean+SD, n=9) of 
which clinical value is known. *p<0.05, compared to DMSO. 
(B) FIS of each individual compound heterozygous organoid culture upon pharmacotherapy. Three organoid cultures homozygous 
for consensus splice mutations (1811+1G>C or 1717-1G>A) were included to assess whether pharmacotherapy speci�cally rescue 
PTC-CFTR. Bars represent mean+SD.
(C) FIS of homozygous PTC organoid cultures pre-stimulated with S+ T (ST), measured for 1 hour with 0.128uM forskolin. The ST 
pharmacotherapy was compared to the other investigational pharmacotherapies discussed in the study. Bars represent mean+SD.
Abbreviations: E = ELX-02ds (80 µM, 48h); S = SMG1i (0.3 µM, 24h); T = VX-661 (3 µM, 24h) + VX-445 (3 µM, 24h) + VX-770 (3 µM, 
added simultaneously with forskolin); O = VX-809 (3 µM, 24h) + VX-770 (3 µM, added simultaneously with forskolin). 
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Supplemental Material

Figure S1: Biodistribution of DAP after blood injection in CD-1 mouse. 8.1mg/kg of DAP were injected 

in blood before measuring the level of DAP in lung (upper panel), muscle (middle panel) or brain (lower 

panel) at 15, 30, 60, 120, 240 or 360 minutes after exposure. Three mice were used for each time point.

2

Figure S2: The absence of CFTR leads to slowed growth of CFTR-NS mice. Two examples of growth 

curves of HO mice (homozygous for the R553X mutation) compared to growth curves of WT mice of 

the same litter.
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Figure S3: Sample activity in the 16HBE14o- cells expressing WT CFTR.

(A) Left panel shows sample traces of the CFTR activity in the excised inside-out patches to the 

fosrkolin/IBMX stimulated cells at the specified membrane potentials. C and O denote closed and open 

states of the ion channel. Right panel presents an IV plot summarizing the CFTR currents at multiple 

membrane potentials. Dotted line shows a linear fit to the data, yielding a characteristic conductance 

of 9.6 ± 0.5 pS (n=6). (B) PKA and ATP applied to the intracellular side of the membrane stimulate CFTR 

activity. 16HBE14o- cells were prepared as described. Cells in the middle of clusters were patched 

without forskolin/IBMX application. Typically, no or very little CFTR activity could be observed under 

such conditions in either cell-attached or excised inside-out patched. Figure shows sample activity in 

4

the inside out patches, made to untreated cells. Sample trace shows basal activity followed by the 

application of 25 nM catalitic domain of PKA + 1 mM MgATP to the bath, facing the inner side of the 

plasma membrane of the excised patches. Note the appearance of the characteristic CFTR activity 

following the application of PKA + ATP.

Figure S4: DAP promotes swelling of organoids carrying a UGA nonsense mutation but not or organoids 

carrying an F508del mutation. A) Confocal images of DAP-treated organoids (organoid 1, 
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W1282X/W1282X) taken at t=0 and t=1 h after starting treatment with 5 µM FSK. B) Confocal images 

of DAP-treated organoids (donor 13, W1282X/1717G>A) taken at t=0 and t=60 min after starting 

treatment with 5 µM FSK.

Figure S5: Organoid viability after DAP treatment. The organoid lines used for flow cytometry 

analysis were grown and collected 48 days after splitting and DAP exposure. Subsequently, 

isolated cells were obtained by dissociating organoids with TrypLE at 37°C for 15 min. After 

washing the isolated cells with DMEM +++, the cells were counted and 10 x 105 cells were 

resuspended in in FACS buffer (PBS containing 5% FBS, 2 mM EDTA) on ice. Dead cells were 

stained by adding 1 μg/ml PI five minutes prior to FLOW analysis. Unstained and positive 

controls (cells exposed to 10% DMSO) were included for each line. Measurements were 

carried out on the BD FACS Canto II (BioRad) with standard filter sets, and the fluorescence 
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Figure 1. FDA-approved drugs increase FIS in non-homozygous F508del PDIOs
(A)  Frequency of represented CFTR muta�on types (le�) and classes (right) of the 76 PDIOs included in the primary FDA screen. (B) Schema-
�c of selec�on pipeline of forskolin concentra�on, based on residual CFTR func�on. Two PDIOs are shown as example that hold low (top) or 
low (bo�om) residual CFTR func�on resul�ng in respec�vely a high or low forskolin concentra�on during the FIS assays. (C) Schema�c of 
primary FDA screen describing PDIO pla�ng, data analysis and decision pipeline for inclusion in secondary screen. (D) The intra-assay CV 
values of all plates, based on the Z+ values of all plates. The do�ed line at 20 represent the upper limit value that indicates sufficient assay 
robustness. (E) The mean Z’-factor of all plates. The do�ed line at 0.4 indicates a robust Z’-factor. (F) Outlier percentage of all measured 
plates with adequate organoid quality. AUC values above >Q3+(3xIQR) (=5963) of all posi�ve control wells or below Q1-(3xIQR) (=-452) of 
all nega�ve control wells of the plates with a Z’-factor >0.5, were defined as outlier. (G) Binary outcome (hit or no hit) of all wells (from le� 
to right) and PDIOs (from top to bo�om) divided over the two 384-wells plates. A well was selected as hit if the AUC was higher than the 
mean+3SD of the 8 nega�ve control wells (DMSO treated) per 384-wells plate. Wells that were defined as hit are highlighted in green. (H)
Overview of AUC values of the top 30 compound combina�ons and the three posi�ve controls in primary screen, depicted for the PDIOs in 
which the compound combina�on was defined  as hit. In the heatmap, numbers of PDIOs in which the compound combina�on was scored 
as hit based on AUC calcula�ons are stated on the le�, whereas numbers of PDIOs in which the compound combina�on was scored as hit 
based on visual analysis are stated on the right. Bars represent the means of all donors based on one technical replicate in one experiment.
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Figure 2. Iden�fica�on of three main compound families that increase CFTR func�on
(A) Z-scores of secondary FIS screen of  9 PDIOs treated separately with the compounds of the top 30 compound combina�ons, based on 
three biological replicate experiments with three technical replicate. (B) The number of PDIOs in which FIS led to a Z-score above a thres-
hold of 1.5 (le�) and DMSO normaliǌed AUC values of those PDIOs in which the compound was classified as a hit (right). Compound class 
is indicated by color, dis�nguishing between PD�4 inhibitors, RT< inhibitors, CFTR modulators and compounds with a dis�nct MoA.
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Figure ϯ. Woten�al of >aďel �ǆpansion of CFTR Dodulators for Rare CFTR 'enotǇpes
(A-B) VX-770 or VX-809/VX-770 induced swelling of PDIOs at 0.128 µM forskolin for (A) PDIOs expressing a F508del muta�on on one allele and 
a rare CFTR muta�ons on the other allele and (B) PDIOs expressing two rare CFTR variants. Swelling is normaliǌed for residual CFTR func�on 
by subtrac�on of DMSO-induced FIS. Values are based on one technical replicates, derived of one biological replicates. ;CͿ Pearson correla�on 
of drug-corrected PDIO swelling versus lung func�on increase (F�Vpp). CFTR modulator swelling was measured at 0.128 ђM forskolin and 
corrected for DMSO-induced swelling and is presented per CFTR genotype group. Vy-770-treated PDIOs are represented by white dots where-
as Vy-809ͬVy-770 treated PDIOs are represented by black dots. F�V1pp versus placebo values are based on clinical trials, summariǌed in Table 
1. (D) Pearson correla�on of PDIO swelling upon modulator therapy (Vy-770, Vy-809 or Vy-809ͬVy770) and 0.128 ђM forskolin versus 5 ђM
forskolin and DMSO-treated PDIOs.
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Figure ϰ. �cute W��ϰ inhiďi�on increases CFTR func�on at a loǁ nanomolar �CϱϬ
(A) Schema�c of mode of ac�on of PD�4 inhibitors, that by suppressing cAMP degrada�on, result in subsequent eleva�on of intracellular cAMP, 
P<A ac�va�on and increase of CFTR phosphoryla�on and func�on. (B) Delta-CT values obtained via RT-qPCR of the diīerent PD�4 subtypes, 
normaliǌed for CT values of housekeeping gene 'APD,, for WT and CF (F508delͬF508del) donors in PDIOs and pa�ent-derived, diīeren�ated 
nasal epithelial cells. To calculate which PD�4 subtypes diīered significantly from the average of all PD� subtypes, One-Way AEOVAs were 
performed for the CFͬWTͬintes�nalͬairway samples separately, followed by Dunne�s post-hoc analysis. Significance indicated by one asterisk 
corresponds to a p-value ф0.05, significance indicated by three or four asterisks correspond to pф0.005 and pф0.0001, respec�vely. Bars indicate 
the mean of three technical replicates, derived of one biological replicate with errorbars indica�ng the SD. ;CͿ FIS levels (AUC) of 
R334WͬR334W PDIOs upon treatment with a range of PD� inhibitors. To assess significance, a One-Way AEOVA was performed followed by 
Dunne�s post-hoc analysis. Significance indicated by one asterisk corresponds to a p-value ф0.05, significance indicated by four asterisks corres-
ponds to a p-value ф0.0001. Bars indicate the mean of three technical replicates, derived of three biological replicates with errorbars indica�ng 
the S�M. (D) Rela�ve siǌe increase during a FIS assay over �me for R334WͬR334W PDIOs upon preincuba�on or acute treatment with PD�4 
inhibitor roŇumilast (RF). Dots indicate the mean of three technical replicates, derived of three biological replicates with errorbars indica�ng 
the S�M. (E) FIS levels (AUC) of R334WͬR334W PDIOs, upon acute treatment of RF and Vy-770 and a �tra�on range of forskolin.  Bars indicate 
the mean of three technical replicates, derived of three biological replicates with errorbars indica�ng the S�M. (F) FIS levels (AUC) of 
R334WͬR334W PDIOs, upon a concentra�on range of acute s�mula�on with RF. The �C50 was calculated based on logarithmic curve-fiƫng 
using 'raphPad Prism and corresponds to 65 nM. Bars indicate the mean of three technical replicates, derived of three biological replicates
with errorbars indica�ng the S�M.
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Figure ϱ. W��ϰ inhiďi�on eĸcacǇ depends on residual CFTR func�on
(A) RoŇumilast, rolipram or Vy-770-induced swelling (AUC) versus background (DMSOͬother) induced swelling (AUC), for 14 PDIOs indica-
ted by the diīerent colored dots. Dots indicate the mean of three technical replicates, derived of three biological replicates. (B) W1282y-
ͬW1282y PDIO swelling upon treatment with a panel of PD�4 inhibitors, in combina�on with �>y-02 (�), Vy-445ͬVy-661ͬVy-770  (T) or 
SM'1i (S) (le�) or DAP (right). Bars indicate the mean of three technical replicates, derived of three biological replicates with errorbars 
indica�ng the S�M. ;CͿ A heatmap of compound-induced PDIO swelling, normaliǌed to background compounds or DMSO. To calculate 
sta�s�cal significance, One-Way AEOVAs were performed per PDIO to compare compound-incuded swelling to baseline swelling, followed 
by Dunne�s post-hoc tests. Values are the mean of three technical replicates, derived of three biological replicates and significant diīeren-
ces are depicted by oneͬtwoͬthreeͬfour asterisks, corresponding to p-values smaller than 0.05, 0.01, 0.001 or 0.0001 respec�vely. (D)
DMSO-corrected swelling of A445�ͬS1251E airway organoids upon treatment with roŇumilast and a concentra�on range of forskolin. Bars 
indicate the mean of three technical replicates, derived of three biological replicates with errorbars indica�ng the S�M. 
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W 1282X/ L927P 3-hour
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dF/Class I PDIOs + lumacaftor/ivacaftor

dF/dF PDIOs + lumacaftor/ivacaftor

Benchmark  values 
1-hour swelling measurements
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