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Structural Model of CFTR 

S. Aller 



Folding Consortium Capabilities 

CFTR dynamic  

folding mechanism 

Assays and Reagents for drug 

development 

• In vitro NBD1 folding, 

subdomain interactions 

• Cotranslational CFTR 

assembly 

• MSD stabilization and CFTR 

biogenesis 

• NBD stability 

• CFTR domain interaction 

• Corrector MOA 

• CFTR2 pathogenesis 

Cellular defects and CF 

pathogenesis 

• CFTR domain constructs 

• ASL monitoring in primary HBE 

• FRT flp-inTM and other cell lines 

• HRP and HA reporter constructs 

• NBD stability and yield 

• Monitoring CFTR biogenesis with FAP 

• Identifying CFTR subdomain targets for 
small molecule correction 

• Cellular contributors to CFTR2 

folding/maturation 

• Peripheral stability 

• Quality control machinery 

• Emerging strategies for CFTR2 

rescue 

• Ubiquitination and augmenting 

correctable CFTR 

• SUMOylation and CFTR 

correction 
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K. Tuggle 
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FRT cells expressing CFTR2 mutants 

Cell lines 

• Isogenic expression of CFTR 

• Clonal cells selected  

• mRNA level matched within 50% variation of wild type CFTR expressing cells 

• Expression level does not diminish at higher passage numbers (tested up to p31) 

 

Assay 

• Isc Measurement: 1~5X104 cells seeded/filter (day 0) and assayed on day 5 

• Cells incubated with drug for 48 hours: VX-809(3μM), VX-661(3μM), G418(250μg/mL) 

• Drug added on both apical and basolateral sides on day 3 

• Serum lot influences the magnitude of CFTR Isc:  

▫ the same lot used for all CFTR2 assays allowing comparison among different CFTR2 

lines 



FRT cell lines generated to date encoding CFTR2 mutations 

  
Legacy 

Name 
domain 

mutation 

class 

Patient # 

(CFTR2) 
p. 470 

1 wt       M 

2 P67L NT IV 238 M 

3 
G85E TMD1 II 

580 V 

4 - M 

5 E92K TMD1 II 33 M 

6 R117H TMD1 2042 M 

7 Y122X TMD1 I 75 M 

8 R334W TMD1 IV 404 V 

9 
R347P TMD1 IV 512 

V 

10 M 

11 A455E NBD1 V 495 M 

12 S492F NBD1 II 24 M J. Hong 

A. Rab 

  
Legacy 

Name 
domain 

mutation 

class 

Patient # 

(CFTR2) 
p. 470 

13 F508del NBD1 II 64,868 M 

14 V520F NBD1 III 155 M 

15 G542X NBD1 I 3,474 M 

16 S549N NBD1 III 184 M 

17 S549R NBD1 III 61 M 

18 G551D NBD1 III 2,915 M 

19 R560T NBD1 III 340 M 

20 L1077P TMD2 III 93 M 

21 M1101K TMD2 II 176 V 

22 W1282X NBD2 I 1,552 M 

23 N1303K NBD2 II 2,130 M 



FRT lines completed for mechanistic studies 

  Legacy Name p.470 

1 F508G M 

2 F508/V510D M 

3 F508G/V510D M 

4 ΔF/V510D M 

5 ΔF/I539T M 

6 ΔF/R555K M 

7 ΔF/R1070W M 

8 wt -HRP M 

9 ΔF/ -HRP M 

10 ΔF/I539T -HRP M 

  Legacy Name p.470 

11 ΔF/R555K -HRP M 

12 ΔF/R1070W -HRP M 

13 ΔF/R555K+R1070W -HRP M 

14 Luciferase M 

15 Empty M 

16 Y122X-HRP M 

17 G542X-HRP M 

18 W1282X-HRP M 

J. Hong 
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corrector effect 
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* p  0.01 

   n  3 

FRT cells, 3 μM VX809 



Diversity of Corrector Effect (cont.) 

   3 uM VX809,HEK 293  

  C.Sabusap 



Misfolded TMD-1 as a common checkpoint for correction 

Clinical CFTR Mutation Domains 

Amino-tail 
NBD1 NBD2  

C-tail 

TMD1/CL Interface Dysfunction 

NBD instability 

VX809 TMD1 conformational defects 

rescue 



Function 

Protein 

Surface HRP 

Relative mRNA 

FRT flp4 W1282X 

1: wt CFTR 

2: flp4 control 

3: W1282X 

4: G418 

A. Rab 
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Mutation Location Folding Defect

Mean 

Sweat [Cl-]

Mean Lung 

Function 

(FEV1%pred

) DMSO

VX-809

(3μM) DMSO

VX-809

(3μM)

V

x

-

6

6 DMSO

VX-809

(3μM)

Wild-type 0.92 347.2 3.08

F508del NBD1 Severe Folding 102 73.7 0 0.05 5.6 22 1.7 11.6

P67L N-terminal Mild folding 61 72.5 0.01 0.78 37.18 215.66 9.65 30.05

G85E (M) TMD1 Severe Folding 100 71.7 0.03 0.06

G85E (V) TMD1 Severe Folding 100 71.7 0.01 0 3.96 6.04 -0.08 -0.21

E92K TMD1 Severe Folding 77 44.1 0.09 0.41 4.7 65.5 0.8 13.7

R117H TMD1 Mild folding 60 0.84 0.9 69.8 123.73 63.18 94.56

R334W(V) TMD1 No Folding Defect 100 78.5 0.88 0.89 13.61 17.79 3.31 4.35

S549N NBD1 No Folding Defect 101 72.7 0.85 0.88 135.2 156.2 208.9 253.6

G551D NBD1 No Folding Defect 101 0.87 0.91 43.3 53.3 218 277.3

A455E NBD1 Severe Folding 83 75.7 0.09 0.23 19.3 51.5 1 2.1

S492F NBD1 Severe Folding 72 67.9 9.2 38.9 0.04 1.9

R347P TMD1 Mild folding 100 73.6

V520F NBD1 Severe Folding 108 78.2 1.65 4.79 0.01 0.4

R560T NBD1 Severe Folding 103 76.2 0.55 0.56 0.04 0.03

M1101K TMD2 Severe Folding 102 65

R1066C TMD2 Severe Folding 106 74.4

N1303K NBD2 Severe Folding 103 72.5 1.9 3.8 3.3 7

L1077P TMD2 Severe Folding 101 69.4

C/C+B

Fsk stimulated Isc (over 

baseline)

VX-770 stimulated Isc 

(over forskolin)

 μA/cm2, n≥3



Mechanistic Analysis & Theratyping of Rare CFTR2 Alleles 



Folding Consortium Capabilities 

CFTR dynamic  

folding mechanism 

Assays and Reagents for drug 

development 

• In vitro NBD1 folding, 

subdomain interactions 

• Cotranslational CFTR 

assembly 

• MSD stabilization and CFTR 

biogenesis 

• NBD stability 

• CFTR domain interaction 

• Corrector MOA 

• CFTR2 pathogenesis 

Cellular defects and CF 

pathogenesis 

• CFTR domain constructs 

• ASL monitoring in primary HBE 

• FRT flp-inTM and other cell lines 

• HRP and HA reporter constructs 

• NBD stability and yield 

• Monitoring CFTR biogenesis with FAP 

• Identifying CFTR subdomain targets for 
small molecule correction 

• Cellular contributors to CFTR2 

folding/maturation 

• Peripheral stability 

• Quality control machinery 

• Emerging strategies for CFTR2 

rescue 

• Ubiquitination and augmenting 

correctable CFTR 

• SUMOylation and CFTR 

correction 



Mutation WILDTYPE P67L G85E R117H R334W A455E F508del V520F S549R       R560T L1077P

# of Alleles 239 610 1852 425 496 98735 156 70 343 96

Allele Frequency 0.00169 0.00432 0.0131 0.00301 0.00351 0.69856 0.0011 0.0005 0.00243 0.00068

Patients 238 580 1817 404 495 64,868 155 61 340 93

Domain N-terminal TMD1 TMD1 TMD1 NBD1 NBD1 NBD1 NBD1 NBD1 TMD2

Biogenesis Defect Minor Major No Effect No Effect Moderate Severe Major Minor Major Moderate

%FEV1 100 72.5 71.70 81.00 78.5 75.7 73.7 78.2 72.00 76.2 69.40

%PI 0.01 0.26 0.79 0.27 0.42 0.41 0.88 0.98 0.95 0.98 0.86

%Patients 0.01 0.42 0.58 0.24 0.42 0.49 0.56 0.41 0.54 0.68 0.48

%Sweat Cl 40 60 100 60 97 83 102 108 109 101 101

Pulse chase, VX809 10 12 1 10 10 1 3 1 10 1 5

WB,Band B , C18 100 541 412 457 442 470 615 477 806 336.9 637

WB, Band C, C18 100 177 * 72 47.5 104 63 * 92.4 * 66.1

WB,Band B , PIAS4 100 14250 10814 2895 2677 1948 7536 11494 8723 14105 4746

WB, Band C, PIAS4 100 410 * 784 533 259 62 * 2389 * 141.8

WB,Band B , Combo 100 14163 11569 2462 2543 7117 8149 12066 9298 19568 7503

WB, Band C,Combo 100 11059 * 1362 823 702 118 * 6115 * 1398

CS, C18 100 13.4 53 274 499 110 43.6 6.9 98 89 8

CS,PIAS4 100 13.5 11.2 235 389 28.2 4.2 11.2 82 30 1.3

CS,C18+PIAS4 100 182 56 505 659 111 56.9 11.9 273 51 16.4

Forsk,DMSO 37.18 3.96 69.8 13.61 19.3 5.6 1.65 9.2 0.55 *

Forsk, 3 uM VX809 215.66 6.04 123.73 17.79 51.5 22 4.79 38.9 0.56 *

770, DMSO 9.65 -0.08 63.18 3.31 1 1.7 0.01 0.04 0.04 *

770,3 uM VX809 30.05 -0.21 94.56 4.35 2.1 11.6 0.4 1.9 0.03 *

DMSO,C/C+B 100.00 1.09 3.26 91.30 95.65 17.39 * * 92.39 * *

VX809, C/C+B 100 84.7 6.52 97.8 96.73 44.5 5.43 * 95.65 * *

MATURATION 100 12.5 0.39 * * 1.5 0.55 0.138 28.7 0.03 0.5

THERATYPE 1 1 3 * * 2 2 3 1 3 2

M470 55 97 0 75 20 100 100 80 100 100 100

V470 45 3 100 25 80 0 0 20 0 0 0

347.2

Pilot heat map profiling analysis 

C. Sabusap 



Relationship between sweat chloride, pancreatic insufficiency, and FEV1 

C. Sabusap 



Sources for CFTR2 Data Repository 

CFTR2 
Data 

Repository 

iPS and other 
Cell Model 

Development 

CFTR Folding 
Consortium 

Theratyping 
Group 

Structural 
Biology 

Consortium 

Models from 
Gene 

Editing 

Ambry 
Genetics 



Summary 

• A multidisciplinary and comprehensive effort is in progress to characterize 

rare CFTR2 alleles. 

• The project highlights shortcomings of traditional disease categories 

organized by molecular pathogenesis to specify molecular mechanism. 

• The approach will aid in binning CFTR2 alleles according to theratype. 

• New tools and reagents generated through the initiative are available to the 

CF academic and pharmaceutical research communities. 
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