Predicting CFTR modulator clinical
efficacy by preclinical biomarkers
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Mutant CFTR biology and therapeutic susceptibility

CFTR « potentiator »

Defective (VX-T70)
. Function - proof of concept for CFTR rescue
(gating, conductance) [ Ramsey et al. NEJM 2011
S
Defective Processing corrector
: (VX-809, 661)
(Dggaigds ith?lity Limited clinical efficacy
Increased degradation) Ay A W Sermet-Gaudelus et al. ERJ 2014
Readthrough agent
Defective <, no clinical efficacy
Synthesis J”% Sermet-Gaudeluc et al. AIRCCM 2016
Premature termination codon
Gene Therapy (AAV)

Vidovic et al. AJRCCM 2015
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5970 patients in France with at least one known mutation

Others 7.9%
.. |
Premature termination codon 5.7%

Gating 1.0%__

43.5%

/ Homozygotes
F508del

9,8% : HtzF508del/stop

1,8% : HtzF508del/gating

41.9%

Heterozygotes
F508del

Données issues du Registre Frangais




Combination of correction and potentiation for F508del-CFTR
V' X-809 corrector + VX-770 potentiator = Orkambi®
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Heterogeneity of clinical responses to Orkambi®
25% of patients increase by more than 10% their FEV1

Absolute variation of % FEV, % of patients improving their FEV, by
>5% >10%

Average relative change
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MO (n=37) M6 (n=34) P
Female sex no (%) 18 (48.64)
Mean age (range) year 15 (12-22)
Mean BMI Z-score -0.53 -0.36 NS
(range) (-2.43-1.98) (-2.29-1.9)
Number of
i 1.5 (0-6) 2 (0-5) NS
exacerbations (range)
% pred FEV1
Mean (range) 73.8 (25.8-123.1) 77.9 (27.3-116.1)
Subgroup no (%)
<40% 4 2 NS
>40to < 70% 11 8
>70 to <90% 13 10
>90% 9 14
%pred FVC
Mean range 85.7 (27.7-125.6) 91.5 (29.4-118.3) NS
LCI 2.5 mean (SD) 10.25 (1.95) 10.06 (1.81) NS
Sweat test mmol/I 08.96 84.57 0.029
mean (range) (81-118) (44-123) '




In vivo biomarkers do not differentiate clinical response
Responder ( FEV1 absolute variation by at least 10%)

Responder Non-responder P
(n=7) (n=27)

Sweat test variation
Mean (SD) -14.5 (13.43) -14,33 (20.29) NS
Betadrenergic response 0 0
NPD variation (mean (SD))
Delta Amiloride 5.9 (12.44) -6,8 (16.02) NS
Delta O-Chlorure -2.56 (2.45) -1.36 (7.98) NS
Il)elta Isoprotérenol -2,06 (5.68) -0,549 (8.91) NS
Delta O- -2.98 (3.1) -2.47 (9.87) NS
Chlorure/Isoprotérénol




Preclinical biomarkers

Develop a patient — cell
specific biomarker

that can reliably predict
respiratory improvement
upon therapies in patients

$

to preselect responder
patients predicted to benefit
from a given treatment




Preclinical biomarkers related
to the presence/function of CFTR

Study physiologic systems
iImpacted by CFTR

Observe reversal
of functional defects

v
Organ Epithelium Cell



(1) Evaluation of CF patient’s derived primary nasal
epithelial cell cultures aiming to predict clinical
efficacy of CFTR modulators



Primary human nasal epithelial cells
— isolated by nasal brushing of medial wall and the inferior
turbinate of each nostril

Primary human bronchial epithelial cells
— isolated from bronchial explants after lung transplantation
or lobectomy

Submerged culture  Air-liquid interface
Amplification culture of
medium differentiated cells

Pseudostratified Epitheilum

Primary HBECs

6 0s0eande _d_b_g__q.f“o“c ® P

0.4 ym-pore membrane

Human nasal epithelial (HNE) cell cultures
Human bronchial epithelial (HBE) cell cultures



Cell culture differentiation

70-1 K8 ~ Muc5AC __aTubulin CFTR CFTR (Mr Pink

Z0-1 Keratin 8 Nucleus aTubulin




» Compare the primary human nasal epithelial (HNE) cell cultures with human
bronchial epithelial (HBE) cell cultures
* CFTR function : Short-circuit-current (Isc, index of CFTR activity)
» CFTR expression and localization : Cytoimmunochemistry



Isc — short circuilt current - measurement
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CFTR function and expression in HNE vs. HBE cell cultures
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Apical CFTR fluorescence (x10°)

Correlation of CFTR activity and apical expression in cell cultures
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» Establish correlation between ion transport in primary HNE cell cultures and
nasal epithelium in patients
 Isc vs. nasal potential difference (CFTR activity)



NPD — nasal potential difference - measurement

Measures the potential difference (voltage) across the nasal epithelium, which results from trans-
epithelial ion transport
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CFTR activity in nasal cells measured in vitro and in vivo
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» Test correction of mutated CFTR by VX-809 in HNE and HBE cell cultures
» Towards personalized therapy



V' X-809 stimulated correction of CFTR-dependent CI- secretion
and CFTR apical expression (patient specific)
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Alsc Fsk/IBMx+VX-770 (uA/cm?)

Correction of CFTR-dependent Cl- secretion in
composite heterozygote cells (mutation specific)
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» Correlate CFTR activity in Orkambi-treated HNE cell cultures with clinical status
of CF patients treated with the same molecule
* lIscvs. FEV1



Correlation of CFTR activity in VX-809-treated HNE cultures with
clinical status of CF patients — Isc vs. FEV1
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(2) Evaluation of CF patient’s fresh cells



PFA L12B4 Frozen cells from nasal brushing

e

Green: B-tubulin
Blue: DAPI




(3) Evaluation of CF patient’s derived primary
Intestinal cell cultures
organoids



Organoids from intestinal biopsy







Conclusions

Primary HNE cell cultures recapitulate the properties of HBE
cultures and constitute physiologically relevant model to
evaluate correctors efficacy

CFTR activity in Primary HNE cell is correlated to in vivo
activity

Primary HNE cell cultures allow to differentiate different levels
of CFTR activity

More data about
= |ntrapatient variability/reproducibility
= the clinical relevant theshold



Perspectives

Large study to test whether correction of CFTR function and expression in
HNE cell cultures reliably predict respiratory status in CF patients, and the
clinical relevant theshold

Comparison of in vitro drug responses in HNE cultures and rectal organoids

CFTR gene sequencing to study

- Additional variant(s) in the CFTR gene in cis or trans position to the
primary mutation

- Exon skipping (9T)

- Silent mutations — which do not change final amino acids, but might
impact on CFTR function

- Epigenetic changes (DNA methylation, histone modification)

Proteomics/transcriptomics to study additional factors that modulate disease
severity and response to treatment (modifiers genes)



Basic research 4—p [ranslational research

Molecular basis for response B

<_M_ Patient derived tissue
Known CFTR correctors . | ‘

Modifying factors of the response @ “ Theratype”

Precision therapy 4P Personalized medicine
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Mutations that cause CF

Class | Class Il Class il Class IV Class V

Normal Defective Defective Defective Defective Reduced
production processing regulation conductance amounts

Correctors Potentiators

F508del mutation — processing and gating defect

VX-770 (lvacaftor)

on

VX-809 (Lumacaftor)
i IDXL fjbi C{j)* v E



CFTR protein biosynthesis




Defect of ion transport through respiratory epithelium in CF
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Mutations of CFTR and therapeutic strategies for basic defects
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Adapted from Brodlie et al., 2015



Combination of correction and potentiation for CFTR-F508del
VX-809 corrector + VX-770 potentiator = Orkambi®

VX-770 potentiator

ivacaftor
CFTR-F508del has double

o defect of trafficking and
\ 2 function

' Classiv

VX-809 corrector
lumacaftor

Transcription
and splicing




The F508del/S549N patient and potential effects of combination therapy

Before treatment After 1 month of Kalydeco After 6 months of Kalydeco
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Responder (n=7) | Non-responder (n=27) p

Sweat test

Mean (SD) -14.5 (13.43) -14,33 (20.29) 0.99

LCI 2.5 n=2 n=7 0.25

Mean (SD) -0.36 (1.1) 0.18 (0.39)

BMI Z-score n="7 n=17 0.2

Mean (SD) 0.32 (0.34) 0.12 (0.35)

NPD n, mean (SD)

Delta Amiloride n=3 n=11 0.23
5.9 (12.44) -6,8 (16.02)

Delta O chlorure n=3 n=12 0.80
-2.56 (2.45) -1.36 (7.98)

Delta Isoprotérenol N=3 N=11 0.78
-2,06 (5.68) -0,549 (8.91)

Delta O chlorurelsoprotérénol n=3 n=11 0.93
-2.98 (3.1) -2.47 (9.87)
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Changes of CFTR functional measurements and clinical @w"w
improvements in cystic fibrosis patients with non p.Gly551 Asp
gating mutations treated with ivacaftor

Myriam Mesbahi *', Michal Shteinberg "', Michael Wilschanski ¢, Aurelie Hatton ®,
Thao Nguyen—Khoa *, Hannah Friedman ¢, Michael Cohen “, Virginie Escabasse ©,
Muriel Le Bourgeois ®, Vicenzina Lucidi *, Isabelle Sermet-Gaudelus ***,
Laurence Bassinet -7, Galit Livnat »-°-2
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