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Burden of CF

+ Most common “life-shortening” recessive disease in
Caucasians

+ 1:3,200 in the northern Europian US
1:15,000 population in blacks

1 :10,500 Native Americans

o + 1:9,200 Hispanics

PPN + 1:31,000 Asian Americans

o = 1:90,000 Asians

o

e

ppaen (Ref : emedicine medscape)
| + 1,000 new cases diagnosed / year.

+ More than 70% diagnosed by age two.
+ More than 45% of CF population is 18 Y or older.
+ predicted median age of survival is more than 36.9 years.M>|




Cystic fibrosis

CFTR gene (7g31.2)
m

p ) q
Chromosome 7
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Autosomal Recessive Inheritance
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Cause of Cystic Fibrosis (CF)

 The "CFTR” gene is mutated
—3 base pairs are deleted

« Mutant protein is missing an amino acid
and cannot fold correctly
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Cystic Fibrosis

Chromosome
#7

\
CFTR
gene

Y The most common allele
that causes cystic fibrosis is
missing 3 DNA bases. As
a result. the amino acid
phenylalanine is missing

] Normal CFTR is a chiloride
ion channel in cell
membranes. Abnormal
CFTR cannot be transported
to the cell membrane.

fromthe CFTR protein.

o

The cells in the pel
are unable to trans
ions. As a result, the

become c}am wﬁm

MLUCLUS.
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CFTR OPEN

Cell membrane

CFTR CLOSED
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Normal CFTR function

ouT
LIPID BILAYER

1. Active CFTR.
= Cl- transport across apical epithelial
= surface.

Low Na+ transport into cells via ENaC.

ATP

I 4l

P
ch cl-
Cl- Cl-
Cl- Cl- Cl-

Cl-
Cl-

http://www. Cfgenetherapy. org. uk/ cysticfibrosis/article/
What_causes_ Cystic_Fibrosis




Abnormal CFTR function

. Nas#
NE Nas Ma® Nas MNas
Mas e Nas Ha+
ouT 5 o 2. Inactive CFTR
No Cl- export via CFTR.
LIPID BILAYER u:: E High levels of Na+ uptake by ENaC.
IN
o ck cl-
cl- Cl-
Cl- - -
cl- cl- cl-

http://www. Cfgenetherapy. org. uk/ cysticfibrosis/article/
K What_causes_ Cystic_Fibrosis




Mucociliary clearance

The importance of airway hydration

Normal
mucociliary transport

Ratjen F NEJM 2006

/




e

Airway surface liquid depletion in CF

Cystic fibrosis

mucociliary transport
-_.-

Ratjen F NEJM 2006

™

/




" CF Pathophysiology

CFTR gene defect

v

Defective ion transport

\

Airway surface liquid depletion

v

Defective mucociliary clearance

\/

Mucus obstruction

Vs

Infection Inflammation




Defective
CFTR protein

f

Two defective
CF genes

Decreased water in Progressive loss of
ASL thick mucus Bronchiectasis Scarring lung function
Abnormal CI- permeability Mucus obstruction Inflammation Bacterial infection

Altered ionic transport

, ’“.be S

SIS




Gene replacement — gene editing

mRNA repair-based therapy CFTR gene mutation
CFTR modulators Defective CFTR protein

}

Abnomal epithelial ion transport
Airway surface liquid depletion
Defection mucociliary clearance

ENaC inhibitors
Alternative chloride channel activators
Hypertonic saline

Hyperosmotic agents
Obstruction
Antibiotics -
Anti-inflammatory drugs ~ Chronic bacterial infection Chronic lung inflammation
Physical therapy
k Scarring 4—/
v
Bronchiectasis
v

Lung transplantation Irreversible lung injury
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Improved Survival with Treatment Innovation

Incremental Modest Benefits N

Advances in therapy have been incremental Medicire for CF
= Individual benefit is modest but cumulative

« Life expectancy greatly increased
 Conere care ai il

lvacaftor

“ Colobreathe
Bronchitol
40 rFE iCF pene TIP
357 NPD and  ‘centified
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30 Clearance :H:reeninlg HTS
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Antimicrobials

Anti-Infective | Learn more>

Pre-clinical Phase One Phase Two Phase Three To Patients

Vancomycin Inhalation Powder (AeroVanc™) » For treatment of MRSA

Fosfomycin/Tobramycin Inhalation Solution Equivalence to nebulised aztreonam
(FTI) > in phase 2 studies

Gallium (IV) »

Nitric Oxide (Inhaled) »

ALX-009 » Combination of hypothiocyanite and lactoferrin

Gallium (Inhaled) »




Mucociliary clearance

Mucociliary Clearance  Learn more»

Pre-clinical Fhase One Phase Two Phase Three To Patients

Dornase Alfa (Pulmozyme®) »

Hypertonic Saline »

Inhaled Mannitol »

OligoG

QBW276 »

SPX-101 »

Epithelial sodium channel

VX-371 formerly (P-1037) »
(eNac) inhibitors

AZD5634 »

lonis »




Anti-inflammatory

Anti-Inflammatory Learn more

Pre-clinical Phase One

Anabasum (JBT-101) »

Acebilustat (CTX-4430) »

LAU-7b »

POL6014 »

Phase Two

Phase Three To Patients

Enhances resolution of inflammation

Reduces sputum neutrophil elastase
and serum CRP

Enhances resolution of inflammation

Inhaled neutrophil elastase inhibitor
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functional CFTR * -

Potentiation (lvacaftor,...)

, R117H: conductance defect
el F508del: gating defect
4@ G551D: regulation defect

- Stabilization .

—

r;éél;em"? Correction of membrane trafficking=—— Personalized medicine
-2 iR (Lumacaftor,..) of cystic fibrosis:

Choosing the optimal thera-
é}idgpfasmiﬁ reifcufﬁfn"“-- 4m= F508del: maturation defect peutical option according o
> _ . the genotype

Golgi apparéfus_

| foomy §

/ Mv\t\l"fuﬂ.'engfh ' = (542X stop codon

4 Translecture
| "; » .f
\ wm DNA
nucleus .
: - Gene therap_nyf,
Genome editing

https: / / news. cnrs.ﬁ/artic]es /new—strategics—to—ﬁuqht—cvsticjﬁbrosis
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OVER 2,000
DIFFERENT

MUTATIONS

OF THE

GENE




Classes of CFTR Mutation

>2000 mutations identified

Class I Defective synthesis
Class I Defective processing
Class Il Defective regulation
Class IV Defective conductance
ClassV  Reduced quantity

Class VI Increased turnover

Rowe SM et al., NEJM 2005




QUANTITY of functional CFTR FUNCTION of CFTR at the
at the cell surface is affected cell surface is affected

Some functional
CFTR

I S o Ve,
{ Class | Class Ii i Class v Class VI y Class I Class IV
Premature stop |§ Causes improper Causes errors in | Causes Causes a defect j§ Causesa
H codon or folding resulting |8 RNA splicing that § increased cell in regulation that | structural defect
4 alteration of in defective i lead to reduced | surface turnover || impairs opening f§in the CFTR
critical RNA cellular (variable) and degradation of the CFTR channel that
] signal resultsin |t processingand [ quantity of of CFTR 4 chloride channel |§ reduces the
 failure fo delivery of CFTR | functional CFTR 4 (gating) passage of ions

through the
channel opening
(conductance)

4 synthesize full- | protein to the cell |
H length CFTR surface i
4 protein

Ruwe SM MI"BI" S Snrscher EJ N Engl J M&d 2005;352:1992-2001.

Welsh MJ, Smith AE. Cell. 1993,73:1251-1254.
Zielenski J. Respiration. 2000,67:117-133. © Vertex Pharmaceuticals Incorporated, October 2010
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c- CF Cr

¢ |e 4,“ € e |e

ck CP ck

wt-CFTR I | Il \' ' Vi
Defect types ~ No protein No traffic ~ No function fulnﬁison Less protein  Less stable
G85E
, G542X V520F R117H A455E
Mitaton — Resax prid S5AR  RIMW  1680-886A°G gﬁgi
P W1282X G551D  S1235R  2657+5G>A
N1303K
Reauired Rescue Correct Restore Restore Maturation / Promote
equ:r; protein protein channel channel Correct protein
e synthesis folding conductance  conductance misplicing stability

Frontiers in Pharmacology, Sep 2016 /
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1  CFTR defect type:
1
| Il il [\ V' Vi
No protein No traffic No function Less function Less protein Less stable

cr

+Vi)“*

cr

9 | £

7
. G542X (a) F508del G551D R117H Ad455E
Jutafion  w1282X (a) N1303K S549R R334W 3272-26A>G C;nggg’f
P 1717-1G (b) A561E G1349D A455E 3849+10 kb C>T
Corrective Rescue Rescue Sﬁ::lﬁrj Sh&;ﬁ;e: Correct Promote
therapy synthesis traffic activity activity splicing stability
AONs
Drug Read-through Correctors Potentiators Potentiators Correctors Stabilizers
compounds .
Potentiators




High-Throughput Screening
Speeding Up CF Drug Discovery

Screening Assay

Priortize hits

=10,000 Primary assays/day

s

SAR based
Medicinal
Chemistry

"

Couresy of Verfax Pharmaceubzals CFTR Modulator Drug
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CFTR Modulators: Different Mechanisms of Action

(e.g., F508del)

CFTR Potentiators

Increase chloride transport by potentiating the
channel-open probability (or gating) of CFTR

protein at the cell surface

e.g., ivacaftor (VX-770)

CFTIR Correctors
Increase chloride transport by increasing the
quantity of functional CFTR delivered to the cell

surface

e.g., first generation (lumacaftor, tezacaftor);
next generation (VX-440, VX-152, VX-659,
VX-445)




Restore CFTR Function | Learn more »
Pre-clinical Phase One Phase Two

Ivacaftor (Kalydeco®) »

Lumacaftor + ivacaftor (Orkambi®) »

Tezacaftor (VX-661) + ivacaftor »

CTP-656 (Deuterated ivacaftor) »

FDL169 »

GLPG2222 »

QBW251 »

Riociguat >

VX-152 + tezacaftor + ivacaftor »

VX-440 + tezacaftor + ivacaftor »

VX-445 + tezacaftor + ivacaftor »

VX-659 + tezacaftor + ivacaftor »

PTI-428 >

PTI-801 >

QR-010 »

/Il

Phase Three To Patients ‘”“ A O
potentiator d‘
corrector

corrector

potentiator

enhances CFTR function

corrector C FT R

corrector

corrector m Od U Iator
orector development pipel

amplifier
corrector

repairs CFTR mRNA

™

Make&GIF.com

Ine

/
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Absolute change in % predicted FEV,

Absolute change in % predicted FEV,

(% paints, mean [SE])

(% points, mean [5E])
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Ivacaftor vs Placebo / G551D CF patients

ivacaftor —» vacaftor
Placebo —W vacaftor

PERSIST

il“'a vacaftor initiated
-5 | I | | | | | I | | | | | |
ENVISION
207 ENVISION i PERSIST
15

=
1

Ll'l

1]

“%

Iﬂ—|

/‘ BN

hvacaftorinitiated

}I\%

—5

6[:- ?2 34

Week

I
1624324045

Lancet Respiratory Medicine 2014 /




Absolute changeinweight

Absolute change inweight

(kg mean [SE])

kg, mean [SE])
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Lancet Respiratory Medicine 2014 /




Lumacaftor / Ivacaftor in delF508 Homozygous CF patients

A -& Lumacaftor 400 mg every 12 hivacattar 250 mg every 12 h
g - TRAFFICand TRANSPORT 1+ PROGRESS -8~ TRAFACand TRANSPORT placeba
E‘ | -8 Placebo and umacaftor 400 mg every 12 hiacafior 250 mg every 12 h
: - |
& | .
= . o B - T—
EF { —
E B - I T
52 - —
E = 1 P —
SRS O N S D R ) NS S S
£8
2 .
= I
! [ | | [ | I | | | | | I 1
B
1t
& 104
£
2 o 08
5 1 —
& ) _—
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E E — ~ -_____.-
g 7 04 —
5 E -
E'E = 0214
o i -
0 Lurnacaftor and wacaftor initiated

Lancet Respir Medicine 2016
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Lumacaftor / Ivacaftor in delF508 Homozygous CF patients

¥ L
D
TRAFFIC and TRANSPORT
14 - : [ Plsceba
I Lumacaftor 400 mg every 12 hivacaftor 250 mg every 12 h

17 - I Flacebo tramsitioned to kmacaftor 400 mag every
E 12 Wivacaftor 250 mg every 12 h

10 4
2 PROGRESS
; 08 - TRAFF and TRAMNSFORT
E 1
£ TRAFAC and TRANSPORT
& 06 — PROGRESS
B PROGRESS —
E
E D4 I 1
g
ir

02

D - I - - - I - -
Pulmonary eacerhations Pulmonary exacerbations requiring Pulmonary exacerbations requiring
hospital admission intravenous antibiotic use

Lancet Respiratory Medicine 2016
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Lumacaftor /Ivacaftor in delF508 Homozygous CF patients

05

ppFEV, (GLI) estimate
L
&
]

—8- Lumacaftor 400 mqg every
12 hfivacaftor 250 mq

every 12 h (n=455)
—&- Control (n=1588)

Lumacaftor/ivacaftor-treated patients
§—__ PPFEV, loss-1:33 peryear (95% CI -1-80 to-0-85)

5238 }
+x'x“a. >335 +

"}L_ > 431

F508del-CFT R controls ppFEV, E'H.H
loss-2-29 per year (95% Cl -2-56 to -2.03) “‘wx+ﬂ'

55

| | |
Start Yearl Year 2

Lancet Respiratory Medicine 2016
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Tezacaftor Ivacaftor in delF508 Homozygous CF patients \

Absolute Change in Percentage

of Predicted FEV,
(percentage points)

Tezacaftor—ivacaftor

Placebo

-3 I I I I I
Base- Day Wk Wk Wk Wk Wk
line 15 4 3 12 16 24

N Engl ] of Medicine, Nov 3, 2017 /




A Patients without Event

B Change in BMI
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/ Tezacaftor / Ivacaftor vs Ivacaftor vs Placebo in delF508 /RF CF patients \

Absolute Change in Percentage
of Predicted FEV,
(percentage points)

8_
i T ftor—ivacaft
ezacaftor—ivacaftor P
—
lvacaftor
Placebo
_2 | | |
Base- Day Wk Wk
line 15 4 8

N Engl ] of Medicine, Nov 3, 201 7/




e
Second generation

correctors/combinations

e ~10% increase in absolute predicted FEV,

® Same as ivacaftor in G551D

® Significant sweat chloride reductions

® Phase 2 studies to determine optimum combinations




Absolute Change in Lung Function Over Time

™

Mean Absolute Change in ppFEV, (LS Mean +/-SE)
(Percentage Points)

Swe¢

(LS Mean +/- SE)
w i -
S =) =) =)

W
=t

Mean Absolute Change in Sweat Chloride (mmol/L),
3

14

12

10

FEV1%

10,6

VX440 + tez/iva vs. placebo DF508/min

VX440 + tez/iva vs tez/iva
DF508/DF508

Through

Day 29*
+9.5

-2.5

Through
Day 29*

(121 )

31.3

e




Absolute Change in Lung Function Over Time

157

a
2

(Percentage Points)
[9,]

Mean Absolute Change in ppFEV, (Mean +/- SE)

D3

Swea

-
°

=
=]

W
i

i
293

=]
-
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Mean Absolute Change in Sweat Chloride (mmol/L),
(Mean +/- SE)
[l
S

12

10

FEV1%

VX152+tez/iva vs placebo

10,6

DF508/min VX152+tez/iva vs tez/iva DFE508/DF508

& Placebo =#=VX-152 100 mg + TEZ/IVA =®=VX-152 200 mg + TEZ/IVA ‘

=®-VX-152 200 mg + TEZ/IVA




Absolute Change in Lung Function Over Time

VX-659: F5
157

10+

Mean Absolute Change in ppFEV, (Mean +/- SE)
(Percentage Points)

k- Placebo

VY X-

12

FEV1%

VX659+tez/iva vs placebo  DF508/min

Reduced

{ k- Placebo

== VX-659 120 mg + TEZ/IVA




CFTR amplifier

® Proteostasis, PTI-428 ——

® Novel class of action

® Increases amount of CORRECTOR
CFTR protein Py
substrate —_—

AMPLIFIER




CFTR amplifier

® Works in addition to

other modulators

® Part of Proteostasis

pipeline

g_.
1
£
5
=3
F2
22
B 3
o

DMSO potentiator corrector potentiator
+ cormector

- without amplifier + with amplifier




Amplifier works across all classes of

defect

|
Stop Codon
Mutation

I
Processing

Mutation

i
Gating
Mutation

v
Conductance

Mutation

Protein translation
prematurely stopped

Misfolded protein
fails to reach surface

Abnormal regulation
of ion flow

Faulty channel
conductance slows
ion flow

o B

potentiator potentiator
+comector + comactor

+ amplifier

G542F508del-CFTR protain activity
(%% of cormmector + potentiator)

potentialor  potentator
+ comector + cormactor
+ amplifiar

F508del-CFTR protein activity

(% of carmector + potentiator)

(% of potentiator)

potentiator potentiator
+ ampifiar

G551 DIF508del-CFTR protein activity

193%

50

0

potentiator potentiator
+ amiplifier

R117THF508del-CFTR protein activity
(% of potentiator)




Biological Understanding of CF Provides Path to

Develop Medicines for All Patients

Biological Problem Therapeutic Approach
__ Defective CFTR m
Function Tatdecs
T
Defective CFTR LCorrectors
— Protein Trafficking n o tmu&:ﬁaﬁn
and Folding ORKAMBI"  vxas2
e V=659

; i Genetic Approaches
| Defective Pl‘rﬂtEtn Gene Editing (CRISPR)
Synthesis

mANA (Moderna)
Gene Therapy

Market Reafst
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DNA editing

'. !""ll"ﬁ 2l | ”l 1& r|r|||'||_1'.'_ f .L:I'ilq F'lll |—.F| . -::rl 1.'|'||'|";'- “l...' 1 ".'I':.lllf'::.l il Version

of a word-process r'lp,;"-'ii'.':r‘l"r'n-ﬂﬂ “find and replace” function

HOW THE TECHNIQUE WORKS

DNA-cutting
aLge enyme

maolecule - ‘

Dielective

DMA strand

He3 Ny
UA, st rand

Mucleus

NIOMosome =i

Acellistransfected  Aspecially designed Anenzymecutsoff  The defective DNA

with an enzZyme 3y nthetic gu de the T.':I'F"'-'-_'T IMA strand is "‘jii'l-fr"i:
complex containing  molecule finds the strand with a healthy copy

}n. sUcle mole ||.:] ?”."'J --Ir':"'I [r.-”":t
’!—'n— |r TV L-' I:':FI

Bk DNA-cutting : F
i Sources: Reuters; Nature
nzyme ters,
. .|I : I-I-'::r"-.':.'l'l..ﬁ.*_—”‘.|'*.'.|r,_,'|+'—':.r TH.-l.lrl.:I-'q-l'r

. FTRLE, D LT



http://www.google.gr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjxwvqhj5TXAhWLK1AKHWIiC-sQjRwIBw&url=http://www.dailymail.co.uk/health/article-5017253/Gene-editing-technology-fix-cystic-fibrosis.html&psig=AOvVaw0vd_mjocLXhuT2n3AuLrCx&ust=1509307485450500

Gene editing >

* Allows precise modification of genes
® Early in vivo data promising
® Barriers

® Delivery in vivo

* “Off target effects”

® Ethical considerations




Organoids

e 3D cell culture retaining some

functions of the organ of origin

® Intestinal organoids derived from

rectal biopsies

* Swell in the presence of forskolin

if CFTR functioning
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Control

Healthy control

Dutta, DcanI']g@ E]O|d5
Trends in Molecular Medicine , Volume 23 | Issue 5 , 393 -
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2 UUTTEP OO LLOLTLKAL. .

[ToAAG vea pap HOKOQ TTOV QPOPOVV TNV OV UTTTW uarucn
Gspomswc NG VOOOU BPloKOVTAL OE TIPOXWPTUEVT] (PAOT
KALVIKWV LEAETWV

'Exel avoiel o Spopog ¢ “e€atopukevuevns’’ Bepamelag g
KUOTIKNG (vwonG (0TOX0G Ol LETAAAAEELG TOV CUYKEKPLUEVOU
aoBevoug)

EvBappuvtika Sedopeva otny yovidlakn Bepatmeia

Neeg uébodol ya mv aELvoyn oM TNG ATOTEAECUATIKOTITAG
TwV BepameVTIKWY TTApeUPBAoEwV
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