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Pathogenesis of CF Lung Disease

Defective CF Gene Product Normal Cystic Fibrosis

‘ Nat

Defective lon Transport
Airway Surface Liquid Depletion

Defective Mucocmary Clearance

Obstructlon

Infectlon Inflammation
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Three-Pronged Approach to Drug Discovery

Discover new
therapeutic
agents to treat
or replace the
underlying
defective protein

Discover new
therapies to treat
secondary
consequences of
dysfunctional

CFTR protein
(e.g., inflammation
and infection)

\ 4

ldentifying
approved medical
therapies that
may benefit
patients with CF
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‘Low-Hanging Fruit’ Approach to CF Clinical Trials

Advantages
Develop Faster
New Drugs Cheaper
Immediately available
to patients
Low risk for industry
Well defined safety profile
Zrngling Examples
Approved
Drugs to CF Ibuprofen

Azithromycin
Hypertonic Saline
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Our Goal: “Disease Modification” — Slowing or Stopping

the Rate of Lung Function Decline

A B Increase FEV, without
100 100 . change in rzlde of decline
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20 20
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CF lung disease begins before loss of FEV,

Birth TIME
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Targeting of Interventions

CFF Consensus

Guidelines
Obstruction

>

Early structural

lung damage
Signs/Symptoms priofen Guidelines
l hypertonic saline macrolides
: ithromycin)
_ _ B,-agonists _(a2|
Spirometric loss = ‘ ibuprofen

B,-agonists )
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Defining CF Patient Populations for Therapeutic
Interventions: Staging Structural Damage

Childhood

CF Pulmonary Disease Progression

N AN J\_ J\_ J\_ A J
Y Y Y Y Y
. Normal Il.Air trapping lIl. Regional IV. Early V. Late VI. Complications
alrway differences in Bronchiectasis bronchiectasis

. airway thickening  Mucus plugging
Treatment Paradigms:

T T ~N T T T

Prevention Correction of Exacerbation Chronic stabilization Treatment of
reversible changes therapy complications

Brody A et al, AJRCCM 2005;172:1246 AH EAD ?l";Ec U RVE

EMERGING CF THERAPIES 2009



Molecular Consequences of CFTR Mutations
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G542 G551D R117H A455E
Frameshift AA deletion Alternative

394delTT AF508 Splicing

Splice junction 3849+10kbC—>T

1717-1G—>A
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Molecular Consequences of CFTR Mutations
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Mucus Clearance Is a Key Component of Normal Lung Defense,
Depends on Adequate Surface Liquid Volume, and Is Defective in CF

Secr?tion

Alveolus Secretion Alveolus
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Potential Enhancers of Mucociliary Clearance by

Mechanism of Action

MARKETED
PHASE 3
PHASE 2 .
i () i
< = :
& B
PHASE 1 Q h
2 o= 7 R 7 &
PRE-CLINICAL | & o o =2 S SRR o s = 2
o N~ o ® . < | S o = =] >
£ oy 3 S EE - B 5 3
3 z 3 B = 0l T o o o
CFTR Alternative Cl Channels Sodium
transport .
Chloride transport activation inhibition Osmotic Surfactant/ Ciliary
agents .
lubricant beat
lon transport modulation secretion increase
Airway hydration
Enhancement of mucociliary clearance
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Pathogenesis of Cystic Fibrosis lung disease

a NL
60 um/s

b CF

O um/s

hé pO,

Worlitzsch et al., J Clin Invest 109;317, 2002

I-
- (0 (0 (a1

Normal = adequate ASL, well-hydrated mucus,
effective mucociliary clearance, normal O, consumption

Mutant CFTR = inadequate ASL, dehydrated mucus,
paralyzed mucociliary clearance, elevated epithelial O, demand

Mucus plugs and plaques, hypoxic microenvironment

CF pathogen colonization Vaccines

CF pathogen macro-colonies/biofilms, Antibiotics

permanent infection
Ineffective host defense/ Anti-inflammatories
excessive inflammation
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Potential Anti-Inflammatory Strategies for the

Treatment of CF

Bacterial infection }_ T —

TLR }— Receptor antagonist

CFTR @ _
Correctors/ ENaC ® @ Pseudomonas aeruginosa, Staphylococcus aureus
Potentiators Inhibitors @ Haemophilus influenzae

Gene | \
Therapy ®l

/4

NFKBW OO \

Pathway |

Genetic mutation|
CF phenotype

NFkB pathway
Inhibitors

Epithelium

-
Acid Sphingomylinase —( TCeramide
Inhibitors e.g. amitriptyline

Cytokines

Pro-inflammatory )_ Monoclonal Antibody,
Receptor antagonist

Apoptosis
Promoters
e.g. CDK1 inhibitors

®
— (&
Inhibitors

- Lymphocyte
/ Neutrophll\‘NETS T

LTB, e.g. Pulmozyme
1
Receptor Proteases }_ Anti-proteases
Antagonist e.g. a,-anti-trypsin,
neutrophil elastase inhibitors

KH Banner et al, JCF 2009;8:1-8

ROS —p N2 & Th17

cytokines
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Therapeutic Approaches to CF

Altered lon Infection & Organ
Abnormal Abnormal CFTR Abng?rr;ifcl\)/lracus Inflirnmatlon g::tr#;:)orn
Genes Protein issue P y

Secretion Destruction Failure

Current:

None None rhDNase Anti-Inflammatories Transplantation
Hypertonic Saline Anti-Infectives (Lung, Liver)
Physiotherapy Bronchodilators
In Development:
Gene Therapy Protein rescue Proper lon Anti-Inflammatories Stem Cells
Modifier Genes “Correction” Transport Anti-Infectives

“Potentiation”

<
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