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| Panel 2: Functional classification of CFTR alleles
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La teoria per .... la pratica
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Oltre agli ambiti di ricerca “clinica”

Molte aree di ricerca “di base” per curare i sintomi
esempio:
inflammazione, infezione, etc...

Molti candidati farmaci “nuovi e vecchi rivisitati...”
esempio:
“nuovi” anti-inflammatori
“nuovi” antibatterici




Sostituire la CFTR che “non funziong”

K

Circolo vizioso FC

Stem cells

Problemi:
» Colonizzazione delle cellule dei tessuti bersaglio
* Integrazione funzionale

Problemi:
» Efficienza di trasferimento genico

Terapia geﬁica » Efficacia nella correzione del difetto di canale

» Persistenza transitoria dell’espressione
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Corretiori e potenziatori

The NEW ENGLAND
JOURNAL o MEDICINE

ESTABLISHED IN 1812 NOVEMBER 3, 2011 VOL. 365 NO. 18

A CFTR Potentiator in Patients
with Cystic Fibrosis and the G551D Mutation

Bonnie W. Ramsey, M.D., Jane Davies, M.D., M.B., Ch.B,, N. Gerard McElvaney, M.D., Elizabeth Tullis, M.D.,
Scott C. Bell, M.B., B.S5., M.D., Pavel Dievinek, M.D., Matthias Griese, M.D., Edward F. McKone, M.D.,
Claire E. Wainwright, M.D., M.B,, B.S., Michael W. Konstan, M.D., Richard Moss, M.D., Felix Ratjen, M.D., Ph.D.,
Isabelle Sermet-Gaudelus, M.D., Ph.D., Steven M. Rowe, M.D., M.S.P.H., Qunming Dong, Ph.D., Sally Rodriguez, Ph.D.,
Karl Yen, M.D., Claudia Ordofiez, M.D., and J. Stuart Elborn, M.D., for the VX08-770-102 Study Group*




Necessita dei orrettori per la AF5
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Js- CFTR

CFTR Modulator Program Goals
(Corrector and Potentiator Drugs)

« Orally bioavailable drugs

* Two targets:

Potentiators:
Increase opening
(gating) of CFTR
channels

Correctors:
Increase number
and function of
CFTR channels
at the cell surface

F508del



Perché i correttori hanno un razionale?

» La AF508-CFTR non raggiunge la membrana
ma puo funzionare (anche se parzialmente)

» E’ sufficiente un recupero di funzione di circa il
20% per ottenere effetti sul fenoitipo

» Esistono strategie iIn vitro che possono
correggere il difetto di “folding” e “trafficking”
della AF508-CFTR (esempio: bassa
temperatura)



Correctors:
Increase number
and function of
CFTR channels
at the cell surface

F508del

Correction of the F508del-CFTR protein processing
defect in vitro by the investigational drug VX-809

Fredrick Van Goor”, Sabine Hadida®, Peter D. J. Grootenhuis®, Bill Burton®, Jeffrey H. Stack”, Kimberly S. Straley”,
Caroline J. Decker®, Mark Miller®, Jason McCartney®, Eric R. Olson®, Jeffrey J. Wine®, Ray A. Frizzell®, Melissa Ashlock®,

and Paul A. Negulescu™'

Efficacia dimostrata in vitro



~ome SONo identificate queste molecole
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Screening fra migliaia di molecole
con test in vitro

Top-down approach



La ricerca per .... la cura

ORIGINAL ARTICLE

Results of a phase lla study of VX-809, an
investigational CFTR corrector compound, in subjects
with cystic fibrosis homozygous for the
F508del-CFTR mutation

?

TROVARE “CORRETTORI” PIU POTENTI ?



Principi strategici di ricerca IERFC

Dai modelli in vitro alla ricerca pre-clinica

e Modelli in vitro
 Modelli ex vivo
 Modelli in vivo

Paziente h \ .'



Principi strategici di ricerca IERFC

Dai modelli in vitro alla ricerca pre-clinica

Modelli in vitro

Linee cellulari epiteliali respiratorie

 FC con mutazioni CFTR F508del
strategia: “normalizzare I'epitelio FC”
studio di markers basali e dopo inibizione di pathways specifiche

 Isogeniche corrette
Non-FC
strategia: “rendere FC una cellula normale”
Knock down CFTR gene
Transfection con GFP-F508del-CFTR

Inibizione funzionale CFTR
studio di markers basali e dopo inibizione di pathways specifiche

Linee cellulari epiteliali intestinali con espressione di CFTR



Principi strategici di ricerca IERFC

Dai modelli in vitro alla ricerca pre-clinica

Modelli ex vivo

Coltura di mucosa di polipo nasale di pazienti FC e controlli e
brushing nasale

e correlazioni con genotipo
» studio delle popolazioni cellulari epiteliali e cellule inflammatorie

= studio di markers basali e dopo inibizione di pathways specifiche
= studio del recruitment intraepiteliale di neutrofili



IERFC research strategy

Dai modelli in vitro alla ricerca preclinica

In vivo models

Modelli FC

1 CFTR-F508del homozygous mice
2 Scnn 1b transgenic mice (B-ENaC)
CFTR-KO mice
CFTR-KO/CFTR-F508del mice
CFTR-F508del homozygous cross-bred with TG2 KO mice
CFTR-F508del homozygous mice cross-bred with Beclin-1
haploinsufficient mice

o Ok W



Drug discovery

Identificazione di nuove
D Ry Ppetie pathways inflammatorie

S e Conducion ﬂOO e loro modulazione
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| 'anello mancante in CF

Stress
ossidativo
T > infiammazione

Perdita di
= funzione della

CETR . @
Aggregati ¢ Y%
proteici Manifestazioni
patologiche

Transglutaminasi tissutale (TG2): il link che manca?




| radicali liberi attivano I’enzima TG2

@)
SUMO-TG2

Ub-TG2 | OV \)
L@ HighTG2
Proteasome IEUE‘J S

degradation

Difetto di CFTR

4

Accumulo di ROS = stress
ossidativo

\ 4

Attivazione della TG2

Luciani A, J Immunol, 2009




Autofagia: un meccanismo che le cellule adottano In
risposta a differenti stimoli e condizioni di stress

stress
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FC:.una patologia con difetto di
autofagia?

Gancer ection Cystic Fibrosis

Inflammation

Py
»
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Huntington’s disease
Parkinson's disease

\}\,’ Alzheimer's disease

Basal autophagy
- Prevents accumulation of
aggregation-prone proteins
Heart disease - Eliminates misfolded proteins:
reduction of ER stress
- Removes damaged organelles:

Liver injuries

limits production of ROS
(Cardio) Myopathy 111 .
Stimulated autophagy > 7
R ‘ - Nutrient supply ' -
Pompe’s disease e .
- Energy suppl — Diabetes
Muscle atrophy Y
» v '3 4

Differentiation Longevity Development Immunity

- Erythrocytes - Pre-implantation - Immune cell Homeostasis

- Adipocytes of fertilized oocytes - Effector of TLR signaling

- Lymphocytes -Neonate survival - Effector of Th1/Th2

- Homeostasis of terminally polarization

differentiated cells such as - Antigen presentation by MHC

neurons, hepatocytes... - Thymic selection



FC:una patologia con difetto di
autofagla?.~
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Cystic Fibrosis: Proteostasis Regulators as a
new therapeutic option

F508del CFTR
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In quali modelli lo abbiamo dimostrato?

In vitro

In vivo su due modelli di topi FC
CFTRF508delCFTR moyse Scnn 1b-Tg mouse

In biopsie di polipo nasali umane
da pazienti con AF508/AF508



Towards a rational combination therapy of cystic fibrosis

How cystamine restores the stability of mutant CFTR
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abnormal heme oxygenase-1 localizationin LPS challenged
macrophages with dysfunctional CFTR

Ping-Xia Zhang" ", Thomas 5. Murray™ ', Valeria Rachela Villella' . Eleonora Ferrari|,
Speranza Esposito’, Anthony D'Souza’, Valeria Raia®, Luigi Maiuri’ ~, Diane S. Krause %,
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TDepartment of Pediatrics, 333 Cedar Street, Yale University School of Medicine, Mew Haven
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Targeting the intracellular environment in cystic fibrosis:
restoring autophagy as a novel strategy to circumvent the
CFTR defect

Valeria Rachela Villella', Speranza Esposito’, Emanuela M. Bruscia'?, Maria Chiara Maiuri**, Valeria Raia®,
Guido Kroemer*%’*** and Luigi Maiuri"™*




THANLATIOAAL BESLARCS] AL Pediatric Pulmonology 48:761-771 (2013)

Targeting autophagy as a novel strategy for
facilitating the therapeutic action of potentiators

on AF508 cystic fibrosis transmembrane Nebulized Hyaluronan Ameliorates Lung Inflammation
conductance regulator in Cystic Fibrosis Mice
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Defective CFTR induces aggresome formation and lung
inflammation in cystic fibrosis through ROS-mediated
autophagy inhibition

Alessandro Lociant' ™, Valeria Rachela Villedla™"', Speranza Esposito™, Nicola Brunctti- Plerrt®, Diego Medina®,
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Abstract
The accumulation of mislolded andior ublgutinated profein apgregales with & perurbation of sutophagy hias been described in seversl human
pathalogies. A sequestration of mistolded cystic: fibros!s transmembrane conductance regulatsr (CFTR) and cross-linked PPARY has been cbserved
in Brway epithelia of cystic Nseosis (CF) patients, CF ainvays are alss characierized by chronic infammiation, pro-oxidative envirsnment and
increased transglutaminase 2 (TG2) levels. We showed that defective CFTR drives autaphagy Inhitition through reactive oxygen species (ROSETG2-
mediated aggresome sequesiration of M Bechin 1 inleractome, Rescuing Beclin 1 8 the level of the sndopiasmic reticulum and aUlophagy favers
clearance of aggresomes, improves CFTR traMicking and ameliorates CF lung inflamemation both in vitra and in viva. Therefare, rescuing autophagy
Intermupts the vicious cycle linking defective CFTR and lung inlammation and may pave 1he way 15 the development of a novel class of arugs for the
treatment of CF




Uno studio clinico pilota

TRANSLATIONAL RESEARCH PAPER
Autophagy 10:11, 2053-2074; November 2014; Published with license by Taylor & Francis

Restoration of CFTR function in patients with
cystic fibrosis carrying the F508del-CFTR mutation
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Effetti della cisteamina in vivo
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Effetti della cisteamina in vivo
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EffettAi della cistceamina In cellule FC
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Caratteristiche del pazient

Table 1. Baseline Characteristics of the Patients

FEV, % FEFy5.75 % Sweat chloride
Sex Age (years) Weight (Kg) Height (cm) BMI PA predicted predicted (mmol/liter)
1 M 15.8 58.2 160.0 2273 — 1036 50.0 71
2 M 10.7 373 131.0 21.70 — 757 39.0 88
3 F 19.8 46.2 159.0 1827 - 813 28.1 76
4 F 250 53.0 160.3 2062 — 746 294 84
5 M 136 45.8 156.0 1882 — 959 53.1 115
6 F 177 ka1 151.0 1934 + 896 52.7 113
7 F 12.0 44.6 146.5 20.80 - 1131 105.9 67
8 F 156 52.5 161.3 20.18 - 1093 62.6 100
9 F 17.8 48.0 153.5 2037 - 778 245 74
10 M 86 326 1325 1857 - 101.2 429 153

PA, Pseudomonas aeruginosa.



Criteri di Inclusione

Inclusion criteria
F508del/F508del-CFTR
>8 years of age

Sweat chloride =60 mmol/liter

FEV| >50% predicted

Treatment Washout
Weeks 0 4 8 12 16 20
. Cysteamine
Cysteamine +EGCG EGCG
Core study measures
Visit Vi V2 V3 V4 V5 V6
Sweat Chloride X X X X X X
Sputum
Inflammatory cytokines X X X X
Clinical outcomes
FEV, % predicted X X X X X X
FEV5s.-5 % predicted X X X X X X
Nasal brushing
Chloride efflux X X X X
Inflammatory cytokines X X X X
Laboratory assessment
Serum X X X X
Plasma X X X X




Effetti della cisteamina sui pazienti

Table 3. Treatment Effects

Core study measures Visit (V) Patients
1 2 3 4 5 6 7 8 9 10
Sweat test

Cl” (mmol/l) Al 71 88 76 84 115 113 67 100 74 153
V2 72 90 80 70 95 79 61 97 82 89
V3 52 76 64 74 74 51 52 104 69 37
V4 48 42 63 76 58 55 45 51 87 93
V5 57 70 70 66 65 53 58 61 47 87
Vé 93 96 104 54 95 102 71 104 92 83

Nasal brushing

I efflux % control Vi 73 83 7.1 7.6 8.9 6.2 71 102 128 102
V2 92 186 8.8 29.7 28.7 204 10.0 134 141 292
V3 205 259 271 31.0 29.5 31.6 27.6 146 203 540
v4 165 296 28.5 29.0 28.7 30.0 33.2 182 15.1 170

Sputum

TNF (pg/ml) Vi 1378 1744 159.5 167.2 4618 1Mms 1523 3457 932 5179
V2 2926 273 2543 384 341 69.0 1374 302 216.1 43
V3 39 6.7 435 71.9 5.6 0.1 22 435 239 246
V4 14 160.8 2246 0 66.0 1.8 6.0 188 1405 1213

CXCL8 (pg/ml) Vi 1576.9 438 4294 298.7 779 74.0 911.7 548.5 1563 14317
V2 1386.2 198.9 11537 37.2 0 15.9 6.2 0 26499 0
V3 0 0 54.7 2328 0 0 0 69.2 1302 488
v4 0 1820.9 13038 0 0 0 0 1805 6502 0

Respiratory function

FEV, liters Vi 304 128 248 234 2.66 213 245 3.04 1.91 1.71
V2 284 165 274 2.26 274 214 245 290 201 160
V3 317 173 254 2.20 2.99 238 2,62 2,65 1.91 154
v4 254 175 289 243 267 240 246 290 2,05 160
V5 361 200 266 247 293 218 256 3.22 1.87 162

FEV, % Vi 1036 757 81.3 74.6 95.9 89.6 1131 1093 778 1012
V2 969 979 89.7 721 98.6 90.2 1131 1042 818 946
V3 1083 102.4 83.2 70.0 107.7 100.1 1167 936 780 877
v4 1003 103.5 17.2 77.7 91.2 101.1 1092 1025 835 869
V5 1208 1187 87.1 78.7 98.1 91.7 1138 1139 66.5 88.1

FEF 555 liters/sec Al 1.7 085 114 1.20 1.74 1.60 296 217 0.77 093
V2 1.58 146 156 1.26 1.63 1.22 3.01 2.24 0.90 077
V3 173 130 158 0.88 249 1.76 372 1.73 0.76 136
v4 1.7 165 159 0.86 1.59 1.83 294 218 0.98 089
V5 248 225 148 0.91 221 1.71 3.25 2,63 0.89 079

FEF25-75 % Vi 500 390 28.1 294 531 527 1059 626 245 429
V2 462 67.0 385 31.0 49.7 40.2 1076 649 289 356
V3 505 60.0 39.0 21.6 76.2 58.2 1287 490 242 605
V4 500 757 39.2 21.0 46.5 60.5 1018 62.0 312 383

V5 714 103.4 36.5 223 63.8 56.5 124 746 223 339




Effetti della cisteamina su cellule nasali di
paziente
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Effetti della cisteamina su cellule nasali di
paziente

B C CF patient 10
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Effetti della cisteamina su cellule nasali di

CFTR function (% of controls)

Nasal epithelial cells from F508del-CFTR
homozygous patients (n = 10)

paziente
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Effetti della cisteamina su cellule nasali di
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Effetti della cisteamina sul test del sudore

In vivo treatment Withdrawal B
A Spearman’s r = -0.883, P = 0.001
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Effetti della cisteamina sui parametri
iInflammatori

A In vivo treatment B In vivo treatment
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una nuova strategia
NON
una nuova molecola

Una piccola molecola (non obbligatoriamente

anti-infammatoria di per se) che riduca
'iInflammazione afttraverso il recupero di

funzione della CFTR.

Una piccola molecola in grado di recuperare la
funzione della CFTR (non obbligatoriamente un
correttore) e quindi _(di_consequenza) ridurre
I'inflammazione.
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Cystic Fibrosis: Proteostasis Regulators as a
new therapeutic option
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