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Perché e importante

L'uso dei modulatori di CFTR, come Kaftrio (elexacaftor/tezacaftor/ivacaftor), ha migliora-
to il recupero della proteina CFTR con mutazione F508del, ma resta necessario aumenta-
re la sua stabilita e funzionalita sulla membrana cellulare. Studi precedenti (FFC#2/2018 e
FEC#2/2020) hanno evidenziato il ruolo di due lipidi, il ganglioside GM1 e il colesterolo, la cui
somministrazione esterna sembra migliorare la stabilita di CFTR. Si & anche visto che GM1
influisce sul sistema immunitario, riducendo la produzione di molecole pro-inflammatorie. La
stabilita di CFTR pu0 inoltre essere compromessa dall’infezione da Pseudomonas aerugino-
sa (Pa).

Questo studio ha valutato se GM1 e colesterolo possano potenziare I'efficacia di Kaftrio nel
ripristinare la funzione di CFTR mutata, anche in presenza di infezione da Pa. Ha poi analiz-
zato I'effetto di GM1 sull’interazione tra ospite e patogeno in modelli di FC in vitro e in vivo.

o

Che cosa hanno usato i ricercatori

Sono state usate cellule delle vie aeree con diverse mutazioni di CFTR. In particolare, cel-
lule con mutazione F508del sono state infettate con Pseudomonas aeruginosa per valutare
I’effetto del ganglioside GM1 sui meccanismi di difesa contro i batteri. Sono stati inoltre
impiegati modelli animali di fibrosi cistica con infezioni acute e croniche da Pseudomonas
aeruginosa per studiare come GM1 e colesterolo influenzino I'ingresso e la persistenza del
batterio nelle cellule polmonari.

Che cosa hanno fatto i ricercatori

E stato analizzato come le diverse varianti di CFTR influenzino I'organizzazione della mem-
brana nelle cellule epiteliali bronchiali, in presenza o in assenza di Kaftrio.

E stato poi valutato se GM1 e colesterolo migliorassero la stabilita di CFTR anche in cellule
con mutazioni rare e durante I'infezione batterica.

Nei modelli animali di infezione acuta e cronica da Pseudomonas aeruginosa sono stati infine
misurati la capacita di eliminazione del batterio e il reclutamento delle cellule immunitarie nei
polmoni.

Q

Che cosa hanno ottenuto

Si & visto che la mutazione F508del altera I’equilibrio dei lipidi cellulari, modificando i livelli
di GM1 e colesterolo. L’aggiunta dei due lipidi dall’esterno, in combinazione con Kaftrio, ha
favorito la maturazione e la funzionalita di alcune varianti di CFTR senza effetti tossici, anche
in presenza di infezione con Pa.

GM1 ¢ in grado di ripristinare la capacita delle cellule epiteliali bronchiali con mutazione
F508del di eliminare il batterio, migliorando la risposta antimicrobica anche indipendente-
mente dalla correzione di CFTR da parte di Kaftrio.

Nei modelli animali con infezione cronica, il trattamento con GM1 si & dimostrato non tossico
e ha aumentato I'attivita del sistema immunitario, favorendo I’eliminazione del batterio dai
polmoni.
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https://www.fibrosicisticaricerca.it/progetto/ffc-2-2020-strategie-terapeutiche-basate-sui-lipidi-per-ottimizzare-lefficacia-dei-farmaci-innovativi-per-la-cura-della-fibrosi-cistica/
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Che cosa succedera ora

Questi risultati evidenziano il ruolo chiave di GM1 e colesterolo nel sostenere la stabilita della
proteina CFTR, modulare il metabolismo dei lipidi e rafforzare le difese immunitarie.

| dati ottenuti confermano inoltre 'importanza del microambiente lipidico nella regolazione della
funzione di CFTR e rappresentano una base per lo sviluppo di nuove strategie terapeutiche ba-
sate sull’associazione di lipidi, correttori e potenziatori. Questo approccio potrebbe contribuire
sia a migliorare la risposta ai trattamenti sia a ridurre I'infiammazione in persone con FC.
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Usare i lipidi GM1 e colesterolo come adiuvanti dell’azione
del farmaco Kaftrio e valutare il loro effetto nell’infezione da
Pseudomonas aeruginosa

Il progetto si basa sull’uso di due lipidi, il GM1 (Ganglioside Monosialico di tipo 1) e il co-
lesterolo, per aumentare la stabilita del canale CFTR mutato. A continuazione del progetto
FEC#2/2020, si vuole valutare I'effetto adiuvante di GM1 e colesterolo col Kaftrio su muta-
zioni di CFTR orfane di terapia.

Inoltre, poiché nelle persone con fibrosi cistica (FC) la funzionalita della membrana cellulare
in cui si trova il canale CFTR ¢& ulteriormente compromessa a causa delle infezioni da Pseu-
domonas aeruginosa (Pa), il gruppo di ricerca vuole valutare se i lipidi GM1 e colesterolo
hanno anche effetti positivi sull’infezione batterica. In particolare, si vuole studiare I'effetto
dei due lipidi sull’interazione di Pa con I’epitelio respiratorio e sull’attivazione della risposta
inflammatoria a seguito dell’infezione, indipendentemente dalle mutazioni di CFTR presen-
ti. Verranno condotti studi in cellule FC con diversi genotipi usando sia colture di cellule
dell’epitelio bronchiale sia cellule primarie umane delle vie respiratorie. L’eventuale effetto
dei lipidi sull’'infezione da Pa verra inoltre valutato in modelli animali di FC con infezione
cronica da Pa.

@ Risultati

GM1 e colesterolo potenziano I'efficacia dei modulatori di CFTR e la
risposta immunitaria in vitro

I modulatori di CFTR, come Kaftrio (elexacaftor/tezacaftor/ivacaftor), hanno migliorato in
modo significativo il recupero della proteina CFTR con mutazione F508del nelle persone
con fibrosi cistica (FC). Tuttavia, la proteina ripristinata non & ancora completamente stabile
e funzionale: & percid necessario individuare strategie che potenzino ulteriormente I’effica-
cia del farmaco.

Studi precedenti (FEC#2/2018 e FFC#2/2020) hanno evidenziato il ruolo di due lipidi, il gan-
glioside GM1 e il colesterolo, la cui somministrazione esterna sembra migliorare la stabilita
di CFTR. Inoltre, GM1 influisce sul sistema immunitario, riducendo la produzione di mole-
cole pro-infiammatorie. Infine, la stabilita di CFTR & fortemente influenzata dall’infezione da
Pseudomonas aeruginosa (Pa).

Questo studio mirava a valutare se GM1 e colesterolo migliorano I'efficacia di Kaftrio nel
ripristinare CFTR mutata anche in presenza di infezione da Pa e a indagare I’effetto di GM1
nell’interazione ospite-patogeno in modelli di FC in vitro e in vivo.

Si é visto che la mutazione F508del altera I’equilibrio dei lipidi cellulari, modificando i livelli
di GM1 e colesterolo. Sebbene Kaftrio favorisca la corretta maturazione della proteina, non
riesce da solo a ristabilire completamente questo equilibrio.

L'aggiunta di GM1 e colesterolo dall’esterno ha migliorato la stabilita e I'attivita di CFTR
trattata con Kaftrio, anche in alcune mutazioni rare. In particolare, GM1 sembra favorire la
permanenza della proteina sulla superficie cellulare, aumentando I'efficacia del modulatore.
Lo studio ha inoltre evidenziato che GM1 migliora la capacita delle cellule di eliminare Pseu-
domonas aeruginosa, anche indipendentemente dall’azione dei modulatori di CFTR.
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In modelli animali, la somministrazione di GM1 ha facilitato I’eliminazione del batterio e
ridotto I'infiammazione polmonare.

Nel complesso, i risultati indicano che I'ambiente lipidico della membrana cellulare & fon-
damentale sia per la stabilita della CFTR sia per la risposta immunitaria. L’associazione di
lipidi come GM1 e colesterolo ai modulatori di CFTR potrebbe quindi rappresentare una
strategia promettente per migliorare I'efficacia delle terapie e la difesa dalle infezioni nelle
persone con fibrosi cistica.
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Tezacaftor is a direct inhibitor of sphingolipid delta-4 desaturase
enzyme (DEGS)
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ARTICLE INFO ABSTRACT

Keywonds. Background: We recently demsonstrated that 48 b exposure of primasry human broachial epithelial (hBE) cells,

Qriic Bbeosls obeained from both CF (F508del hamozygous) and non-CF subjects, 1o the triple drug combination Elexacaftor/
'r" % Tezacaltor/Ivacaftor (ETI) results in a CFTR genotype-independent modulstion of the de novo synthethic
cmacaiior

pathway of sphingolipids, with an accumulation of dihydroceramides (dHCer). Since dHCer are converted Into
ceramides (Cer) by the action of a delta-4 sphingolipid desaturase (DEGS) enzyme, we almed to better under-
stand this off-target effect of ETI (Le., mot related to CFTR rescue)

Methods: hBE cells, both F508del and wild-type, were cultured to create fully differentisted broachial epithelia,
We analyzed Cer and dHCer using an LC-MS based method previously developed by our kab. DEGS expression
levels in differentiated hBE cells lysates were quantified by western blos amalysis.

Resulre: We demoastrated that 1) dHCer accumulate in hBE with time following prolonged ETI expasure, that 2)
similar inhibition occurs in wild-type primary human hepatocytes and that 3) this does not result in an alteration
of DEGS expression. We then proved that 4) ET1 is a direct inhibitor of DEGS, that 5) Tezacaftor is the molecule
responsible for this effect, that 6) the inhibition ks concentration dependent. Finally, after repeated oral
administeation of ETI 1o naive, non-CF, mice, we observed a slight accumulation of dHCer in the brain
Conchusions: We believe that further isvestigations oa Tezacaftor should be envisaged, particularly for the use of
ETI during pregnancy, breastfeeding and in the carly stages of development. DEGS dysfunction and dHCer
accumulation causes impairment in the development of the nervous system, due to a derangement in myelin
formation and maintenance

Didrydroceramides
Myvelin
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Fdand by Sancko Sonnino

Cystic fibrosis (CF) is the most common inhenited, life-limiting disorder in
Caucasian populations, It is caused by mutations in the gene encoding the
cystic fibrosis transmembrane conductance regulator (CFTR), which lead
1o an impairment of protein expression and/or function. CFTR is a chlo-
ride/bicarbonate channel expressed at the apical surface of epithelial cells
of different organs. Nowadays, more than 2100 CFTR genclic vanants
have boen described, but not all of them cause CF. However, around 80

85% of the patients worldwide arc characterized by the presence, at keast
m one allele, of the mutation FS08del, CFTR mutations cause aberrant
hydration and secretion of mucus in hollow organs. In the lungs, this con-
dition favors bacterial colonization, allowing the development of chronic
infections that lead to the onset of the CF lung discase, which is the main
cause of death in patients. In recent years, evadence has reported that
CFTR loss of function is responsible for alterations m a particular class of
bioactive lipids, called sphingolipids (SL). SL are ubiquitously present in
eukaryotic cells and are mamnly asymmetnically located within the external
leaflet of the plasma membrane, where they organize specific platforms
capable of segregating a selected number of proteins. CFTR is associated
with these platforms that are fundamental for its functioning. Considering
the importance of SL in CFTR homeostags, we attempt here to provade a
critical overview of the literature 1o determine the role of these lipids in
channel stability and activity, and whether their modulation in CF could
be a target for new therapeutic approaches.
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Effect of CFTR modulators Elexacaftor/Tezacaftor/Ivacaftor on lipid
metabolism in human bronchial epithelial cells

Glycoconjugate Journal, 2025
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Abstract

Cystic Fibrosis (CF) is a life-threatening hereditary disease resulting from mutations in the
Cystic Fibrosis Transmembrane Conductance Regulator (CFTR) gene that encodes a
chloride channel essential for jon transport in epithelial cells. Mutations in CFTR, notably
the prevalent FSO8del mutation, impair chloride transport, ssverely affecting the
respiratory system and leading to recurrent infections. Recent therapeutic advancements
include CFTR modulators such as ETI, a combination of two correctors ( Elexacaftor and
Tezacaftor) and a potentiator (Ivacaftor), that can improve CFTR function in patients with
the E508del mutation. This study investigated ETI'S impact on the maturation of the
mutated CFTR, the expression levels of its scaffolding proteins, and lipid composition of
cells using bronchial epithelial cell lines expressing both wild-type and F508del CFTR Our
findings revealed that ETI treatment enhances CFT'R and its scaffolding proteins
expression and aids in rescuing mature F508del CFTR, causing also significant alterations
in the lipid profile Including reduced levels of lactosylceramide and increased conrent of
gangliosides GMI and GDla. These changes were linked to ETI's influence on enzymes
involved in the sphingolipid metabolism, in particular GM3 synthase and sialidase
Through this work, we aim to deepen understanding CFTR interactions with lipids, and to
clucidate the mechanisms of action of CFTR modulators. Our findings may support the
development of potential therapeutic strategies contributing to the ongoing efforts to
design effective correctors and potentiacors for CF treatment.
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Effects of GM1 ganglioside and its derivatives on ETI-rescued F508del-CFTR
maturation and host-pathogen interactions in cystic fibrosis bronchial cells

Glycoconjugate Journal, 2025
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maturation and host-pathogen interactions
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Abstract

Cystic Fibrosis (CF), a life-threatening hereditary disease, arises from mutations in the
Cystic Fibrosis Transmembrane Conductance Hegulator (CFTH) gene which encodes 2
chlonde-conducting channel widely expressed in epithelial cells, The most comamon
mwutation, £505ded, causes CFIR misfolding, premature degradation, and smpaired
mucocibary cheazance, leading to recurrent respiratory infections and inflanunatson. The
tripde combination therapy witls Elexacaltor, Tezacaitor, and Ivecaltor (ETI) has
revolutionized CF management by partially restogiog mutated CETR lunction. However,
enhamelng CFTR rescuc and stabilizing bost umune respoases remaln oritical challenges,

In airway cpithelial oofls, CFTR interacts with prodeins and Hpkds in mocromolecular

complexes that Influence i2s stability, Ansang these, the ganglioskle GM1 plays a Key role in
madularing plasma membrane protein dynamics, incliding CFTR. This stody Investigates
the effects of exogenons GMI supplementation as an adjuvant to ET1 treatment. Our results
demonstrate that GMI enhances FSO08dd - CFTR macuration and stability, even under
Peudomonas cerwginose infection, which typically suppresses CFTR expression and
function. Purthermare, G restores xenophagic activity in bronchial epithelial cefls,
improving host defence mechantsnys against the bacteria, These findings underscore the
thetapeutic potential of GM1 and its analogues in optimazing the plasma membane
environment for CFIR correction, suggesting that by enhancing the efficacy of CFTR
modulatoes, GMI could pave the way fot innovative approsches to knprove CF

nadtsagelerl,
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Evaluation of phages and liposomes as combination therapy to counteract
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infection in wild-type and
CFTR-null models
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Multi drug resistant (MDR) bacteria are insensitive to the most common
antibiotics currently in use. The spread of antibiotic-resistant bacteria, if
not contained, will represent the main cause of death for humanity in
2050. The situation is even more worrying when considering patients with
chronic bacterial infections, such as those with Cystic Fibrosis (CF). The
development of alternative approaches is essential and novel therapies that
combine exogenous and host-mediated antimicrobial action are promising. In
this work, we demonstrate that asymmetric phosphatidylserine/phosphatidic
acid (PS/PA) liposomes administrated both in prophylactic and therapeutic
treatments, induced a reduction in the bacterial burden both in wild-
type and cftr-loss-of-function (cftr-LOF) zebrafish embryos infected with
Pseudomonas aeruginosa (Pa) PAOL strain (PAO1). These effects are elicited
through the enhancement of phagocytic activity of macrophages. Moreover,
the combined use of liposomes and a phage-cocktail (CK®), already
validated as a PAOL “eater’, improves the antimicrobial effects of single
treatments, and it is effective also against CH®-resistant bacteria. We
also address the translational potential of the research, by evaluating the
safety of CK® and PS/PA liposomes administrations in in vitro model of
human bronchial epithelial cells, carrying the homozygous F508del-CFTR
mutation, and in THP-1 cells differentiated into a macrophage-like phenotype
with pharmacologically inhibited CFTR. Our results open the way to the
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Abstract presentati a congressi

* A lipid-based approach to improve the stability of F508del-CFTR at the plasma
membrane level
Poster presentation, 47th FEBS Congress, Tours, France, 8-12 July 2023

® A lipid-based therapeutic approach to rescue F508del-CFTR and CFTR with
orphan mutations and implications in bacterial infections in Cystic Fibrosis
Poster presentation, XX Convention of Investigators in Cystic Fibrosis, Verona, Italy,
24-26 November 2022

® Cholesterol, a key player in the organization of the lipid environment of CFTR
Poster presentation, 7th Workshop BioMeTra, University of Milan, LITA Segrate, Italy,
18-19 September 2023

e Effect of the lipid environment on the F508del CFTR rescue and stability at the
plasma membrane
19th ECFS Basic Science Conference, Valletta, Malta, 20-24 March 2024

e Effect of the lipid environment on the F508del CFTR rescue and stability at the
plasma membrane
Oral and poster presentation, 18th ECFS Basic Science Conference, Dubrovnik,
Croatia, 29 March-1 April 2023

e Effect of the lipid environment on the F508del-CFTR rescue and stability at the
plasma membrane
34th “A. Castellani” Meeting of PhD students in biochemical sciences, Brallo di Pregola,
Pavia, Italy, 5-9 June 2023

® Enhancing F508del-CFTR Plasma Membrane Stability: Lipid and Modulator
Synergies
2025

® Ganglioside GM1 in Cystic Fibrosis: a lipid approach to stabilize FS508DEL-CFTR at
the plasma membrane
Poster presentation, 6th Workshop BioMeTra, University of Milan, Italy, 20 September
2022

® Lipids as key players in the stabilization of the F508del-CFTR
Poster presentation, 7th meeting of young biochemists in Lombardy, Brescia, Italy, 22
September 2023

e Enhancing F508del-CFTR Plasma Membrane Stability: Lipid and Modulator
Synergies
North American Cystic Fibrosis Conference, Boston, MA, USA, 26-28 September, 2024

® GM1 and its immunomodulatory capacity in Cystic Fibrosis
8th Workshop BioMeTra, University of Milan, LITA Segrate, Italy, 20 September 2024

® GM1 ganglioside: new insight on its immunomodulatory capacity in CF
19th ECFS Basic Science Conference, Valletta, Malta, 20-24 March 2024
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Abstract presentati a congressi

® Lipids as adjuvants to Kaftrio in the rescue of mutated CFTR
17th European Young Investigators Meeting (EYIM), Paris, France, 5-10 March 2024

* New perspectives on the immunomodulatory potential of GM1 in cystic fibrosis
48th FEBS Congress, Milan, Italy, 29 June-03 July 2024

* A lipid-based therapeutic approach to rescue CFTR with orphan mutations and
implications in host-pathogen interactions in cystic fibrosis
XXI Convention of Investigators in Cystic Fibrosis, Verona, Italy, 23-25 November 2023



Fondazione per la Ricerca Terapie e approcci innolrlra(:ig\]l?t;ng:cﬁfgéggﬁ
¢ sulla Fibrosi Cistica - ETS il difetto di base, genetica
W fibrosicisticaricerca.it

trasparente

Rendiconto economico
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Progetto FFC#1/2022

Strategie terapeutiche basate sui lipidi per il recupero di
CFTR con mutazioni orfane di terapia e per contrastare le
infezioni batteriche in fibrosi cistica

Responsabile:

Massimo Aureli
(Dipartimento di Biotecnologie mediche e Medicina traslazionale,
Universita di Milano)

Periodo: 01/09/22 - 31/01/2025
&%) Grant assegnato: € 130.000
Usato per:
- Materiale di consumo € 89.848,58
- Spese viaggio/convegni €3.712,26
- Borse di studio € 14.000,00
- Servizi scientifici €20.125,83
€127.686,67
. .
Saldo (usato per altri progetti): €2.313,33



