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Background

We have recently showed that apoptotic body like liposomes (ABL)
loaded with phosphatidylinositol 5-phosphate (PI5P) significantly en-
hance bactericidal response in macrophages from Cystic Fibrosis (CF)
patients against P. aeruginosa and in bronchoalveolar lavage cells
from patients with pneumonia caused by different multidrug resistance
(MDR) bacterial pathogens. Moreover, Metformin (Met) has been re-
cently reported to augment airway surface hydration, in in vitro models
of CF, and to enhance antimicrobial innate immune response and to re-
duce inflammation in in vivo models of tuberculosis.

Hypothesis and objectives

The main goal of this project was the development of a novel immu-
notherapeutic approach based on bioactive liposome in combination
with Met aimed to enhance antimicrobial innate immune response,
while simultaneously improve airway surface hydration and mitigate
inflammation to control multidrug resistant infections in CF.

Methods

Macrophages generated by peripheral monocytes derived from
healthy donors, treated or not with a pharmacological inhibitor of
CFTR (INH172), and from CF patients were infected with a panel of
MDR P. aeruginosa clinical isolates and stimulated with ABL/PI5P,
alone or in combinations with Met. We have evaluated intracellular
bacterial clearance and uptake, and phagosome maturation by CFU
and fluorimetric assays, respectively. Finally, treatments were tested in
in vivo murine model of MDR-RP73 P. aeruginosa acute infection, in
terms of leukocytes recruitment and bactericidal action enhancement.
Results

We showed that treatment with ABL/PI5P and/or Met rescues im-
paired phagosome acidification in CFTR-pharmacologically inhibited
macrophages and promotes intracellular bacterial killing in INH172-
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and CF primary macrophages infected with MDR P. aeruginosa 2113
strain, although only ABL/PI5P stimulation increase bacterial uptake.
Finally, preliminary results in in vivo model of MDR-RP73 P. aerugi-
nosa acute infection, show that treatment with ABL/PI5P or Met in-
duces an overall decrease in leukocytes recruitment, associated to an
increase of macrophage component and to a reduction of pulmonary
bacterial load, although following ABL/PI5P treatment only.
Conclusions

Our results show that bioactive liposome and metformin-based strat-
egy could represent a promising host-directed therapeutic option for
the control of drug resistant bacterial infections and for the reduc-
tion of the inflammation-based pathology in CF.
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Background and rationale

Morbidity and mortality in cystic fibrosis (CF) patients is attributable
to infectious sequelae caused by different pathogens[1]. Antibiotic
resistance in CF calls for the development of new antimicrobials.
Ga(lll) inhibits bacterial growth, acting as an iron mimetic, and is
already used in medicine (Ganite”) for treatment of non-infectious
disorders[2]. Bacteria erroneously incorporates Ga(lll) instead of Fe(lll)
within essential molecules because unable to discriminate between
these two ions, resulting inhibited[3].

Hypothesis and objectives

The main objective of this project was a comparative assessment of the
antibacterial activity of different Ga(lll) formulations on major CF patho-
gens, and the development of safe Ga(lll)-based drugs that can specific-
ally directed in the lung of CF patients, via inhalable formulations.
Essential methods

We capitalized upon expertise in organic synthesis, pharmaceutical
chemistry and microbiology to: i) compare the antibacterial activity of dif-
ferent Ga(lll) formulations on major CF pathogens; ii) generate new
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formulations for in vivo administration and determine their pharmaco-
logical characteristics; iii) investigate acute toxicity and the organ distribu-
tion of Ga(lll), upon intra-tracheal and intravenous administration in rats.
Results

New Ga(lll) testing methods have been developed for major CF path-
ogens. Two compounds showed potent broad-spectrum antibacterial
properties. To overcome limitations of systemic administration, a
novel inhalable Ga(lll)-based dry powder has been developed. The
new formulation showed high Ga(lll) content and stability in the
long-term, good antimicrobial proprieties and an excellent biodistri-
bution in rats after intra-tracheal aerosol administration.

Spin-off for research & clinical purposes

In the worrying scenario of increasing antibiotic resistance in CF-
associated bacterial pathogens, Ga(lll)-derived compounds are good
candidates for broad-spectrum antimicrobials, and hold great prom-
ise for the progression into drugs with potential clinical applicability
in the short-medium perspective.
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Background and Rationale

We have recently isolated virulent phages capable of infecting P. aer-
uginosa and used them to treat P. aeruginosa infections in mouse
and Galleria mellonella larvae. The positive outcome obtained by
phage therapy encouraged us to further investigate its use in a cystic
fibrosis (CF) background. Indeed, P. aeruginosa infections are particu-
larly serious in CF patients and, as a consequence, CF patients are
subject to frequent antibiotic treatments to control the infections.
The appearance and diffusion of multidrug resistant (MDR) isolates of
P. aeruginosa is responsible for the increasingly unsuccessful use of
antibiotics and alternative therapies are urgently needed. Phages, the
natural enemies of bacteria, can be a possible solution as they infect
only very specific bacterial hosts, they self-control their dose multi-
plying only when and where the target bacterial host strains are
present, and are able to kill also MDR bacteria.

Hypothesis and Objectives

The scientific question addressed by this work is the validation of
phage therapy against P. aeruginosa infection in a cystic fibrosis
background (CF). We chose zebrafish (Danio rerio) as in vivo model.
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The zebrafish model has two main advantages: it lacks an adaptive
immune response for the first 4-6 weeks of life representing an ideal
model for studying innate immunity and it is a good model for CF as
the CFTR channel is conserved between fish and mammals.

Essential Methods

We deregulated the CFTR function in zebrafish, obtaining CF em-
bryos. We infected control (WT) and CF embryos with P. aeruginosa
and we compared lethality, bacterial burden and inflammatory cyto-
kines after infection followed by phage administration.

Results

We demonstrate that phage therapy is effective against P. aeruginosa
infections as it reduces lethality, bacterial burden and immune re-
sponse in WT and in CF embryos. We also show an improvement by
combining the action of phages and antibiotics against P. aeruginosa
infection in CF zebrafish embryos. In addition, we found that phage
administration, in the absence of bacterial infection, relieves the con-
stitutive inflammatory state of CF embryos.

Conclusions

Our data suggest promising therapeutic approaches to reduce anti-
biotic doses and time of administration, avoiding the development
of MDR in a CF background. To our knowledge this is the first time
that phage therapy is used to cure P. aeruginosa infections in an
in vivo CF model.
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Background and rationale

The outcomes of P. aeruginosa infections in patients with cystic fibrosis
(CF) are difficult to predict and extremely variable, with the severity of
the pulmonary conditions ranging from mild to life-threatening. This
opens the question which other genetic loci in addition to the CFTR
can contribute to the clinical variation. By using the Collaborative Cross
(CQ) lines as a novel and high genetically diverse mouse resource popu-
lation and models of infection established by our group, we map a
quantitative trait locus (QTL) on murine chromosome 3 that affect the
severity of Pseudomonas aeruginosa lung infection (previous project,
FFC#9/2014) .

Hypothesis and objectives

This project hypothesizes candidate modifier genes within the identi-
fied QTL and aims to validate them as risk factors for P. aeruginosa
infection and disease severity.

Essential methods

Validation of candidate modifier genes was carried out: 1) in model
system including gene editing with CRISPR/Cas9 of cell lines; 2) in CF
patients cohorts by exploring available BIO-banks

Results

Within the QTL locus, 14 protein-coding genes were candidates for
involvement in P. aeruginosa pneumonia. Among others, the sphingosine
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1-phosphate receptor 1 (S1PR1) ranked as one of the most promising
candidates. STPR1 encodes a G-protein-coupled receptor involved in sev-
eral physiological processes, including inflammation. Immunohistochem-
istry showed significantly decreased S1PR1 protein expression in lungs of
CF patients compared with those of non-CF. Lack of STPR1 in CF cell line
(IB3) increased inflammatory response after stimulation with P. aerugi-
nosa supernatant, indicating a possible role in the infection.

To translate our results to humans, first a genotyped cohort (Canadian
CF Gene Modifier) with clinical microbiological data for P. aeruginosa
infection was used for identification of candidate genes. Genetic-
association analysis on the syntenic human locus on chromosome 1
identified two single-nucleotide polymorphisms annotated to the dihy-
dropyrimidine dehydrogenase (DPYD) gene that were significantly as-
sociated with age at first P. aeruginosa infection. DPYD encoded a
pyrimidine catabolic enzyme and has never been described in infection
and inflammation processes. Other cohorts are under evaluation.
Conclusions

Our project identified possible genetic modifiers that affect the se-
verity of P. aeruginosa lung infection.
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Background and rationale

The underlying cause of cystic fibrosis (CF) is a mutation in the CFTR
gene. A number of CFTR correctors and potentiators, restoring mem-
brane expression and cAMP-activated gating, respectively, have been
developed, but their clinical efficacy is unsatisfactory [1-3]. We re-
cently developed a peptide targeting PI3Ky kinase-independent func-
tion [4]. (WO/2016/103176), which we found involved in the
regulation of cAMP signalling. We previously demonstrated that this
molecule rescues the conductance of F508del CFTR more efficiently
than VX-770 potentiator.

Hypothesis and objectives

In the view of developing PI3Ky peptide as a novel human medicinal
product, we intended to complete the chemical optimization of our
peptide lead. In particular, we sought to obtain a molecule that reca-
pitulates the biological features of the parent PI3Ky peptide but im-
plying lower costs of synthesis. Finally, we further characterized the
mechanism of action of the parent PI3Ky peptide.

Essential methods

Peptide derivatives were screened for their ability to elevate cAMP
levels in human bronchial epithelial cells (16HBE140-). To further in-
vestigate the molecular mechanisms underlying the ability of the
parent PI3Ky peptide to rescue F508del-CFTR function, chloride
current measurements and surface biotinylation assays were carried
out in bronchial primary CF and CFBE410- cells.

Results

The minimal active sequence (MIN seq) of PI3Ky peptide was identi-
fied and fused to different cell penetrating peptides. We found that
the efficiency of PI3Ky MIN seq in elevating cAMP levels was
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comparable to that of the parent peptide when fused to Penetratin
1. On the other hand, the parent PI3Ky peptide stimulated CFTR-
dependent currents even in non-corrected primary bronchial epithe-
lial F508del cells, suggesting that this compound may also serve as a
CFTR corrector. Surface biotinylation assays in CF cells confirmed the
ability of the PI3Ky to promote trafficking of the mutant CFTR to the
plasma membrane.

Conclusions

Overall, our data suggest that the PI3Ky peptide exerts both correct-
ive and potentiating effects and may be exploited as a single agent
for the treatment of F508del patients. This will eventually permit to
ameliorate disease management and quality of life of patients. The
PI3Ky-derived peptide received the Orphan Drug Designation by the
European Medicinal Agency (EU/3/17/1859) in 2017 and we envisage
to complete preclinical safety assessments in 1.5 years.
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Background

Cystic fibrosis (CF) is an autosomal recessive genetic disorder that re-
sults from the functional deficiency in a plasma membrane anion
channel known as CFTR. The disease is caused by mutations in the
CFTR which encodes a cAMP-regulated chloride channel. The primary
defects can be treated with drug-like small molecules, known as
“CFTR modulators”. The most promising data came from molecular
screening strategies, guiding towards the discovery of thiazole-
containing correctors. In previous studies, we identified a class of
compounds called aminoarylthiazoles (AATs) that potentially correct
the CF basic defect and also showed a strong additive effect when
combined with VX809.

Hypothesis and objectives

In our project we proceed applying a ligand-based strategy in order
to enlighten the most relevant chemical groups involved in the
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modulator ability. Thus, we collected all the corrector chemo-types
already known in the literature and used this set of molecules to per-
form pharmacophore analysis and QSAR studies. A limited number of
selected descriptors has been chosen as filtering tools for the design
of novel thiazole-based derivatives. The main objectives of our pro-
ject was to identify new compounds, belonging both to the family of
AATs and of VX-809 analogues, which have the ability to correct the
CFTR protein defect caused by F508del.

Essential Methods

In an attempt to construct more active molecules, it was thought to
generate chemically hybrid compounds, blending a portion of VX809
merged to the thiazole scaffold. Novel AAT analogues has been de-
signed by filtering on the information obtained but these QSAR ana-
lyses, synthesized and tested on CFBE410- cells expressing F508del to
further explore the chemical space around the thiazole ring.

Results

We evaluated different AAT-VX-809 hybrid derivatives with corrector
properties. The new molecules were tested in functional and bio-
chemical assays showing a promising corrector activity. Starting from
the most active compounds, we have designed a second series of
hybrids that could improve the good results obtained.

Conclusions

Herein we reported a ligand-based approach including quantitative-
structure activity relationship (QSAR) that efficiently led to the ra-
tional design and optimization of VX- 809 and thiazole-containing
hybrid compounds. Such molecules may represent lead compounds
for the development of drugs that correct the basic defect in CF
patients.
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Background and rationale

Deletion of phenylalanine 508 (AF508) in CFTR gene, occurring in
70% of Cystic Fibrosis (CF) patients, induces a proteinopathy that is
characterized by aggregates of mutated proteins, hyper-inflammation,
impaired trafficking and altered metabolism at cellular level. Aside to
lung chronic inflammation and infections, severe comorbidities develop
in pancreas, kidney, include infertility, osteopenia, diabetes and dyslip-
idemia with increased plasma triglyceride and tissues cholesterols, pan-
creas fibrolipomatosis, hepatic lipogenesis and steatosis [1]. The
lipotoxin ceramide contributes to lung hyper-inflammation [2]. We pre-
viously demonstrated that the ceramide synthesis inhibitor Myriocin,re-
duces inflammation and ameliorates defense response against bacterial
and fungal infection in CF in vitro and in vivo models [3,4].

Hypothesis and objectives

We here aim at demonstrating the mode of action of Myriocin as an
antiflammatory and antimicrobial therapeutic agent.
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Essential Methods

Myriocin treatment will be evaluated in AF508-CFTR broncho epithe-
lial cell line and in peripheral blood monocytes derived from CF pa-
tients, either homozygous or heterozygous for AF508.

Results

First, we show that Myriocin is an effective inducer of autophagy,
which is defective in CF. Second, we demonstrate that Myriocin acti-
vates key transcriptional factors, TFEB, FOXO1a and PPARgamma, in-
volved in autophagy induction, mitochondrial activity, energy
production, lipid mobilization and consume. Next, we prove that
Myriocin significantly increases the transcription of downstream
genes, regulating fatty acids entry in mitochondria (CTP1a and 1b;
FATP) and their oxidation (ACAD L). We show that Myriocin signifi-
cantly reduces pathological accumulation of lipid un-organized de-
posits. We observe that inhibition of sphingolipid synthesis causes a
reduced content of non sphingoid-lipids such as cholesterols. By RNA
sequencing, we then prove that Myriocin changes the transcriptional
profile of treated cells, enhancing the transcription of genes involved
in lipid transport and consume and energy metabolism, that is par-
tially downregulated in CF. Finally Myriocin treatment of peripheral
blood monocytes from CF patients, infected with A. fumigatus, signifi-
cantly increases their pathogen killing ability.

Conclusions

Myriocin has a therapeutic action against infection and it is a
promising agent in the cure of CF diabetes and dyslipidemia
comorbidities.
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Background
In the latest decades the offer of CF carrier tests to individuals and
couples with non increased a priori risk of having affected children
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(Carrier Screening) has been widely practiced in a sub-area of north-
eastern Italy (Eastern Veneto), although not in a structured and for-
mal setting. A reverse correlation between number of carrier tests
and CF incidence was previously shown.

Hypothesis and objectives

This observational study aimed at 1) understanding if a drop in the
use of carrier screening could be associated with higher CF inci-
dence, 2) monitoring trends of CF birth prevalence in the eastern
part of the Veneto region over an unprecedented long period; 3)
evaluating reproductive behavior of carrier couples identified by car-
rier screening.

Methods

- Collection of data on CF tests performed, quality control and
monitoring of results obtained (source: genetic labs).

- Collection of data on CF birth prevalence (source: neonatal
screening of the Verona CF Centre.

- Investigation on the causes of the decrease in the number of
tests performed in the Study Area.

- Survey on CF Genetic Counseling sessions performed (2014-
2016) in an experimental subarea, with the aim of evaluating
the ways of access to counseling of carriers and carrier couples.

Results

- Collection of data on Carrier Screening completed (1993-2017).

- A reduction in the number of tests performed in the area is
confirmed, with a concomitant increase in CF incidence.

- ldentification of the main causes of the test reduction,
namely:1)effects of the economic crisis; 2) reorganization of the
carrier test offer following the entry into force of the pertaining
recent regional legislation; 3) consequent transformation of the
private supply market.

- Re-evaluation of carrier frequency in the area under study: 1/29

- Only a fraction of carriers detected by screening use genetic
counseling facilities.

Conclusions

- The association between more newborns with CF and less
carrier tests support previous data on the correlation between
carrier screening and CF incidence.

- The results of the Survey on Genetic Counseling indicate the
importance of implementing structured carrier screening
programs that provide adequate access to pre-test information
and consulting after analysis.
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Background and rationale

Cystic Fibrosis Related Diabetes (CFRD) is a frequent complication as-
sociated to pulmonary and nutritional decay even years prior to diag-
nosis. Prominent defect is insufficient insulin secretion worsening
with age. From 2003 we followed prospectively more than 300 pa-
tients with 1,000 OGTTs (Oral Glucose Tolerance Test) modified to
quantify insulin secretory and sensitivity defects.
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Hypothesis and objectives

Insulin secretory defects arise early in life, may predispose to CFRD,
nutritional and respiratory deterioration. Focus is on the deleterious
effects of reduced insulin secretion prior to the development of
hyperglycemia. Primary aim was to create for the Italian CF popula-
tion, reference values of glucose, insulin and c-peptide concentra-
tions in response to OGTT, and of model-derived parameters of
insulin secretion and insulin sensitivity. Secondarily, to clarify the re-
lationship of secretory defects with pancreatic insufficiency, liver dis-
ease and new CF therapies

Essential methods

a) creation of a centralized data platform to upload all clinical and la-
boratory data, suitable to follow up b) 450 OGTTs with simultaneous
measure of insulin secretory and sensitivity parameters c) reference
values calculation at a national level d) analysis of the association of
the secretory parameters with clinical endpoints

Results

For the OGTTs performed, funding covered the collection of glu-
cose concentrations and clinical data, but co-funding from recruit-
ing centers allowed the completion of 406 studies with insulin
secretory data and the remaining studies being concluded with
insulin secretory data shortly. Insulin and c-peptide assays pro-
vided comparable measures among centers. Modelling is under-
way as well as statistical analysis for reference values and
relationship with clinically relevant biomarkers. Preliminary ana-
lysis from the Milan group (inclusive of previously collected data)
showed that Glucose Sensitivity and Insulin concentration at 30’
are the main correlates of lung function (1) and long term pre-
dictors of CFRD and adult height

Conclusions

Sex and age adjusted nomograms of OGTT parameters will be
powerful tools to describe the glucose tolerance defects natural his-
tory, to predict future CFRD, nutritional and respiratory decay and to
set a rational basis for treatment. A collaboration has been set with a
US multicenter group, that will replicate our protocol and analysis in
an equal number of patients, under the agreement to produce com-
mon international reference values.
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Background and rationale

There are evidence that the upper airway (nose, paranasal sinuses)
and oral cavity may be reservoir of Pseudomonas aeruginosa (Pa) and
other bacterial that cause infections in CF lung [1,2]. These adapta-
tion sites probably allow bacteria to persist and then colonize the
lower airways. Monitoring and eradication of potentially pathogenic
nasal and oral microflora in FC patients is therefore mandatory to
prevent/delay a chronic lung infection [3,4].

Objectives

1. To set up and validate a protocol for the recovery of bacterial
nasal microflora by nasal lavage (NAL) both in adults and
children CF.

2. To evaluate the incidence of potentially pathogenic bacterial
species in the upper airway/oral cavity and compare them
with those isolated from the sputum.

3. Comparison, by molecular profiles, of bacteria isolated in the
upper and lower respiratory tract to confirm their recirculation
between the two anatomical districts
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4. Evaluation of the possibility that toothbrushes may act as
bacterial reservoirs favouring the colonization of the oral cavity.

Case report A total of 60 patients (adult and pediatric) were enrolled;
they were divided into two groups: free of colonization of Pa and
with chronic infection of Pa. All patients are followed for 12/14
months with visits and sampling of NAL and sputum for a total of 2/
3 visits per patient. The Pa free patients, were also involved in moni-
toring the bacterial flora in the oral cavity and toothbrushes with sal-
iva sampling.

Conclusion

1. Patients Pa chronic infection: colonization in the lung prevent
colonization by other bacterial species, indeed no other
microorganism was isolated.

2. Patients no chronic Pa infection: colonization by differents
emerging pathogens for which there is still no clear
pathogenic role.

3. Pediatric patients: S.aureus is the predominant bacterial
species and it is often isolated together with other bacterial

4. A high percentage of patients are colonized in the nasal and
pulmonary sites by the same genetically related bacterial
species, indicating that it is the same clone and confirms their
passage from the high to the lower airways.

5. About 40% of toothbrushes were colonized by bacteria and
carry them in the oral cavity and thus potentially in the lower
respiratory tract.

Clinical purposes

- Proposal of guidelines for collection and monitoring of the
bacterial flora of the nasal/ paranasal reservoir of selected
patients FC, by application of NAL sampling

- ldentify therapeutic protocols for eradication of upper
respiratory tract bacteria in order to prevent their passage in
the lower respiratory tract and avoid/delay the onset of chronic
lung infection

- Introduction of treatment and conservation protocols of
toothbrushes in order to avoid contact with environmental
bacteria.
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Background

Chronic pulmonary infection due to P. aeruginosa is a negative prog-
nostic factor for cystic fibrosis (CF) patients. The eradication of P. aer-
uginosa in CF patients has been one of the major areas of treatment
success in the last 10 years. Early antibiotic treatment can eliminate
the bacteria in 70% of cases and delay the development of chronic
infection. Currently, there is no gold standard treatment protocol.
Hypothesis and objectives

It has been demonstrated that patients can be reinfected by P. aeru-
ginosa. Recent data indicate that the paranasal sinuses are an initial
site of the infection and serve as a reservoir for subsequent reinfec-
tion. It has also been hypothesized that P. aeruginosa undergoes
genetic adaptation in the respiratory tract of CF patients.

The main objective of this study is to compare the efficacy of two
types of treatment: the classic eradication protocol used until now,
versus the classic protocol together with nasal lavage with colistin.
The role of the paranasal sinuses in the development of P. aeruginosa
infection will be studied microbiologically.

Methods

CF patients were randomised to receive either the classic or the ex-
perimental treatment (duration is 4 weeks in both groups). Eradica-
tion is defined as 3 negative, successive P. aeruginosa cultures within
6 months. The P. geruginosa strains isolated both from the sinuses
and the lower respiratory tract of the patients will be investigated
microbiologically to evaluate genetic mutations.

Results

51 patients were randomised in 5 Centres, 25 males and 26 females
(average age 13.2 + 9.8 years). 20% of patients had positive P. aerugi-
nosa samples in the upper airway at the time of enrolment. The
mean FEV1 values at recruitment were 79.5 + 19.7 (% of predicted).
25 patients were randomized to classic treatment and 26 to classic
treatment associated with nasal irrigations with colistin. 47 (92%) of
51 patients completed 6 months of follow-up with 3 culture tests
(follow-up is still ongoing in 4 patients). At present, the group of pa-
tients undergoing experimental treatment has a reduced risk of per-
manence of P. aeruginosa in the lower airways compared to the group
of patients in the comparative arm (OR = 0.47 95% Cl = 0.10-2.20).

In patients with recolonization of the lower airways within 6 months
the responsible strain showed an identical genotype.

Conclusions

At the present time follow-up in 4 patients must be completed. Al-
though the power of the study is limited, the use of nasal lavages
with colistin, in association with classical eradication strategies, was
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well accepted and could reduce the risk of permanence of P. aerugi-
nosa in the lower airway in CF patients. Molecular studies on P. aeru-
ginosa strains are still ongoing.
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Background and rationale

Cystic fibrosis (CF) is caused by mutations in CF transmembrane con-
ductance regulator (CFTR). The most frequent mutation (F508del-
CFTR) results in the misfolding of the mutant protein that leads to its
intracellular retention and degradation. Several corrector compounds
have been identified that restore the proteostasis of the mutant pro-
tein. We recently identified the molecular changes associated with
these corrector drugs that contributed to the rescue of the mutant
protein from degradation. These changes included modulation of the
activity of several signaling pathways and also ubiquitin ligases. The
MLK3 pathway. Among the signaling pathways, one centered on
Mixed Lineage Kinase 3 (MLK3) potently controlled the proteostasis
of CFTR. We are analyzing and targeting these pathways with suit-
able drugs, when possible.

Hypothesis and objectives

We propose that MLK3 pathway acts on CFTR proteostasis by modu-
lating the levels of machinery controlling proteostasis and small mol-
ecules targeting this pathway signalling can be potent correctors of
F508del-CFTR proteostasis. So here we identify the molecular mech-
anism of action of this pathway and also identify repositionable
drugs targeting this pathway as correctors to rescue F508del-CFTR.
Essential methods

1) We have used transcriptional profiling (microarrays or RNA-seq)
under conditions when the MLK3 pathway was downregulated to
understand the molecular changes that can be correlated with the
rescue of F508del-CFTR.

2) We have identified appropriate small molecules or combinations
of them targeting MLK3 pathway and rescue F508del-CFTR in model
systems.

Results

MLK3 pathway. By transcriptional profiling we identified Insulin in-
duced gene - 1 (INSIG-1) to be an essential downstream executor of
the proteostasis control by MLK3 pathway. Specifically, we found that
INSIG-1 binds to CFTR and targets it to endoplasmic reticulum associ-
ated degradation possibly via the ubiquitin ligase gp78. INSIG-1 is
known to regulated the proteostasis of its client proteins by binding
to Sterol sensing domain (SSD) present in these proteins. We found
that CFTR has domain with similarities to SSD on its second trans-
membrane domain. By mutating a key proline residue in this domain,
we find that F508del-CFTR lost its sensitivity to INSIG-1 expression.
The intersection of the cholesterol homeostasis regulated by INSIG-1
and the CFTR proteostasis is currently being investigated. We also
screened several clinically approved (or safety approved after cross-
ing Phase | trials) MLK3 pathway inhibitors as potential correctors of
F508del-CFTR proteostasis and found 3 active compound that re-
stored proteostasis of F508del-CFTR as measured by biochemical
maturation assays. Among these 3 drugs, one of them restored also
the chloride conductance in the F508del-CFTR expressing cells to
levels comparable to that of VX-809.

The ubiquitin ligases. In addition, we also evaluated the mechanism
of action of RNF215, an uncharacterized ubiquitin ligase identified in
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our earlier analysis, whose depletion exert a potent corrector activity.
We found that RNF215 directly binds to F508del-CFTR to target it to
degradation. RNF215 downregulation also potently restored the
chloride conductance in the F508del-CFTR expressing cells.

Expected final results and their significance

These analyses provide insights into CF pathology; provide specific
targets to control F508del-CFTR proteostasis and also efficient small
molecules regulators that can rescue F508del-CFTR. The approach
precisely encapsulates the mission of CF foundation to develop in-
novative pharmacological approaches to correct or compensate the
deficiency of functional CFTR.
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Background and rationale

Cystic fibrosis (CF) is caused by dysfunction of the CF Transmem-
brane conductance Regulator (CFTR), a cAMP-regulated anion
channel that resides in the apical membrane of epithelial cells.
CFTR dysfunction can occur by defects in protein synthesis, fold-
ing, intracellular trafficking, channel gating, conductance, or
plasma membrane stability. In each case, loss of CFTR results in
abnormalities of water, chloride, and bicarbonate transport that
lead to dysfunction of target tissues. In the Caucasian population,
the deletion of phenylalanine at position 508 of the protein
(F508del) is the most frequent mutation. It causes errors in fold-
ing, trafficking and docking of the protein, determining the lack
of expression of functional CFTR at the plasma membrane. In re-
cent years some correctors, able to rescue the defects of the
F508del-CFTR, partially increasing its functional expression in the
plasma membrane, have been identified.

Hypothesis and objective

Despite the encouraging drug discovery results, to date no corrector
mechanism of action and no corrector binding site have been de-
fined. For this reason, in this project a big effort was addressed to
the identification of correctors’ binding sites.

Essential methods

To achieve results, we prepared constructs codifying for WT and mu-
tant F508del N-half of CFTR and expressed them alone or together
with the C-half in mammalian cells. Cells preparations were incu-
bated with different correctors (VX809, VX661, corr-4a and VX325) to
evaluate the effect of each drug on the expression and stability of
the two CFTR halves.

Results

Our results show that expression and stability of WT N-half of the
CFTR protein resulted enhanced by correctors VX809, VX661 and
VX325, while only VX809 and VX661 demonstrated able to exert this
effect on F508del N-half. Co-expression experiments indicated that
the C-half of the CFTR is the main target of corr-4a. Indeed, it signifi-
cantly enhanced the expression as well as the stability of this
polypeptide.

Conclusions

Retrieved results confirm that we are able to quantitatively evaluate
the effects of a corrector on each CFTR domain. Complimentary ap-
proaches such as competition and cross-linking experiments will de-
finitively permit us to identify the binding sites of available
correctors and provide useful information for the design of better
corrector candidates.
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Background and Rationale

Cystic Fibrosis (CF) is a life-shortening genetic disorder, caused by
mutations of Cystic Fibrosis Transmembrane-conductance Regulator
(CFTR) [1]. The most common F508delCFTR mutant is unable to traf-
fic to and reside at the plasma membrane (PM) [2]. Currently, CFTR-
repairing therapies available for F508delCFTR are not very effective.
For this reason our novel approach aims at targeting the derailed CF
intracellular environment, and not directly the mutant CFTR, through
a combination of drugs (e.g. cysteamine and epigallocatechin-gallate,
EGCGQ) able to inhibit TG2 activity and specific protein kinases [3].
Hypothesis and Objectives

We aim to 1) refine new targets as novel therapeutic strategy in CF
by exploiting a network of in silico and experimental approaches; 2)
validate the efficacy of novel drug candidates in pre-clinical CF
models.

Essential Methods

We used: A) in silico approaches to identify novel chemical entities
able to interact with our new protein targets [4]; B) in vitro and in
cell methodologies to validate the best candidates from A; C) in vivo
validation into appropriate mouse models.

Results

A) Refining cysteamine structure: the chemical optimization of cyste-
amine led to a series of novel compounds (CT-family), active in re-
storing F508delCFTR function, up to more than 50% respect to
control. In particular, CT11 is the best optimized molecule, being able
to restore CFTR function equally to cysteamine (>70%), at a concen-
tration more than 500 fold lower (0.1 uM vs 250 uM). These results
were obtained via SPQ assay, in both CFBE410- cells and ex vivo in
cells collected by nasal brushing from CF patients. Accordingly with
CT11 results on CFTR function, immunoblot detection of CFTR con-
firm that a sizeable fraction of the channel resides at the PM after
treatment with 0.1 pM CT11. Moreover CT11 (0.1uM) is able to re-
store Beclin 1-dependent autophagy and to reduce P62, decreasing
at the same time the inflammation biomarkers (phospho)p42/44
MAPK. Finally, CT11 is able to rescue the CFTR protein and func-
tion as well as restablish the autophagy pathway in F508del-Cftr
homozygous (CftrF508del\F508del) mice, a result obtained at
lower concentration compare to cysteamine and effective after
20d of wash out.

B) Identification of new approved lead compounds active in restoring
F508delCFTR function: by applying our discovery strategies against
our target models, we have focused our attention on our database of
approved chemical entities, with the aim to preliminary identify mol-
ecule potentially transferable to the clinical use. A small number of
approved entities were identified and prioritized for experimental
validation via SPQ assay in CFBE410- cells. Intriguingly, three com-
pounds showed encouraging results, compared to cysteamine. In-
deed, AMX, CT47 and PTE were able to restore CFTR function
similarly to cysteamine, but at a lower concentration (25, 50 and
10uM, respectively). These results obtained unequivocally demon-
strate that our research strategy is indeed very solid and that these
lead molecules (after further studies ex vivo and in vivo) could repre-
sent a very promising resource for future developments and applica-
tions in Cystic Fibrosis.
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Conclusion

The novel compounds identified represent a new frontier for the
treatment of Cystic Fibrosis, by a) clarifying the roles of several other
protein targets in CF, despite from the F508delCFTR itself; b) paving
the way for novel phase clinical studies with a combination of mole-
cules (or a single drug candidate) able to improve the life of CF
patients.
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Background and Rationale

Deletion of phenylalanine 508 in CFTR (F508del) is the most common
mutation in Cystic Fibrosis (CF) patients (70-90%). F508delCFTR main-
tains channel activity, but the mutation causes the majority of CFTR
protein to be retained in the endoplasmic reticulum and prematurely
degraded by the ubiquitin-proteasome system before it reaches the
plasma membrane. The combination of lumacaftor-ivacaftor (cor-
rector plus potentiator, Orkambi™) represents the first therapy for
CF patients homozygous for F508del-CFTR mutation, and in general
a combination of therapy seems to show improved clinical benefits
over available monotherapies [1].

Independent reports have shown that the heterotetrameric (two
catalytic a or o’ and two 3 regulatory subunits) ubiquitous and con-
stitutively active Ser/Thr protein kinase CK2 is linked to CFTR channel
function. Recently CK2 inhibition have been proposed in combin-
atory therapy with the proteostasis regulator cysteamine [2]. How-
ever, the knowledge of the molecular mechanism(s) linking CK2 and
F508delCFTR are lacking.

Hypothesis and objectives

Recently it has been demonstrated that CK2 targeting could be a vi-
able strategy to reduce the expression of HSP27 [3], a member of the
small heat shock proteins involved in F508delCFTR degradation [4].
To investigate the possible role of CK2 as a potential therapeutic tar-
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get for treat F508del patients we analyzed firstly if CK2 signaling in
these patients is deregulated, as suggested by previous reports, and
secondly if CK2-targeting via HSP27 downregulation could be a valu-
able strategy to increase F508delCFTR plasma membrane trafficking
and/or its stability.

Essential Methods

Both CFBE410™ cell variant, stably expressing either wild-type CFTR
(CFBE-WT) or the mutant F508delCFTR (CFBE-AF) (provided by J. P.
Clancy), and primary human cells from healthy and F508delCFTR pa-
tients, purchased from the Lab. Genetica Molecolare, Istituto Gian-
nina Gaslini (Genova), were used in this study. CFBE-AF cells
knockout for CK2 catalytic subunits or for HSP27 have been gener-
ated by Crispr/Cas9 gene editing tool. F508delCFTR functional recov-
ery was assayed by western blotting and by SPQ analysis.

Results

Our results show that, in contrast with what is observed in immortalized
cell lines, CK2 expression and activity is not specifically impaired in
F508delCFTR patients. In addition, we have analyzed the contribution of
CK2 targeting in combination with different type of correctors or proteos-
tasis regulator in our CK2 knockout cell models obtaining only modest re-
sults despite an overall reduction of HSP27 expression. On the contrary,
HSP27 knockout CFBE cells show an improved response to correctors
treatments leading to a strong functional recovery of F508delCFTR.
Conclusions

Whilst on the one hand these pre-clinical studies minimize the effect-
iveness of CK2 as a potential target in treating F508delCFTR patients,
on the other they provide experimental evidences that HSP27 target-
ing could be a valuable strategy in a combinatory therapy with Ver-
tex compounds.
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Background and rational

The down-regulation of genes directly involved in the pathogenesis
of severe lung diseases through pulmonary delivery of short RNA
fragments, also known as siRNA, has gained recently remarkable re-
search interest, especially in cystic fibrosis (CF). Nevertheless, the un-
successful history of inhaled siRNA points out the urgent need of an
appropriate formulation strategy to move them from the laboratory
to the bedside.

Hypothesis and objectives

The generation of breakthrough technologies and their translation
into new pharmaceutical products is crucial for CF treatment. In this
context, the general aim of the present project is the integrated de-
velopment of inhalable hybrid nanoparticles (hNPs) for siRNA deliv-
ery made up of a combination of lipids and polymers. To allow a
proof-of-concept of the soundness of this approach, the in vitro/
in vivo therapeutic potential of hNPs delivering a siRNA against one
of the most critical signals in evoking the inflammatory response in
CF, the nuclear factor-kB (NF-kB), has been assessed.

Essential methods

hNPs delivering a siRNA pool against NF-kB have been prepared
from biodegradable polymers and endogenous phospholipids. Tox-
icity, uptake and efficacy of siRNA-loaded hNPs have been evaluated
in different human airway cell culture models, providing a tool to op-
timise hNP properties for in vivo pulmonary delivery. In vivo studies
have been performed in rats challenged intratracheally with LPS from
E. Coli to induce pulmonary inflammation.

Results

Lipid/polymer hNPs for sustained release at lungs of a siRNA pool
against NF-kB have been successfully developed. The most ad-
equate formulation conditions to produce non-PEGylated and
PEGylated siRNA-loaded hNPs with optimal aerosolization and
mucus-penetrating properties have been identified. Preliminary
in vitro data suggest that siRNA-loaded hNPs are not cytotoxic
and may penetrate lung extracellular barriers, allowing siRNA up-
take inside human bronchial epithelial cells. Furthermore, a rat
model of lung inflammation has been set up and validated to
start with in vivo efficacy studies.

Conclusions

The correct operating conditions to produce nanoparticles for prolonged
release of siRNA in CF have been identified, providing a siRNA delivery
system already engineered for in vivo inhalation and transfection.
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Backgroung and rationale

Non resolving lung inflammation and infections are a main cause of
morbidity and mortality in cystic fibrosis (CF)[1-3]. Resolvin (Rv) D1 is
an endogenous lipid autacoid that promotes resolution in experi-
mental and human inflammatory diseases [4,5].
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Results from a previous FFC-funded research (FFC#21/2014) demon-
strate that RvD1: a) reduces inflammation and P. aeruginosa (PA) bur-
den in vivo; b) stimulates microbial clearance by murine and human
macrophages; c) protects lungs following persistent P. aeruginosa
infection.

Therefore, determining roles and functions of RvD1 in chronic lung
inflammation, infection, and damage is of wide interest for CF.
Hypothesis and Objectives

To test the hypothesis that RvD1 is effective in promoting resolution
of inflammation, microbial clearance, and airway tissue regeneration
in CF, two specific aims were addressed:

1. Investigating if RvD1 limits airway chronic inflammation, P.
aeruginosa (PA) infection, and damage stimulating tissue
repair in preclinical models of CF.

2. Establishing if RvD1 regulates select genes that limit
inflammation and promote tissue repair by human CF cells.

Essential methods

RvD1 actions were tested in Cftr”" mice chronically infected with a
clinical strain of PA by assessing bacterial burden, inflammation, and
tissue damage. Direct actions of RvD1 on primary CF airway epithelial
cells (CFAEC) and macrophages (M®) were established to pinpoint
molecular mechanisms activated by RvD1 to reduce inflammation
and enhance resolution.

Preliminary results (personal)

RvD1 significantly dampened bacterial burden and LPS amounts in
lungs. RvD1 also markedly dampened total leukocytes and PMN infil-
tration and ameliorated histological scores of lung pathology. In
addition, RvD1 increased the percentage of phagocytosis of PA by CF
mouse and human CF macrophages along with a significant reduc-
tion in interleukin-8, -6, and -17. In CFAEC and M® from CF volun-
teers RvD1 regulated genes involved in inflammation and anti-
microbial responses.

Spin-off for research & clinical purposes

These results indicate that RvD1 enhances resolution of PA infection
and inflammation in CF, thus fostering further studies in preclinical
models and clinical trials, as well as spin-off for research applications
in a relatively short time (~3-5 years) for exploring RvD1 as a novel
therapeutic for CF.
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Background and rationale

TMA (4,6,4"-trimethylangelicin) is a potentiator and corrector of mu-
tated CFTR protein, with anti-inflammatory activity useful for treating
CF lung disease [1,2]. Concerns raised on the potential phototoxicity
and mutagenicity of the parent TMA molecule led to design and
study new derivatives with one or more of the three biological ef-
fects of TMA but excluding the potential safety risks.

Hypothesis and Objectives

The major objective of the project was to synthesize and test new gen-
eration TMA analogues as F508del CFTR correctors and/or F508del
CFTR potentiators and/or inflammatory down- modulators, lacking pho-
totoxicity and mutagenicity. The collected data could have allowed to
derive structure-activity relationships aimed at a comprehension of the
structural features on the TMA scaffold, required to obtain selective
anti-inflammatory or CFTR modulatory properties or both activities.
These new findings could improve CF therapy, providing the option
of associating an anti-inflammatory effect besides the key activity of
rescuing and potentiating CFTR.

Essential methods

The project was realized through the following steps: design and
synthesis of new TMA analogues; evaluation of the phototoxicity and
mutagenicity; test of the anti-inflammatory activity, test of the effects
on CFTR function; derivation of structure-activity relationships.
Results

A small library of about 50 new TMA analogues were synthesized with
structural modification in the 4 and 6 positions of the furocoumarin nu-
cleus. Among them, some compounds were identified exhibiting CFTR
modulation and/or NF-kB inhibition, without the side effects of parent
TMA [1]. They maintained the potentiation activity of CFTR and signifi-
cantly rescued CFTR-dependent chloride efflux in several cell models
[2]. These analogues mediated CFTR correction by modifying MSD1
and indirectly stabilizing the interface between NBD1 and CL4.
Conclusions

New generation TMA analogues were obtained to overcome the side
effects of the parent TMA, maintaining CFTR modulation and/or anti-
inflammatory properties. The main structural determinants that drive
the biological activities of the parent TMA were determined, thus
allowing to find novel candidates with useful features and negligible
side effects for pre-clinical studies.
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Background and rationale

The Phe508del mutation in the first nucleotide-binding domain, which
is the most common mutation among individuals with CF, results in
the production of a misfolded protein with residual activity that is de-
graded by the ubiquitin-proteasome system during biogenesis. Thus,
regulator of cellular protestasis may alter trafficking of Phe508del-CFTR
and favour its plasma membrane targeting and stability.

Hypothesis and objectives

In our last CF project, we have defined mechanisms by which dysregu-
lated inflammasome activity may contribute to the vicious circle perpetu-
ating pathogenic inflammation. Anakinra, a recombinant, non-glycosylated
version of human IL-1RA, limited the pathological consequences of micro-
bial colonization in CF trough the autophagic/proteasomal degradation
system. As this pathway is defective in CF and is associated with failure to
target misfolded CFTR for degradation, we have proposed the evaluation
of anakinra as a regulator of CFTR protein via proteostasis.

Essential methods

The project included murine and human studies.

1. In vitro, to assess the effect of anakinra on expression, cellular
localization and functional activity of Phe508del-CFTR and the
molecular mechanisms behind anakinra’s rescuing activity in
Phe508del-CFTR-transfected CFBE410-cells and HBE cells from
patients homozygosus for the Phe508del-CFTR mutation and

controls.
2. In vivo, in Cftr-Phe508del mice to define the pharmacology of
anakinra.
Results

The results of our project aimed at elucidating whether anakinra
would be capable of promoting CFTR rescuing have indicated that
anakinra is able to exert CFTR rescuing activity in Phe508del-CFTR-
transfected CFBE410- cells and HBE cells from CF patients, through
both the conventional and unconventional secretion pathways.
Conclusions

Studies are underway to define the possible molecular mechanisms
underlying the ability of anakinra to promote both pathways. Ultim-
ately, the ongoing studies on the comparative activity of anakinra
alone or combined with correctors and/or potentiators on chloride
channel activity are definitely required to validate the repurposing of
anakinra as therapeutic agent in the real-life CF.
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Background and rational

The antimicrobial peptide M33 is a molecule currently in preclinical
development for the set up of a new antibiotic for lung infections in
Cystic Fibrosis (CF) patients. In parallel to the preclinical development
of the molecule as a free drug, we are developing and characterizing
optimized drug delivery systems to enhance its effectiveness. Here
we designed and developed polymeric nanoparticles (NPs) for the
peptide delivery to the lung, in order to achieve an optimized activity
of M33 to the pulmonary infection sites. This work was done in col-
laboration between two research groups from Siena and Caserta.
Hypothesis and objectives

The Siena group was dedicated to the molecule production test
in vitro and possible animal experiments. The Caserta Unit was dedi-
cated to the selection and characterization of the drug delivery for-
mulations encapsulating M33.

Essential Methods

The M33 peptide was produced according to the manufacturing pro-
cedures developed in the past, and encapsulated in different poly-
meric NP formulations, in order to achieve an optimized peptide
formulation able to improve the M33 activity. The developed M33-
loaded NP formulations were tested in vitro for their efficacy and
toxicity.

Results

During the project several lots of PLGA-based nanoparticles (NPs)
containing M33 were produced. The obtained delivery systems
showed optimized size, zeta potential, in vitro aerosolizzation proper-
ties and peptide encapsulation and in vitro release. The obtained for-
mulations were tested for antimicrobial activity by MIC assays against
P. aeruginosa, and for toxicity against eukaryotic cells. No significant
toxicity was revealed.

In parallel, an animal model of lung infection with P. aeruginosa was
set up using a Penn Century device for nebulization and an aerosol
machine specifically constructed for animal exposure to encapsulated
M33.

Conclusions

In order to improve M33 delivery we set up a novel NP preparations
based on PLGA and containing the peptide M33. The most important
results regarded the strong decrease of toxicity with respect of the
non-encapsulated peptide. Experiments in vitro were set-up for the
measurement of M33 efficacy using culture medium where bacteria
grew slowly and the peptide released from NPs could be active
against bacteria. An animal model was also set-up for future in vivo
experiments.
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Background and rationale
Pseudomonas aeruginosa is the most predominant pulmonary patho-
gen in cystic fibrosis (CF)[1]. It is quite difficult to eradicate, mainly due
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to its resistance to most available antibiotics and ability to form bio-
films. We identified a peptide from frog skin (21 amino acids), Esc(1-21),
which rapidly kills P. aeruginosa with a membrane-perturbing activity
that prevents bacteria from developing resistance[2]. Recently, we
designed a diastereomer of Esc(1-21), more stable and less cyto-
toxic than the wild-type peptide; more efficient in stimulating mi-
gration of bronchial cells and presumably in promoting recovery
of the bronchial epithelium integrity[3,4]. This is a relevant fea-
ture considering the defective airway epithelial wound repair in
CF sufferers. Yet, the diastereomer was more efficient in reducing
lung bacterial burden in mouse models of P. aeruginosa lung in-
fection. However, conceiving AMPs for local delivery to the lungs,
adequate airway delivery strategies are needed to promote their
transport to the infection site.

Hypothesis and objectives

Main objectives of the Project were (i) an in-depth study of the re-
epithelialization activity of these peptides and (ii) the development
of new effective and economically feasible polymeric nanoparticles
(NPs) loaded with each peptide to assist its diffusion through the
bronchial mucus and to allow local treatment of P. aeruginosa lung
infection.

Essential methods

A multidisciplinary approach combining biochemical, microbiological
techniques and preclinical testing in mouse models to explore the effi-
cacy and safety profile of the selected peptides and peptide-loaded NPs.
Results

Preclinical data in a murine model of P. aeruginosa lung infection
have provided the first evidence of the success of poly lactic-co-
glycolic NPs as valuable nanocarriers to assist the delivery of anti-
microbial peptides in the conductive airways as well as to boost up
their antimicrobial effect. Furthermore, we have observed that the
re-epithelialization of the bronchial epithelium by these peptides in-
volves transactivation of epidermal growth factor receptor.
Conclusions

On the basis of our findings, it can be concluded that the diastereo-
mer represents the best candidate for the development of inhalable
nanoformulations for controlled delivery of the peptide at CF lungs
prolonging its therapeutic efficacy with minimal side-effects. These
NPs could be further developed into dry powders for inhalation
allowing a much easier and faster administration as compared to
nebulized liquid formulations or intravenous injection.
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Background and Rationale

Microbial biofilms are the underlying cause of persistent infections in
Cystic Fibrosis lungs. The formation and maintenance of biofilms de-
pends critically on the presence of bacteria-to-bacteria interconnect-
ing extracellular substances that serve as a biofilm matrix. Biofilms
display a high resistance to killing by most antimicrobial compounds
and this high level of resistance depends on multiple factors associ-
ated with adaptive changes in gene expression accompanying the
biofilm growth state and the inherent properties of biofilm structures
that act as physical barrier to antibiotic penetration. For this reason
new drugs, alternative to conventional antibiotics, are needed to
combat specifically biofilm forming pathogens. At this regard, Host
Defence Peptides (HDPs), are a valuable attractive both for their se-
lective toxicity and multi-immunomodulatory properties. During FFC
project #20/2014 we have identified [1] and studied several new hu-
man cryptic HDPs never analysed so far. Some of these molecules
have interesting features [2-4] and for this reason we have deepened
their study in the perspective as new potential CF therapeutics.
Hypothesis and Objectives

The aim of our pilot project FFC project #16/2017, was to characterize
three very promising peptides (GVF27, HVA36 and IMY47) for their anti-
microbial and anti-biofilm properties, alone or by combination therapy
approaches, as well as analyse their possible biocompatibility on cul-
tured epithelial cells and in vivo on murine models.

Essential Methods

The three peptides have been extensively characterized for their ac-
tivities, alone or in combination with antibiotics, on a broad
spectrum of CF clinical isolates. We have also evaluated their anti-
biofilm properties (by static and co-culture experiments), their affinity
for endotoxins (e.g. LPS) by CD analysis, their immunomodulatory
properties (immune-enzymatic assays) on LPS induced murine mac-
rophages and bronchial epithelial cells and their toxicity in vivo on
mice by CFaCore facility.

Results

All three cryptic peptides show significant antimicrobial activities
(with MIC ranging from 2 to 10 uM) on CF clinical isolates, good af-
finity for LPS (HVA36 and GVF27) and LTA (GVF27) endotoxins, and
significant antibiofilm properties (GVF27 and HVA36). Nevertheless
IMY 47 is the only non-toxic when administered in vivo (by aerosol
treatments and also by cutaneous injections) and moreover it pre-
sents in its sequence a cryptic potent anti-biofilm peptide (IMY25)
that we have successfully produced and in vitro characterized. Start-
ing from these observations, our future efforts will be dedicated to
explore their therapeutic potentialities in cell-based and pre-clinical
models of CF.

Conclusions

The development of novel therapies represents a priority to relieve
life conditions of CF patients. Our studies point to potential use of
novel anti-biofilm drugs of human origin, alone or combined with
antibiotics, could crucially improve the treatment to eradicate bacter-
ial lung invasion.
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Background and rationale

Non-tuberculous mycobacteria (NTM) are very difficult to eradicate
pathogens and in cystic fibrosis (CF) patients are often associated to
serious chronic infections (about 10%). M. avium causes almost half
of the infections and rapidly develops resistance due to the overex-
pression of efflux pumps (EPs) able to extrude from the cell antimy-
cobacterial agents such as macrolides. Therefore, inhibiting EPs is a
promising strategy to contrast these infections, restoring the sensitiv-
ity of mycobacteria to ineffective drugs and preventing the micro-
organism from developing specific resistance mechanisms.
Hypothesis and objectives

The main aim of the project was the development of M. avium EP in-
hibitors (EPIs) able to synergize the activity of antibacterial agents
that are now obsolete and thus open the way to a new anti-infective
strategy that can improve the lifestyle of CF patients.

Essential methods

In this project, by exploiting a multidisciplinary approach including
drug-design, chemical synthesis and biological evaluations, we per-
formed the chemical optimization of compounds with a 3-
phenylquinolone scaffold previously identified by us as M. avium
EPIs. The compounds designed and synthesized have been prelimin-
arily tested against M. smegmatis to evaluate EPI activity and on hu-
man cells (macrophages) to determine toxicity. The best compounds
in terms of toxicity/activity ratio have been advanced against M.
avium.
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Results

Our studies have led to the identification of some new molecules with a
high inhibitory potency of EPs and one of these in particular is able to en-
hance the activity of antibiotics such as clarithromycin, which is a drug of
choice for the NTM infections treatment, and ciprofloxacin against M.
avium, at lower concentrations than those toxic to macrophages.
Conclusions

Considering the field of NTMs EPIs, this compound has the best tox-
icity/activity profile ever shown and can represent a new starting point
for further optimization aimed at identifying preclinical candidates.
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Background and rationale

M. abscessus (MA) is one of the most frequently isolated non tubercu-
lous mycobacteria (NTM) in patients with cystic fibrosis (CF)[1]. Despite
the reports on increasing prevalence of MA, including multidrug resistant
strains, its pathogenic role is still controversial, due to the limitations of
the available cellular and animal models used to study MA infection[2].
Hypothesis and objectives

Our hypothesis is that strains of MA isolated from patients with dete-
riorated lung functionality may differ in pathogenicity from the ones
isolated from asymptomatic patients. For this reason we investigated
the pathogenicity of the MA subspecies (subs) to identify the pa-
tients who could benefit from antimicrobial treatment.

Methods

MA subs reference strains (MA abscessus, MA bolletii and MA massiliense)
and isolates from CF patients were used to establish chronic infection,
using the agar beads method[3], in WT and CF mice up to six months.
Pulmonary mice lesions were monitored by magnetic resonance imaging
(MRI) and at different time points mice lungs were processed for micro-
biological analysis, inflammatory response and histological evaluation.
Results

Using different reference and clinical strains of MA subs we were
able to establish a long-term (up to 3 months) chronic lung infection
in WT and CF mice with a stable bacterial load (-1x10°> CFU). After 6
months of MA infection the lung was still characterized by a granu-
lomatous response with aggregation of lymphocytes and macro-
phages despite, at this time point, some animals had cleared the
lung infection. The persistence of lung lesions was also confirmed by
the quantification of the infectious foci made possible with MRI. The
inflammatory response in bronchoalveolar lavage fluid was not statis-
tically different from the one of control mice while in total lung the
level of cytokines/chemokines (TNF-q, IFN-y, GM-CSF, IL-13 and KC)
was sustained during the all course of MA infection.

Conclusions

We could therefore establish, for the first time, a model of chronic
MA lung infection with minimal systemic involvement in in immune-
competent mice. The availability of this murine model and the longi-
tudinal MRI monitoring of mice will hopefully allow to identify the
MA isolates responsible for severe disease and to investigate in vivo
the impact of novel therapeutic protocols.
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Background

Since the CFTR gene was cloned in 1989, several strategies for cor-
rection of CF lung disease have been explored. Among these, cell-
based approaches are under investigation. Endogenous lung stem
and progenitor cells have been studied although their contribution
in the amelioration of chronic lung diseases is still debated. Stem
cell-based approaches to treat CF have not achieved the efficiencies
of delivery and engraftment needed for therapy. The reasons rely on
the low cell engraftment in the lungs after systemic administration
and on the small percentage of differentiated cells in airway epithelia
and in the even less percentage of CFTR expression.

Hypothesis and objectives

During our recent works on a class of mouse progenitor cell derived
from vessel, named mesoangioblasts (mMMABs), we observed that
mMABs, when systemically transplanted in healthy and CF mice dis-
tributed throughout lung, trachea and intestinal epithelium over-
time. The aim of this project was to evaluate for the first time the po-
tency of human mesoangioblast to correct the CFTR defect. The
whole study can be considered a crucial step to definitively develop
a cell-based therapy for patients affected by CF.

Essential methods

Different populations of human MABs (hMABs) have been tested for
the expression of CFTR. hMABS have been co-cultured with human
bronchiolar epithelial cells from CF patients bearing severe mutations
of CFTR to evaluate their ability to differentiate into epithelium and
to express a functional CFTR (by Ussing chamber), thus mimicking
the in vivo environment.

Results

We observed that hMABs already in vitro express, although at low levels,
both the immature and mature forms of CFTR. Notably, this expression
corresponds, in ex vivo Ussing chamber by co-cultures of hMABs with CF
bronchiolar epithelial cells, to a functional CFTR channel.

Conclusions

This project represents a major advance over any other cell-based
therapeutic strategy for CF. This first study on human MABs demon-
strates their ability to express functional CFTR, rescuing chloride ions
transport in CF epithelia and possibly differentiating into epithelial
like cells. The results obtained from this proposal will definitively
make these cells eligible for a clinical translation in human CF pa-
tients as a cell based therapy.
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Background and rationale

A new generation {-adrenergic-dependent sweat secretory test
based on imaging of droplets of sweat formed at the surface of the
skin (bubble test) was developed in Stanford.

Hypothesis and objectives

The main goal of the project was to build a cross-university network
(Verona, Brussels and Paris) allowing spreading the bubble test out.
The main goal of the Verona CF center was to implement the test in
Europe. The main goal of the Brussels center was to develop a non-
invasive version of the test, without intradermal injections. That of
the Paris center was to make comparisons with the Toronto’s eva-
porimetry version of the B-sweat secretory test for which the center
has acquired a vast experience.

Essential methods

Adapting and updating setup and materials of the bubble test
method previously described and following a well-established proto-
col for the evaporimetry method.

Results

The Verona center has recently published data confirming the approxi-
mately linear readout of CFTR function obtained in tests performed in
three groups (CF subjects, CF carriers and non-CF controls, n = 22 in
each group). Results showed that all groups were clearly discriminated,
with sensibility and specificity ranging from 82% to 100%. The Verona
group recently reported data on a new Optical Sweat Rate Beta Adren-
ergic (OSRBA) test for measuring sweat rates in individual human sweat
glands based on a multilinear regression model. It showed that the vol-
ume of sweat secretory glands discriminated between CFTR genotypes
and allowed quantifying efficacy of pharmacological treatments with
CFTR modulators; i.e. lumacaftor/ivacaftor (Orkambi) or PTC 124 (Atalu-
ren). The Brussels center had success in the development of a non-
invasive version of the test by iontophoresis of the pharmacological
agents used, which is particularly challenging for those triggering the
B-adrenergic phase of the test. Interim results obtained from 10 pa-
tients with CF, 29 healthy subjects and 1 CF carrier confirmed the good
discriminative power of the test. Approval by the Ethics committee to
conduct the comparative trial was obtained in the Paris center and so-
lutions for injections are managed by the local institutional Pharmacy.
Conclusions

We have confirmed during this project that, either under intradermal
injections or iontophoresis, the sweat droplet (bubble) test is able to
fully discriminate between CF, non-CF and healthy subjects. Further
comparative studies between measurements of bubble volumes and
of water evaporated during sweat are ongoing.
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Background and rationale

Active drugs on certain mutations of the CFTR gene are now avail-
able for CF therapy. Many drugs in the circulation can be inactivated
by plasma proteins regulated by various nutritional, infectious, and
inflammatory conditions. This exposes to variability of response to
the same drug among different patients.

Hypotheses and objectives

To investigate the variability of response among CF patients, the
levels of active circulating plasma drug of patients undergoing treat-
ment were assessed, which can be detected by the swelling of hu-
man intestinal organoids, structures derived from rectal mucosa,
available in the laboratory for long periods.

Essential methods

Active drugs were analyzed on specific CFTR gene mutations in the
plasma of CF patients during therapy, in particular Ivacaftor / Luma-
caftor (VX-770 / VX-809, Orkambi). With the known dose of drug
added to the human plasma laboratory of non-CF volunteers, the
method was set up. The swelling effect on the organoids is com-
pared with the plasma effect of CF patients during treatment.
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Results

Patients with circulating levels of Ivacaftor / Lumacaftor have been identi-
fied as effective in inducing the swelling of the organoids. In these condi-
tions the clinical recovery was not identifiable with spirometry because
the pulmonary function was either too compromised or almost normal;
chlorine in the sweat expressing CFTR function had changed differently
in individual patients during treatment without normalizing.

Conclusions

This study found in plasma of CF patients in therapy with Ivacaftor /
Lumacaftor the presence of effective drug in correcting the function of
CFTR defective in CF organoids homozygous for the F508del mutation.

Personalized medicine becomes possible with this model of orga-
noids, even more considering that the plasma could be tested in
organoids derived from rectal biopsies of the same patient (obtained
with a non-disturbing, painless procedure). The organoids are thus
used completely for the development of new drugs, prediction of
clinical response, monitoring of therapies established in individual
patients, diagnosis of atypical forms and greater understanding of
the consequences of different mutations of the CFTR gene.
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