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Background and rationale

Cystic Fibrosis (CF) is a highly heterogeneous disease. Several airway epi-
thelial in vitro models have been developed to better understand patho-
genic mechanisms underlying CF, to investigate the patient-specific
prognosis and response to therapeutics [1]. Although these models are
useful, they do not recapitulate the crosstalk between epithelial cells
and the connective tissue, which has important consequences on the
differentiation and function/dysfunction of the epithelium [2-4].

Hypothesis and objectives

The project aimed to build up a novel 3D CF model (called Full Thick-
ness model) featured by the presence of the lung epithelial and con-
nective compartments. Moreover, we designed and fabricated a
microfluidic device for the culture of CF models, for monitoring tissue
function and for administrating drugs.

Essential methods

The normal and CF connective airway tissues (CAT) were produced by
using a bottom up approach starting from the assembly of pulmonary
engineered micro-tissues. In order to build up the full thickness model,
normal and CF epithelial cells were seeded on the top of the normal or
CF CAT and differentiated at the Air Liquid Interface. The engineered
tissues were characterized by morphological, functional and molecular
analysis. The microfluidic chip was designed in Autocad and fabricated
in Poly Dimethyl Siloxane using a Micromilling.
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Results

The CF CAT showed significant differences compared to the normal
one. Specifically, CF lung fibroblasts proliferated faster and produced
more elements of the extracellular matrix, featured by a higher elastic
modulus. Epithelial cells developed a differentiated epithelium on the
surface of the CAT and penetrated the matrix forming glandular-like
structures resembling submucosal glands. The viscosity of the mucus of
the CF was higher than the normal model. At the same time, the micro-
fluidic device was developed for the culture of CF models. The chip
was equipped with electrodes and an aerosol for monitoring tissue
function and administrating substances in the apical side.

Conclusions

The novel 3D model well recapitulated complications occurring during
CF both in the connective and epithelial compartments. For this reason,
we expect it could be used to investigate the role epithelial-stroma
crosstalk in CF. Moreover, the fabricated microfluidic chip could be
used for the culture of CF models, for administrating drugs in the apical
or serosal side of the sample and to monitor their efficacy.
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Background

In addition to the cystic fibrosis (CF) transmembrane conductance
regulator (CFTR) gene defect, the severity of pulmonary disease cor-
relates also to other genetic factors [1]. Several CF mouse models
were generated by using redundant genetic backgrounds, whose do
not represent the heterogeneity of the human population [2]. Thanks
to a previous FFC project (FFC# 11/2015), we generated two new CF
mouse models (CC06_CFTR™ " and CC037_CFTR™' ™) carrying the
AF508 mutation in the different genetic background derived from
the Collaborative Cross (CC) mouse population [3,4].

Hypotesis and objectives

The hypothesis guiding our proposal is that the mutation of CFTR in mur-
ine populations with genetic diversity may cause different pathological
alterations not detected so far. The final objective is to characterize the
disease manifestations in the two new CC_CF murine models.

Methods

CC_CF murine lines have been characterized for spontaneous path-
ology and for susceptibility to P. aeruginosa lung infection. Disease
phenotypes have been dissected by monitoring survival rate, body
weight, hematological analysis and multiorgans histopathology.
Results

Breeding of CC06_AF508-/+ heterozygotes does not produce homozy-
gotes mice CCO6_ AF508” indicating potential premature death in
utero for this line. However, CC37_ AF5087* produces 10% of vital ho-
mozygotes mice CC37_ AF508”. CC37_ AF508” mice (CF) showed a
significantly lower survival rate post birth with reduced body weight in
comparison to the congenic WT mice. Hematological analysis showed
significantly higher neutrophil in CF than WT, indicating an ongoing
systemic inflammation. Histopathology indicated that CF mice exhibit
both the expected CF-related gut pathology and, different from previ-
ous models, alterations in the lungs. Bronchial epithelium of CF mice
was diffusely hyperplastic with multiple-layers of epithelial and in-
creased of goblet cells. Muco-obstructive alterations in the lungs were
observed in the trachea and major bronchi of CF mice. Additional
pathological phenotypes have been observed in other organs including
pancreas, heart, reproductive tract, spleen, thymus and bone marrow.
Conclusions

CC lines greatly expanded the range of disease phenotypes relative to
classical inbred strains and may lead to the generation of diseasespeci-
fic mouse model that potentially reproduce the CF human disease.
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Background and rationale

The application of anti-virulence drugs to treat chronic lung in-
fections caused by Pseudomonas aeruginosa in cystic fibrosis
(CF) patients has been hampered so far by toxicity issues and
limited knowledge about their efficacy on CF strains. The state
of the art knowledge about P. aeruginosa infection in CF high-
lights three notions relevant for CF research: i) the drug repur-
posing approach can be used for the identification of anti-
virulence drugs with low toxicity and high probability of a rapid
transfer to the clinic; ii) any new compound active against P.
aeruginosa model (non-CF) strains should be proven to be ac-
tive also against a large proportion of strains isolated from CF
patients, before further development for CF therapy; iii) it is
worth to test anti-virulence drugs targeting the quorum sensing
system of P. aeruginosa (pgs) for their application to CF
therapy.

Hypothesis and objectives

We have discovered a new anti-pgs activity in three “old” FDA-
approved drugs originally developed for the treatment of diseases
different from P. aeruginosa infection. The possibility of repurposing
these drugs to CF therapy was evaluated, also in combination with
antibiotics.

Essential methods

The anti-virulence activity of each one of the three anti-pgs
drugs was tested against a collection of 100 P. aeruginosa strains
isolated from CF patients, having different antibiotic resistance
profiles. The interaction of the anti-pgs drugs with antibiotics
commonly used in CF therapy was studied in P. aeruginosa liquid
and biofilm cultures.

Results

The anti-pgs drugs were significantly active against a large percent-
age of CF strains, even if to different extents, and showed no antag-
onistic effects toward antibiotics. In particular, multidrug resistant
(MDR) strains seemed to be particularly susceptible to one of these
drugs, named clofoctol.

Conclusions

This comparative analysis of three anti-pgs drugs, together with
toxicity and pharmacokinetic considerations, support clofoctol as
the most promising antivirulence drug for repurposing in CF ther-
apy. However, additional confirmatory studies carried out with a
larger number of MDR P. aeruginosa CF isolates should be carried
out before proceedings with further studies in animal infection
models.
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Background and rationale

Although changes in the CF microbiota composition around the time
of exacerbations have been described [3], the analysis of taxonomic
assessment of CF lung microbiome and its functional potential have
not been investigated yet [1]. In addition, no data are present on ani-
mal models, which are crucial to complement human data and delin-
eate mechanisms of microbiome dynamics and also assist in the
development of new therapies to treat patients with CF [2].
Hypothesis and objectives

The general aim of this proposal is to provide a more in-depth un-
derstanding of the lung microbiome in humans and animal models.
The specific aims are: understand and describe the taxonomic and
functional gene dynamics of the lung microbiome of CF patients;
evaluate the combined effect of Cftr mutation and infection by P.
aeruginosa on gut-lung microbiome in wild type and CF mice.
Essential Methods

Twenty-two subjects with CF, with a severe/moderate pulmonary dis-
ease, were followed over a 15-month period. Functional and taxo-
nomic features of bacterial airway microbiome of CF patients were
inferred from shotgun metagenomic data obtained from sputum
samples. Also, male Cftr tmTUNCTgN(FABPCFTR) and their WT con-
genic mice were sacrificed at seven days post-infection to track
changes of the gut and lung microbiome during chronic infection.
Results

Microbial strain-level population structure from metagenomes re-
vealed a constant strain-level signature of a subject’s microbiome
over time, suggesting the substantial longitudinal strain retention
within the same microbial community. Time and exacerbation events
impacted the microbiota dynamic from both a functional and a taxo-
nomical perspective though the subject effect was highly relevant.
CFTR-deficient and WT congenic mice do not cluster separately for
lung following P. aeruginosa chronic infection, while a separation of
the gut microbiota with respect to the mutation was found, suggest-
ing that the CFTR genotype has more influence in our animal model
for the gut microbiota than for lung microbiota.

Conclusions

The lung microbiome of CF patients showed an extraordinary resili-
ence of the main CF pathogens with patient-specific colonization
even at strain- level. Genes associated to metabolic pathways (includ-
ing antibiotic-resistance genes) were less variable but highly patient-
specific suggesting the need for future development of personalized
therapeutic approaches based on patient- specific airways micro-
biome. The possibility to analyze the microbiome dynamics in CF air-
ways will permit to discover novel biomarkers involved in the
pulmonary disease dynamics and can give us a set of tools to unlock
the potential of microbiome-based personalized medicine in major
disease areas including CF [1]. Animal studies will also assist in the
development of microbiome manipulation of lung microbiome
aimed to restore “healthy” microbial communities.
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Background and rationale

Acute rejection (AR) is common in the first year after lung transplant-
ation (LTx). AR has usually been reversible with treatment, but it can
trigger chronic rejection (CR) that is the leading causes of late mor-
bidity and mortality. Extracorporeal photopheresis (ECP) has emerged
as a promising treatment for chronic rejection. Patients affected by
cystic fibrosis (CF) are more likely exposed to infections after LTx,
and this can lead to episodes of rejections, both acute and chronic.
Hypothesis and objectives

This study aims to verify, in recipients affected with cystic fibrosis,
whether the induction therapy with ECP can decrease the rate of AR,
in order to impact positively on chronic rejection, that is the main
cause of mortality in LTx (primary end points: survival, AR). Moreover,
the safety and efficacy of ECP will be evaluated and also the infec-
tions rate. The expected results are the reduction of acute rejection
episodes in its clinical, histopathologic and humoral manifestations.
Essential methods

This is a pilot study, single center, randomized controlled, single
blind, two parallel arms: 12 patients are in the study group (ECP and
standard therapy) and 12 patients are in the control group (standard
therapy). Analyses of immune cell functions (in presence/absence of
polyclonal or allo-specific stimulus), inflammatory status and vescicles
were performed on blood and bronchoalveolar lavage at different
time points in the first year after LTx. AR episodes and infections will
be recorded clinically, hystologically and microbiologically. We re-
corded also every adverse event.

Results

The study started on 15" September 2018, and since then we en-
rolled 12 patients. Preliminary data on the first ten patients (6 ECP
and 4 CTR) are reported. There was one drop off due to psycho-
logical difficulties. One patient in the control group died for sepsis
due to pneumonia on 10" postop day. No AR episodes were ob-
served and no adverse events due to ECP were recorded. Immune
parameters were evaluated at different time points in the first year
after LTx. In ECP compared to CTR patients: 1) regulatory T cells
(Treg) as well as IL10 production by Treg were increased; 2) IL17-
secreting Th17 as well as Th1 T cells were reduced; 3) CD107+/CD8+
(perforin-releasing CTL) T lymphocytes were reduced, 4) IL10-
producing NK cells were increased; 5) LPS-stimulated IL-10 produc-
tion was augmented whereas that of TNFa and IL-1f was reduced.
The expression of EV-associated markers CD63, CD9 and CD81 was
detected. Upregulation of platelet (CD62p; p<0.05 by t-test),
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lymphocytes (CD3, CD24) markers and integrins (CD29, CD49%e) was
observed in ECP-treated patient compared to the control group
Conclusions

This study is still into enrolling phase; the current interim analysis
did not show any adverse effect in the study group. The im-
munological tests demonstrated a profound immunoregulation in
the treated patients. We estimate to finish the enrolment before
September 2020.
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Background and rationale

About 16% of patients undergoing lung transplant (LT) account
for of end-stage cystic fibrosis (CF) patients. The first cause of LT
failure is the development of acute rejection (AR) and then
chronic lung allograft dysfunction (CLAD) that affects 50% of pa-
tients at 5 years post-transplantation. CLAD includes two entities:
bronchiolitis obliterans syndrome and restrictive allograft syn-
drome. Both phenotypes have poor prognosis with a median sur-
vival of less than 2 years for RAS and less than 4 years for BOS.
Since CLAD is irreversible, it is necessary to study the molecular
mechanisms leading to such a condition with the ultimate goal
of identifying early biomarkers for diagnosis and targeted
therapy.

Hypothesis and Objective

Our project is the molecular study of rejection in CF patients that
undergone lung transplant by performing RNA-Seq in transbronchial
biopsy (TBB) specimens.

Essential methods

From August 2015 a certified biobank is available at the Pathological
Anatomy Unit of the Padova University Hospital. For each of the
follow-up time-points, TBB have been stored according to specific
guidelines in order to perform omics analyses. lllumina NextSeq 500
has been used for sequencing RNA obtained from formalin-fixed
paraffin-embedded (FFPE) TBB specimens. The quality of RNA has
been checked before RNA-seq that has been sequenced in pair-end
mode. Prior to further analysis, a quality check of the sequencing
data has been performed.

Preliminary Results

In this retrospective study we have enrolled 18 patients that under-
gone lung transplant for end-stage CF and 10 cadaveric lung donors.
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TBBs have been evaluated for the presence of AR and CLAD accord-
ing to the guidelines of the ISHLT. Transcriptomics has been per-
formed in 40 TBB samples (11 CLAD, 6 AR, 13 samples with no
rejection and 10 donor lungs obtained before transplantation). Statis-
tical analysis, performed by the Bioconductor tool, generated a gene
list of 7675 probes corrected with p<0.05 for the AR and 4605 for
the CLAD. Ingenuity Pathway Analysis (IPA) software that assesses
biological relationships among genes and entities with a FC>1.5 evi-
denced 5 different pathways and 3 genes (CACNA1I, CERS3, FLG) that
were common in AR and CLAD. Real-time PCR to validate differential
gene expression data and immunohistochemistry on lung tissue
specimens are in progress.

Conclusions

Integrating histological data and transcriptomics we may provide
more information on the molecular mechanisms of AR and CLAD in
end-stage CF patients with lung transplant.
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Background and Rationale

An approach to identify new targets for CF is the screening of siRNA
libraries designed to silence molecules with a role in F508del-CFTR
processing and degradation, in order to pinpoint those that, upon in-
hibition, lead to CFTR rescue at the plasma membrane [1]. This
screening, performed at Gaslini Hospital by Pedemonte’s group,
already allowed the identification of some new candidate targets
[1,2]. Still, some of the identified molecules (primary targets) are “big-
players” in the cell machinery and their inhibition might potentially
arise safety concerns.

Hypothesis and objectives

In the frame of first year project, we quantified more than 4000 pro-
teins in the bronchial epithelium of CF patients, and we found that
154 of them are significantly dysregulated by the disease [3]. We
then applied the same technique to CFBE410- cells, following the
abolition of the four primary targets (FAU, RNF5, LRRC59 and PHF12).
Essential methods

We performed the proteomic analysis by using SWATH-MS [4] and a
dedicated protocol optimized for the proteomic investigation of the
human bronchial epithelium. We used publicly available software
tools to annotate the functions of the dysregulated proteins and to
investigate protein networks.

Results

Our results showed that changes in protein expression are clearly de-
tectable after the silencing of the secondary targets, thus supporting
the feasibility of our project. Indeed, we identified seven and eleven
proteins that are respectively up- and down-regulated following the
abolition of the primary targets. We thus consider these proteins as
potential secondary targets. We also identified four biological path-
ways that are significantly downregulated by the same CFTR rescuing
maneuvers. Keeping safety concerns in mind, we then selected a
number of secondary targets and some of the key proteins for the
downregulated pathways and we silenced them in CFBE410- models.
Very promisingly, some of these proteins triggered a significant res-
cue of CFTR.
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Conclusions

With the use of proteomics and bioinformatics, we managed to iden-
tify a set of proteins (secondary targets) that, when silenced in
CFBE410-, trigger a significant rescue of CFTR. The challenge is now
to translate these results to primary cell cultures from CF patients, by
modulating these targets by mean of commercially available pharma-
cological modulators.
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Background and Rationale

F508del, the most frequent mutation in cystic fibrosis (CF), impairs
the folding and stability of the CFTR chloride channel [1]. Despite the
treatment with pharmacological correctors a significant fraction of
mutant CFTR (F508del-CFTR) is eliminated by cell quality control
mechanisms based on ubiquitination and proteasome/lysosome-
dependent degradation [2].

Hypothesis and Objectives

Our proposal aims at the identification of deubiquitinases (DUBs) and
ubiquitin ligases (UBLs) that control mutant CFTR degradation. Identi-
fication of the main mechanisms responsible for mutant CFTR deg-
radation, and development of pharmacological strategies to contrast
them, may help to achieve better levels of CFTR correction.

Essential Methods

We used pharmacological modulators and gene silencing to identify
the DUBs that are involved in F508del-CFTR processing.

Results

Using gene silencing by siRNA transfection, we have identified a
panel of DUBs that influence F508del-CFTR rescue by corrector VX-
809. In particular, knockdown of USP13 results in decreased F508del-
CFTR function [3]. Therefore, these DUBs may have a protective role
on F508del-CFTR by contrasting the process of ubiquitination that
occurs even in the presence of the corrector. Intriguingly, we also
found DUBs whose silencing amplifies mutant CFTR rescue. In this
case, we need to postulate a more indirect mechanism in which the
DUB activity affects the expression/function of a regulator of
F508del-CFTR processing.
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Conclusions
A better knowledge of the mechanisms that limit mutant CFTR res-
cue can lead to improved therapeutic strategies.
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Background/Rationale

Transglutaminase 2 (TG2), the most ubiquitous member of the TG
family, plays a crucial role in Cystic Fibrosis (CF) pathogenesis. TG2 is
a multifunctional enzyme involved in a variety of cellular processes
by playing a key regulatory role in intracellular proteostasis under
stressful conditions. TG2 catalyses post-translational modifications of
proteins through both Ca®* dependent and independent reactions.
In fact, in addition to its crosslinking activity, TG2 may also act as
protein disulphide isomerase [1]. It has been demonstrated that TG2
is constitutively up regulated in CF airways and drives chronic inflam-
mation. The enzyme deregulation in CF disrupts the TG2 mediated
capability of fighting stress, making TG2 a harmful, instead of benefi-
cial, player of the disease pathogenesis [2]. Several TG2 inhibitors can
ameliorate the disease phenotype such as cysteamine, a small mol-
ecule with pleiotropic functions, among which the capability of con-
trolling TG2 overactivation in CF improving the trafficking and the
function of F508del CFTR [3].

Hypothesis and Objectives

The aim of this project is to elucidate the molecular mechanisms by
which cysteamine modulates CFTR trafficking and consequently the
susceptibility to opportunistic airways infections. We will assess the ac-
tivity of cysteamine against bacterial infection and the effect on the ac-
tivation of the innate immune response analysing the STING pathway
in the CF models. Moreover, we will perform a transcriptome sequen-
cing in human and mouse CF models using cysteamine to inhibit TG2
with the aim to obtain a platform of new possible CF targets.

Essential methods

We will use CF mouse models infected in vivo and ex vivo with Mabs
and P. aeruginosa as well as peripheral blood mononuclear cell from
CF patients.

Results

Our findings indicate that cysteamine can improve the clearance of
other pathogenic mycobacteria such as Mycobacterium abscessus.
Moreover, we found that TG2 is able to control the innate immune
response by regulating type 1 interferon production, thus possibly
explaining the negative role of the enzyme in the infection process.
Conclusions

The results of this project will define the molecular basis that sup-
ports the use of cysteamine not only as a CFTR corrector but also as
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a promising therapy against bacterial opportunistic infections [4,
5]. To understand the molecular pathway involved in bacterial in-
fection could provide new possible targets and the possibility to
define novel strategies aimed to improve the health care of CF
patients.
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Background and rationale

The F508del mutation causes the arrest of the maturation of CFTR
protein. Correctors are able to rescue F508del-CFTR, either by act dir-
ectly on CFTR or by modulating other proteins thus affecting CFTR
maturation. Our studies highlighted the E3 ubiquitin ligase RNF5 [1]
as a target whose inhibition leads to mutant CFTR rescue both
in vitro and in vivo [2]. Thus, we used a computational approach,
based on ligand docking and virtual screening, to discover inh-02, a
drug-like small molecule that inhibits RNF5 [3].

Hypothesis and objectives

Treatment with inh-02 causes significant F508del-CFTR rescue in im-
mortalized and primary bronchial epithelial cells from F508del homo-
zygous CF patients. Our aims now are: 1. the optimization of RNF5
inhibitors; 2. the evaluation of possible individual variability in the ef-
ficacy of RNF5 inhibitors; 3. the evaluation of possible toxicity of
RNF5 inhibitors (due to their mechanism of action).

Essential methods

Improved RNF5 inhibitors will be developed by screening commer-
cially available analogs and by synthesizing novel analogs. The know-
ledge of the structure-activity relationship will help us to improve
efficacy and potency of RNF5 inhibitors. The efficacy of RNF5
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inhibitors on mutant CFTR will be assessed by electrophysiological
techniques on bronchial epithelia derived from patients bearing
F508del or other mutations with trafficking defect.

Results

We have tested a set of inh-2 analogs and identified moieties that
are mandatory for the activity of the compounds. We have verified
the ability of inh-2 to rescue F508del-CFTR on well-differentiated pri-
mary cultures of human bronchial epithelial cells from various
F508del homozygous subjects. We have observed lack of side effects
after long-term treatment of bronchial cells with inh-2. We have
demonstrated that inh-2 is additive with both C2 and C3 types of
correctors [4].

Conclusions

Our results clearly demonstrate that RNF5 inhibition can rescue
F508del-CFTR trafficking defect and that this mechanism is not
only amenable in cell lines or in a murine CF model, but also in
human primary bronchial epithelia, that are the main target tis-
sue of CF treatment. These findings thus validate RNF5 as a
drug target for CF, and provide evidences to support its
druggability.
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Background

Cystic Fibrosis (CF) is caused by mutations (mainly F508del) of the
cystic fibrosis transmembrane conductance regulator (CFTR). Current
CF therapies are aimed at symptoms alleviation, calling for new
drugs to rescue CFTR function.

Hypothesis and objectives

Drug repositioning is aimed at finding new applications for already
marketed drugs, reducing cost and duration and the likelihood of
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unforeseen adverse events. In this project we have integrated drug
repositioning with computational studies, surface plasmon resonance
(SPR) [1] and well-tried cellular models [2] to identify new CF drugs
and to comprehend their mechanism of action.

Methods and results

We have prepared a new structural homology model of intact human
F508del-CFTR embedded in a phospholipid bilayer and a SPR biosen-
sor containing the same protein in a cell membrane-mimicking lipid
film.

These tools, along with appropriate cell-based assays, have been
firstly used to analyze a mixed library of well-known and new com-
pounds that allowed the validation of the system and the identifica-
tion of a promising molecule endowed with a F508del-binding and
rescuing capacity that is higher than those of drugs already in use.
With the computational model we have then performed a virtual
drug repositioning on a library of 846 drugs, identifying 10 drugs
that were reduced to 4 on the basis of toxicity profile and patient
compliance. These drugs will be now subjected to experimental ana-
lysis by cell-based and SPR assays for their effective capacity to bind
F508del-CFTR and rescue its activity. Also, we will proceed to the vir-
tual repositioning of a library of natural compounds.

Spin-off for research & clinical purposes

The novel computational models and biosensors will widen the study
of CF drugs and made available to other research groups in the field
of CF.
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Background and Rationale

Some CF patients are compound heterozygous or homozygous for
nonsense mutations in the CFTR gene. Mutant CFTR gene coding for
transcripts with premature termination codons (PTCs) is responsible
for truncated CFTR protein and for a severe form of the disease. In a
precision medicine framework the “REPAIRv2” (RNA Editing for
Programmable A to | Replacement v2) tool, developed in the labora-
tory of Dr. Feng Zhang (USA), seems a good alternative to restore
the full-length CFTR protein by editing its mMRNA containing PTCs.
This new approach is based on the possibility of targeting a deami-
nase enzyme (huADAR2) to a specific Adenosine, to be edited to In-
osine (G analogue), on the mutant RNA by a specific guide RNA
(gRNA), complementary to the target regions, and a Cas protein.
Hypothesis and objectives

We applied the new CRISPR/dCas13b based molecular tool of RNA
editing (REPAIRv2) to correct the premature stop codon UGA, chan-
ging to UGG, in the H2bGFPopal and CFTRV'?*2* mRNAs with the
purpose of recovering the full-length proteins.
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Essential Methods

We designed and cloned the gRNAs needed to target the REPAIRv2
system to the Adenine to be modified. By site-directed mutagenesis
we introduced a premature stop codon, W1282X, in the CFTR cDNA.
Human Hela cells expressing the H2BGFPopal mRNA, FRT cells ex-
pressing CFTRY'?82X and IB3.1 airway epithelial human cells
(CFTRA508/W12382X) were co-transfected with the plasmids coding
for the recombinant protein dCAS13b/ADAR2pp, and for the gRNAs.
Fluorescence microscopy was used to analyse the editing results.
Results

Direct fluorescence microscopy and immunofluorescence analyses
detecting the corrected proteins (H2BGFP and CFTR, respectively)
suggest that the REPAIRv2 system was able, in different cell lines, to
edit the H2BGFPopal and the CFTRW'22X mRNA. However, the rate
of editing does not seem high. Indeed, when RNA was purified from
transfected cell, retro-transcribed and amplified base correction was
not detectable by standard DNA sequencing and western blot.
Conclusions

Collectively, our results indicate that the REPAIRv2 tool is able to edit
the UGA premature stop codon present in the Hela-H2BGFPopal
cells and in engineered FRT"'22X cells harbouring the UGA PTC in
the CFTR mRNA. Furthermore, the REPAIRv2 tool worked in the IB3.1
cells suggesting its ability to edit endogenous UGA premature stop
codon. Anyway, enhance the delivery of the plasmids as well in-
crease/stabilize the target mRNA to be edited, seem necessary to im-
prove the efficiency of REPAIRv2.
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Background/Rationale

A significant number of mutations (~13%) alter the correct splicing
of the CFTR gene, causing the production of aberrant mRNA tran-
scripts and non-functional protein channels. The 3242-26A>G and
3849+10kbC>T are point mutations that generate altered splicing [1-
4]. The resulting mRNAs contain frameshifts in CFTR, producing a pre-
mature termination codons and consequent expression of a trun-
cated non-functional CFTR protein. With this project we investigated
an efficient genome editing approach to permanently correct this
splicing defect [5].

Hypothesis and Objectives

The development of precise and efficient targeted nucleases has
highly accelerated the progress of gene correction for genetic dis-
eases, including Cystic Fibrosis (CF) [6]. In contrast to classical gene
addition strategies, correction of the mutated CFTR by genome edit-
ing holds the promise to restore physiological levels of CFTR expres-
sion and function. We developed a genome editing strategy to repair
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3272-26A>G and 3849+10kbC>T mutations through the exploitation
of RNA guided nucleases (SpCas9 or AsCas12a) [7-9]. CFTR splicing
models (minigenes) have been studied to design and develop a safe
CRISPR/Cas dedicated approach aimed at restoring the correct CFTR
gene expression. We then adapted the technology to viral vectors
and applied to model organoids derived from patient’s primary cells.
Essential methods

Minigene constructs and cellular models were used to optimize the
genome editing approach. We evaluated two approaches to edit
the mutated by using two gRNAs or a single gRNA in combination
with SpCas9 or AsCas12a. To test the efficacy of the genome edit-
ing method we used a novel Chloride sensor to measure CFTR ac-
tivity. The correction of the splicing defect was genetically and
functionally evaluated in organoids derived from patient compound
heterozygous for the 3272-26A>G and3849+10kbC>T splicing
mutation.

Results

We generated a minigene-constructs to efficiently model the 3272-
26A>G CFTR and 3849+10kbC>T splicing defects. The analyses per-
formed with the minigene models, either transiently or stably trans-
fected in HEK293 cells and Caco-2 cells, in primary airway cells and
in patients derived organoids revealed that the AsCas12a in combin-
ation with a selected guide RNA is ahighly efficient and precise tech-
nique to repair the splicing defects [5].

Conclusions

Our results demonstrate that AsCas12a in combination with a sin-
gle sgRNA efficiently rescue endogenous CFTR function in pa-
tient's intestinal organoids, which are recognised as a highly
valuable preclinical model to predict ex vivo any success of a
therapeutic treatment in human patients [10,11]. Our results pro-
vide an important milestone towards the development of a suc-
cessful gene therapy clinical approach for the treatment of
splicing defects in Cystic Fibrosis.
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Background/Rationale

Cystic Fibrosis (CF) patients with nonsense (ns) mutations in the CFTR
gene have a more severe form of the disease. A potential treatment is
to promote translational readthrough of premature termination codons
(PTCs) by Translational Read- Through-Inducing Drugs (TRIDs) [1].
Hypothesis and objectives

In our previous study, by computational and biological screening
we identified a new small molecule showing high readthrough
activity [2-4]. Our intent was to optimize the lead molecule by
QSAR study and to synthetize a small library of compounds as
suggested by the computational study to evaluate the CFTR ex-
pression and functionality after treatments in CF model systems.
Moreover we aimed to evaluate the activity of new molecules, in
cells expressing a nonsense-CFTR-mRNA (ns CFTR).

Further issues considered are the toxicity of evaluated molecules in
animal model (zebrafish) and mechanism of action of the designed
molecules as TRIDs.

Essential Methods

QSAR carried out on the basis of our previous results (FFC#1/2014),
was performed to achieve the lead optimization and a small library
of analogs has been synthesized in order to be tested. The project
was aimed to assay the CFTR functionality after treatment with
NV2445 molecule and its analogs in cells harboring the most fre-
quent nonsense (ns) mutations of the CFTR gene. FRT cells engi-
neered with a vector expressing nsCFTR were grown in the a system
to reproduce in vitro the epithelial organization. CFTR expression was
evaluated by Real time RT PCR and Western blot analysis. After treat-
ments with NV molecules , the channel functionality was measured
by the EYFP quenching assay and Ussing chamber. Finally, the tox-
icity of two selected molecules was tested in vivo on zebrafish
model.

Results

After virtual screening, we synthesized a small library of analogues of
the NV2445 molecule and tested them by FLuc assay and in different
biological models. These new compounds showed high read-through
capacity and CFTR rescue.
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Moreover we performed in vitro and in vivo toxicity test (Zebrafish)
to assess the safety profile of our molecules.

Conclusions

Identification of molecules displaying readthrough activity. Selection of
a lead compound as therapeutic approach to the second cause of FC.
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LBPA and ABL/S1P. Then we established a consistent pulmonary in-
fection in immunocompetent mice up to 36 days with MA and at dif-
ferent time point mice were treated with the best 3 ABLs (ABL/PA,
ABL/PI3P and ABL/PI5P) selected in in vitro experiments. Results
showed that, despite the absence of effect in granuloma reduction
at parenchymal level, ABLs treatment statistically reduced both lung’s
bacterial burden and inflammatory response.

Conclusions

ABLs could represent a novel immunotherapeutic strategy to treat
pulmonary infection by drug-resistant MA in CF patients.
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Background and rationale

M. abscessus (MA) is an emerging multidrug resistant (MDR) non-
tuberculous mycobacteria (NTM) that affects cystic fibrosis (CF) pa-
tients, and is often associated with a dramatic decline in lung func-
tion [1]. Liposomes carrying bioactive lipids represent a new
pharmacologic approach that are able to enhance bactericidal innate
immunity, against multidrug resistant (MDR) pulmonary infections
[2,3].

Hypothesis and objectives

The main goal of the present study was to evaluate the effect of dif-
ferent apoptotic body-like liposomes (ABLs) on in vitro and in vivo
MA infection. The MA infection in vitro allowed us to investigate the
mechanism of action of ABLs on macrophage phagocytosis
mechanism.

Essential methods

We set up different in vitro infections with MA reference strain (ATCC
19977) on human pro-monocytic THP-1 leukemia cell line (dTHP-1) to
investigate the effect of ABLs on phagocytic mechanism. We vali-
dated the effect of different ABLs (ABL/PA, ABL/PI3P, ABL/PI5P, ABL/
AA, ABL/LBPA and ABL/S1P) in vitro with dTHP-1 cells and in C57BI/6
mice chronically infected with MA. At different time points, mice
lungs, liver and spleen were processed for microbiological analysis.
Inflammatory response and histological analysis were evaluated in
total lungs.

Results

In vitro results showed that ABL/PA, ABL/PI3P and ABL/PI5P were
more effective to increase the phagocytic and the intracellular micro-
bicidal activity of human dTHP1 infected with MA than ABL/AA, ABL/
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Background and rationale

Persistent bacteria, including the Viable But Non-Culturable
(VBNC) forms, are involved in the recurrent and chronic Pseudo-
monas aeruginosa (PA) lung infections affecting Cystic Fibrosis
(CF) patients [1]. VBNC development can be induced by a variety
of stressors [2], such as exposure to toxic compounds (e.g. antibi-
otics) and nutrient depletion, that are typically found in the CF
lung.

Hypothesis and objectives. We have previously demonstrated the
involvement of tobramycin (T) in the abundance and stability of
VBNC PA forms in in vitro biofilms starved for 5 months. This year we
set out to gain further insights into i) the role of T and of different T
resistance mechanisms and ii) the involvement of additional stressors
found in the CF lung in the abundance of VBNC cells in PA biofilms.
Essential methods

Three PA strains characterized by different T resistance mechanisms
- two clinical CF strains (PA C30, showing mexXY-based low-level re-
sistance and PA AR86, showing ant(2”)-la-based high-level resistance)
and the PAO1 reference strain — were used in the study. We exposed
48h in vitro biofilms to different stress conditions: maintenance in NN
broth (NN); high salt concentrations; catabolite accumulation; each
unsupplemented or supplemented with subinhibitory T concentra-
tions. Biofilms were tested for 5 months (PA30 and PA AR86) or 7
days (PAO1) for VBNC cell content using culture methods, gPCR [3]
and flow cytometry after live/dead staining.

Results

After 5-month exposure to NN+T, VBNC abundance was greater in
PA C30 (95% of all live cells) than in PA AR86 biofilms (50%), which
indicates that there were 50% culturable persisters in the latter
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biofilms. NN exposure induced similar effects on biofilms of both
strains (90% of VBNC cells). The PAO1 biofilms, tested after 7-day ex-
posure, showed a greater VBNC abundance in response to high salt
concentrations (90%) and catabolite accumulation (99%) than to NN
(only culturable PA cells).

Conclusions

These findings demonstrate: i) a variable and strain-specific effect of
T in inducing the VBNC phenotype after long-term exposure; ii) its in-
volvement in the development of VBNC or persistent culturable
forms in presence of typical CF-related stress conditions; and iii) the
need for a culture-independent microbiological diagnosis to properly
monitor PA colonization of CF lung.
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Background and rationale

The gastrointestinal system is among the earliest organs affected in
cystic fibrosis (CF) (1, 2). Gut manifestations includes, among all,
mucus accumulation, recurrent infections and chronic inflammation.
The aim of this project is centered around the effects on CF of thy-
mosin alphal (Tal), a naturally occurring polypeptide used world-
wide as an immunomodulatory with an excellent safety profile (3). By
acting on autophagy and cellular proteostasis, Tal displayed multiple
combined properties that may oppose CF symptomatology in the
lung: reduce inflammation and, possibly, improve CFTR function (4).
We previously demonstrated that Tal in the lung reduces inflamma-
tion by activating the tolerogenic pathway of tryptophan catabolism
via the immunoregulatory enzyme indoleamine 2,3-dioxygenase
(IDO1) (4).

Hypothesis and objectives

The present project aimed at extending our previous results obtained
in the lung to the intestine and pancreas, to provide a more
complete picture of the multiple effects of Tal in CF. The hypothesis
was that Tal may regulate inflammation and autophagy via IDO1 in
the intestinal tract in CF. The objectives of the project have been the
evaluation of the ability of Tal to regulate inflammation and anti-
microbial resistance in the gut, as well as pancreas functionality in
CF, and to restore the IDO1-autophagy pathway in these tissues.
Essential methods

The effect of both Tal and the pharmaceutical formulation ZADAXIN
were evaluated in different murine experimental models:
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1. Model of high fat diet-induced intestinal inflammation, disbio-
sis and pancreatic dysfunction, to define the efficacy of Tal in
a model of “leaky gut”

2. Model of gastrointestinal infection with C. albicans in Cftr%5%!
mice and Ido1”" mice, to evaluate the effect of Ta1 and
ZADAXIN in an inflamed gut, and its dependency on IDO1
activation

Results

The results of our project have indicated that Tal, as well as
ZADAXIN, is able to ameliorate inflammation and promote barrier
function in the gut of Cftr*% and this effect appears to be IDO1-
dependent.

Conclusions

Studies are underway to better define the activity of Tal in vivo, its
mechanism of action, and to provide further evidence supporting its
ability to modulate CFTR function. These studies will provide the
foundation for repurposing a drug approved for other indications for
the treatment of CF.
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Background and rational

High-mobility group box 1 protein is a Damage-associated mo-
lecular pattern (DAMP) protein that promotes and sustains inflam-
mation. It is elevated in CF sputum and was reported as CF
biomarker. Monoclonal antibodies (mAb) blocking HMGB1 signifi-
cantly protect against P. aeruginosa infection, neutrophil recruit-
ment and lung injury [1]. However, mAb treatment is expensive
and infeasible. We recently identified a small molecule, pamoic
acid (PAM), that efficiently inhibits HMGB1 activity in cellular
models. Furthermore, it is known that PAM cannot cross lipid
membranes, so that it might be particularly suitable for direct
aerosol delivery in the lung.

Hypothesis and objectives

The objective of this project was proving that aerosol delivery of
PAM can ameliorate neutrophilic inflammation and lung damage in
C57 mice infected with P. aeruginosa.

Essential methods

PAM was tested in preclinical murine models of acute [2,3] and
chronic [4,5] P. aeruginosa respiratory infection. Specifically, we
performed:
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—

Toxicity experiments to explore the range of doses to be used;

PAM efficacy experiments in acute respiratory infection;

3. PAM identification and quantification by spectroscopic
techniques;

4. PAM efficacy experiments in chronic respiratory infection.

g

Results

PAM does not have acute toxicity when delivered by aerosol at
concentrations <3 mM. PAM at 3 mM concentration shows signifi-
cant efficacy in reducing inflammatory cells in the bronco-
alveolar lavage in an acute model of Pseudomonas infection, and
may be effective in a chronic model even in a lower concentra-
tion range.

Of note, we focused on the chemical properties of PAM, which sug-
gested an advantage in direct lung delivery via aerosol, to avoid sys-
temic adsorption. However, we cannot exclude that formulations
that allow systemic diffusion might be more effective than aerosol.
PAM might be prematurely cleared; in fact, we still do not know the
local (tissue and BAL) concentration of PAM, which is relevant to in-
terpret the efficacy.

Conclusions

Up to date PAM is the first drug candidate to display efficacy against
inflammation in a mouse model of chronic respiratory infection that
reproduces CF lung disease [4]. Further investigation is needed, but
we consider the present results as positive and promising.
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Background and rationale
Despite exciting developments, CFTR restoration for all CF people is
challenging and may not be sufficiently efficacious in patients with
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irreversible lung damage. As inflammation contributes to lung dam-
age, research is aimed at finding new anti-inflammatory drugs, to re-
place corticosteroids or ibuprofen, which possess many well-known
and important side effects in addition to the great predicted benefits
[1]. Thanks to previous FFC grants we described two promising mole-
cules: beta-sitosterol (BSS) [2] and miglustat [3] that have been
widely tested for efficacy and safety in clinical pharmacology, thus
stimulating us to a repurposing strategy toward CF lung
inflammation.

Hypothesis and objectives

BSS has anti-inflammatory activity in CF bronchial cells and L en-
antiomer of miglustat produces an anti-inflammatory effect in mice
acutely infected by P.aeruginosa without increasing the bacterial load
or inducing toxicity [4]. Importantly L-miglustat does not inhibit
alpha-glucosidase [5] thus excluding the undesired side effects on in-
testinal absorption and diarrhea observed with D-enantiomer of
miglustat.

This pilot project analysed BSS and L miglustat in relevant murine
models of lung infection.

Essential methods

BSS is commercially available whereas L-miglustat was synthe-
sized and purified by A. Guaragna (Department of Chemical Sci-
ences, University of Napoli Federico II- Napoli, Italy). BSS and L-
miglustat were evaluated in relevant models of airway infection
for their effect in reducing the inflammatory response to P.aeru-
ginosa. Wild type mice were treated with BSS or L- miglustat by
gavage before infection with P.geruginosa and their effect on
inflammatory response was tested in terms of: i) safety; ii)
evaluation of lung inflammation; iii) ability of mice to clear
bacteria.

Results

We found a dose dependent reduction of bacteria recovered in
broncholavage (BAL) and lungs of mice infected by P.aeruginosa,
after treatment with BSS. A decrease of neutrophils and increase of
alveolar macrophages recruited in BAL accompanied by an overall
improvement of health parameters in BSS treated mice were also
found. Surprisingly, L-miglustat showed anti-infective activity in
chronically infected mice, reduced neutrophils and increased bacter-
ial clearance.

Conclusions

Results from our pre-clinical investigation in relevant models of air-
way infection could provide a proof of concept for planning clinical
trials. BSS has been already tested in clinical trials as adjuvant to sta-
tins in dyslipidemia. It could be repositioned as anti- inflammatory
drug for CF lung disease. L-miglustat could obtain an orphan drug
designation as anti-inflammatory/anti-infective agent against chronic
P. aeruginosa infections.
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Background and rationale

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) [1]. Nevertheless, the
unsuccessful history of inhaled siRNA points out the urgent need of
an appropriate formulation strategy to move them from the labora-
tory to the bedside [2].

Hypothesis and objectives

The generation of breakthrough technologies and their translation
into new pharmaceutical products is crucial for CF treatment. During
previous FFC#23/2017 project, the most adequate formulation condi-
tions to produce inhalable hybrid nanoparticles (hNPs) made up of a
combination of lipids and polymers for siRNA delivery were identi-
fied. The developed hNPs displayed optimal aerosolization proper-
ties, were stable in simulated mucus and efficiently entrapped a
siRNA pool against one of the most critical signals in evoking the in-
flammatory response in CF, the nuclear factor-kB (NF-kB). The aim of
the present project is to go in depth into the in vitro/in vivo thera-
peutic potential of optimised hNPs.

Essential methods

hNPs delivering a siRNA pool against NF-kB were prepared from bio-
degradable polymers and biocompatible phospholipids [3]. The be-
haviour of hNPs upon contact with simulated mucus and human
sputum from CF was evaluated through a combination of techniques.
Uptake and efficacy of siRNA-loaded hNPs were evaluated in differ-
ent human airway cell culture models, providing a tool to optimise
hNP properties for in vivo pulmonary delivery. In vivo studies were
performed in rats challenged intratracheally with LPS from E. Coli to
induce pulmonary inflammation.

Results

In vitro studies demonstrated that the developed siRNA-loaded hNPs
may penetrate lung extracellular barriers, as CF mucus, allowing a
significantly higher uptake in human bronchial epithelial cells as
compared to both free siRNA and siRNA/lipofectamine complexes. As
a result, significant NF-kB downregulation up to 72 h was observed
in human bronchial epithelial cells treated with optimised siRNA-
loaded hNPs. Finally, preliminary efficacy studies upon intratracheal
administration in LPS-challenged rats highlighted the potential of the
developed siRNA-loaded to downregulate NF-kB also in vivo.
Conclusions

The correct operating conditions to produce nanoparticles for pro-
longed release of siRNA in CF lung have been identified. Optimized
nanoparticles can move to further in vivo preclinical studies, which
are essential to translate the technology under development from
labs to the clinics. The development of a siRNA delivery system
already engineered for in vivo inhalation and transfection might
shorten the time to translation to patients, providing a therapeutic
platform to address multiple targets that are still considered “undrug-
gable” in CF.
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Background and rationale

Most of the problems of patients affected by cystic fibrosis (CF)
are due to the defective mucociliary cleareance caused by a very
thick mucus. We demonstrated that the viscoelastic properties of
CF mucus improve with the direct application of lumacaftor.
Thus, we hypothesised that the rescue of the F508del-CFTR func-
tion by lumacaftor could increase the bicarbonate secretion, re-
covering the correct airway surface liquid (ASL) and pH
homeostasis. According to our hypothesis, a direct treatment of
airways with bicarbonate, determining an increase of the ASL pH,
would result beneficial in the viscoelastic properties of the
mucus.

Hypothesis and objectives

The aims of the project were: 1) to investigate whether the bicarbon-
ate treatment modify the water reabsortion in the ASL; 2) to verify
the role of the bicarbonate direct treatment on the pH of the ASL; 3)
to study the role of the airway bicarbonate on the viscoelastic prop-
erties of the ASL mucus to examine whether the mutant CFTR rescue
by lumacaftor is correlated with the bicarbonate transport and pH
modifications in the ASL.

Essential methods

We used primary bronchial cells monolayers from normal subjects
and CF patients as epithelial models. Bicarbonate was directly ap-
plied to the apical surface of the monolayers. After 48 hours, water
reabsorption, pH and mucus microviscosity, measured by the dis-
placement of fluorescent nanobeads, characterises the properties of
the ASL.

Results

Our results clearly indicate that the treatment with bicarbonate
determines increase of ASL and pH, and significantly reduces the
mucus viscosity in treated CF epithelia. Data obtained in this
work will be useful for the design strategies for CF treatment pa-
tients using inhaled bicarbonate, and improve the protocols that
are been used in a clinical trial. Noteworthy, bicarbonate might
represent a mutation-independent and low cost therapy to clear
out the mucus that accumulates in the airways, reducing the risk
of infections, and improve lung function.
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Background and rationale P. aeruginosa secreted proteases interfere
with key host immune processes and degrade lung tissue [1]. Thus,
molecules interfering with bacterial proteases might limit host in-
flammatory response and lung damage. Modern in vivo imaging
tools can allow to assess the anti-inflammatory effects of these mole-
cules in vivo.

Hypothesis and objectives We aimed at setting-up a convenient,
non-invasive, in vivo imaging model to monitor lung inflammation in
CF mice with P. aeruginosa acute lung infection, and to evaluate the
possible anti-inflammatory effects of molecules interfering with pro-
teases, such as protease inhibitors Marimastat and llomastat.
Essential methods P. aeruginosa acute lung infection was estab-
lished by intratracheal instillation in wildtype (WT) and CFTR-
knockout (KO) C57BL/6 transgenic mice expressing the luciferase
gene under control of bovine IL-8 promoter [2]. Transgenic mice
were treated with protease inhibitors Marimastat and llomastat, and
lung inflammation was monitored by in vivo bioluminescence im-
aging. In vitro, effects of protease inhibitors on P. aeruginosa growth
and viability were evaluated.

Results Acute lung infection with P. aeruginosa PAO1 strain was
established in both WT and KO mice. The infection induced IL-8-
dependent bioluminescence emission indicating lung inflammation,
along with low mortality of the animals in the first 48 hours. In in-
fected mice with ongoing inflammation, intratracheal treatment with
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150uM Marimastat and llomastat reduced the bioluminescence signal
in comparison to untreated, infected animals. Bacterial load in the
lungs was not affected by the treatment, while in vitro the same
dose of llomastat and Marimastat did not affect P. aeruginosa growth
and viability. No adverse effects due to treatment with protease in-
hibitors were observed in mice.

Conclusions Our results show that protease inhibition elicits benefi-
cial effects in mice by reducing the lung inflammation caused by P.
aeruginosa infection. Thus, llomastat and Marimastat might be po-
tential candidate molecules for the treatment of patients with P. aer-
uginosa infection, encouraging further studies on protease inhibitors
and their possible application in cystic fibrosis. Particularly, inhalable
formulations [3] could be a preferential therapy for CF patients,
allowing local airways treatment.
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