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A B S T R A C T

The latest studies identified the histone deacetylase (HDAC) class of enzymes as strategic components of the com-
plex molecular machinery underlying inflammation in cystic fibrosis (CF). Compelling new support has been pro-
vided for HDAC6 isoform as a key player in the generation of the dysregulated proinflammatory phenotype in CF,
as well as in the immune response to the persistent bacterial infection accompanying CF patients. We herein pro-
vide in vivo proof-of-concept (PoC) of the efficacy of selective HDAC6 inhibition in contrasting the pro-
inflammatory phenotype in a mouse model of chronic P. aeruginosa respiratory infection. Upon careful selection
and in-house re-profiling (in vitro and cell-based assessment of acetylated tubulin level through Western blot
analysis) of three potent and selective HDAC6 inhibitors as putative candidates for the PoC, we engaged the best
performing compound 2 for pre-clinical studies. Compound 2 demonstrated no toxicity and robust anti-
inflammatory profile in a mouse model of chronic P. aeruginosa respiratory infection upon repeated aerosol ad-
ministration. A significant reduction of leukocyte recruitment in the airways, in particular neutrophils, was ob-
served in compound 2-treated mice in comparison with the vehicle; moreover, quantitative immunoassays con-
firmed a significant reduction of chemokines and cytokines in lung homogenate. This effect was also associated
with a modest reduced bacterial load after compound 2-treatment in mice compared to the vehicle. Our study is
of particular significance since it demonstrates for the first time the utility of selective drug-like HDAC6 in-
hibitors in a relevant in vivo model of chronic P. aeruginosa infection, thus supporting their potential application
for reverting CF phenotype.

1. Introduction

Cystic fibrosis (CF) patients harbor mutations of the cystic fibrosis
transmembrane conductance regulator (CFTR) gene coding for a cyclic
AMP-regulated chloride ion channel accounting for the faulty transport

of the chloride ion across the surface of epithelial cells (Bye et al.,
1994). This, in turn causes, defective defence mechanisms against mi-
croorganisms, prompting severe airway infections in CF patients
(Boucher, 2004). CF-associated infection of the respiratory tract fea-
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tures the coexistence of multiple bacterial species, thus further compli-
cating the selection of an effective antibiotic treatment.

Members of the multidrug-resistant “ESKAPE” pathogens group
such as Pseudomonas aeruginosa and Staphylococcus aureus (including
methicillin resistant S. aureus [MRSA]), are most frequently isolated
from the sputum of patients with CF. A plethora of virulence factors
produced by P. aeruginosa can play a pivotal role in the establishment of
chronic infections and inflammation in CF patients (Zobell et al., 2012).
Therefore, molecules able to restore an efficient immune response are
of great interest in the treatment of polymicrobial infections in CF.

The initial stage of CF-related lung disease is mainly characterized
by prolonged airway inflammation, mucus hypersecretion and oxida-
tive stress (Bodas et al., 2018; Vij et al., 2009; Wagner et al., 2016).
Evolution to chronic disease stage entails recurrent infection with P.
aeruginosa and permanent pulmonary impairment, thus triggering the
collapse of respiratory function (Castellani and Assael, 2017). Chronic
inflammation in CF is mainly associated with NFκB mediated proin-
flammatory signaling and neutrophil chemotaxis (Bodas et al., 2018;
Wagner et al., 2016). Beyond neutrophils, other innate and adaptive
immune cells are associated with increased levels of pro-inflammatory
cytokines and chemokines, thus promoting CF-lung disease (Nichols
and Chmiel, 2015). Since CFTR-targeted therapies showed swinging ef-
ficacy in reducing inflammation in CF airways, a complementary safe
and effective anti-inflammatory treatment to be administered in con-
junction with CFTR correctors and potentiators would represent an un-
valuable benefit for CF patients. Additionally, CF patients featuring
CFTR mutations not responsive to available modulators, would at least
benefit from innovative therapeutic options re-establishing inflamma-
tory regulation.

The latest studies identified the histone deacetylase (HDAC) class of
enzymes as strategic components of the complex molecular machinery
underlying inflammation in CF. In particular, compelling new support
has been provided for HDAC6 isoform as a key player in the generation
of the dysregulated proinflammatory and fibrotic phenotype in CF
(Brindisi et al., 2020; Rymut et al., 2013, 2017; Bodas et al., 2018;
Rosenjack et al., 2019; Shan et al., 2008). HDAC6 has also been shown
to play a pivotal role in bacterial clearance or killing, directly ascrib-
able to its ability in modulating CF immune responses (Rosenjack et al.,
2019). Inhibiting HDAC6 functions may represent a novel and effective
strategy for tackling multiple aspects of CF-associated lung disease. Se-
lective HDAC6 inhibition should also avoid the common toxicities re-
lated to the currently available unselective HDAC inhibitors (Lee et al.,
2015; Brindisi et al., 2018; Zhang et al., 2021).

In this study, we have set up an appropriate screening funnel of se-
lective HDAC6 inhibitors and provided the first in vivo proof-of-concept
(PoC) of the efficacy of selective HDAC6 inhibition in contrasting the
pro-inflammatory phenotype in a mouse model P. aeruginosa respira-
tory infection. First, we embarked a careful compound selection by per-
forming a thorough analysis of scientific literature and relevant patents
in the field to match the product profile. Three short-listed candidates
displaying high HDAC6 inhibitory potency and relevant selectivity pro-
file over other HDAC isoforms were selected as the reference com-
pounds to be putative candidates for the PoC study, taking into account
also the physicochemical properties, available information on DMPK
profile and synthetic feasibility. The compounds were synthesized first
in small scale to assess in-house their potency and selectivity in the en-
zymatic assays and in the cell-based assays (A549 and HeLa cells) to as-
sess the ability to selectively increase acetyl-tubulin levels compared to
acetyl-histone levels as markers of selectivity for the cytoplasmic form
of HDAC6 and nuclear isoforms, and also the cytotoxicity. The delivery
method was chosen to be aerosol to maximize the exposure in the lung
and hopefully reduce systemic circulation and potentially the toxicity,
this method resembles the human administration for the CF patients,
for this reason, the compound solubility in the vehicle was one of the
selection criteria. Based on the comparison of the compounds overall

profile, compound 2 was selected as the best candidate to be further ad-
vanced in the in vivo assessment on acute and chronic mouse models of
P. aeruginosa infection. Indeed, compound 2 demonstrated no toxicity
and robust anti-inflammatory profile in a mouse model of P. aeruginosa
infection upon aerosol administration. In conclusion, compound 2
proved to be the first agent safe and efficacious in an in vivo efficacy
PoC study for the selective HDAC6 inhibitor in the mouse model P.
aeruginosa respiratory infection that recapitulates the bacterial infec-
tion in CF.

2. Materials and methods

2.1. Toxicity and efficacy of compound 2 in mouse model of P. aeruginosa
acute and chronic lung infection

Toxicity evaluation of different doses of compound 2 was tested in
C57BL/6NCrl male mice (Charles River), 8–10 weeks old. Mice were
maintained under specific pathogen-free conditions in sterile cages in a
ventilated isolator. Compound 2 (5, 10 and 20 mg/kg) or vehicle
(PBS + DMSO 4%) were administered aerosol by Penn Century 18h be-
fore and 5 min after PBS inoculation. Before each treatment and, 6 h
and 24 h post PBS inoculation, mice were weighted and their body tem-
perature measured, in order to evaluate general health status. Mice
were sacrificed 24 h after second treatment.

To evaluate the efficacy of compound 2, C57BL6/NCrl male mice
(8–10 weeks old) (Charles River) were anesthetized by an intraperi-
toneal (i.p.) injection of 2.5% Avertin (2,2,2-tribromoethanol,
0.015 ml/g body weight) and infected by intratracheal (i.t.) injection of
planktonic 1 × 106 P. aeruginosa PAO1 reference strain for acute infec-
tion or 4–5x105 P. aeruginosa MDR-RP73 clinical strain embedded in
agar beads for chronic infection. In acute infection, mice were treated
with compound 2 18 h before infection and 5 min after the infection,
by aerosol administration using Penn Century MicroSprayer®
Aerosoliser device with different doses (5, 10 and 20 mg/kg or
PBS + 4% DMSO as vehicle). In the chronic infection model, the treat-
ment started 5 min after the infection with repeated daily doses for 3 or
7 days. Health status and change in body weight were monitored daily.
After 6 h from acute infection or 3 and 7 days from the chronic infec-
tion, mice were monitored for lung colony-forming units (CFUs) and
cell counts in the bronchoalveolar lavage fluid (BALF) as described pre-
viously (Facchini et al., 2014; Kukavica-Ibrulj et al., 2014).

Blood was collected from the retro-orbital sinus by penetrating ster-
ile hematocrit capillary tube into EDTA-treated tubes. Cells were re-
moved from plasma by centrifugation 10000 rpm 5 min at room tem-
perature. Plasma was stored at −80 °C. Cytokine/chemokine levels
were measured in the supernatant of lung homogenates by Bioplex As-
say (Bio-Rad Laboratories, Segrate, Italy).

2.2. Histone deacetylase 6 (HDAC6) inhibitors

2.2.1. Chemical synthesis
For the synthesis of novel HDAC6 inhibitors, starting materials were

purchased from commercial suppliers and used without further purifi-
cation. TLC analysis was conducted using aluminum foil supported
thin-layer silica gel chromatography plates (F254 indicator). Column
chromatography was performed using 230–400 mesh, 60 Å pore diame-
ter silica gel. For 1H NMR and 13C NMR measurements an accurately
weighed amount of analyte (about 5.0–10.0 mg) was dissolved in
600 μL of deuterated chloroform (CDCl3) or dimethyl sulfoxide
(DMSO‑d6). The mixture was transferred into a 5 mm NMR tube and the
spectra were acquired on a Bruker Advance 400 MHz or 700 MHz spec-
trometers by using the residual signal of the deuterated solvent as inter-
nal standard. Splitting patterns are described as singlet (s), doublet (d),
triplet (t), quartet (q) and broad (br); the values of chemical shifts (δ)
are given in ppm and coupling constants (J) in Hertz (Hz). NMR data
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were processed with MestreNova (Version 8.1.1, Mestrelab Research).
ESI-MS spectra analysis was carried out on a mass spectrometer LTQ-
XL. HPLC was performed with a Waters Model 510 pump equipped with
Waters Rheodyne injector and a differential refractometer, model 401.
Luna 5 μm PFP (2) 100A HPLC Column 250 × 10 mm was employed.
The purity of compounds was estimated to be greater than 95% by
HPLC analysis. Optical rotation values were measured at room temper-
ature operating at λ = 589 nm, corresponding to the sodium D line,
and were determined in a Jasco P-200 (Jasco Europe s.r.l., Cremella,
Italy) polarimeter using a microcell (1 mg sensitivity) containing the
compound dissolved in 1 mL of chloroform.

The chemical synthesis and characterization of compounds 1–3 is
described in the Supplementary Information.

2.2.2. Solubility determination
Each compound was dissolved in dimethyl sulfoxide (DMSO) at a

concentration of 10 mM. Then, 10 μL of the obtained solution was di-
luted either in 490 μL of PBS pH 7.4 or MeOH and maintained under ag-
itation at 250 rpm for 24 h at room temperature. Tubes were subse-
quently centrifuged for 5 min at 4000 rpm and 10 μL of each sample
were further diluted in 490 μL of MeOH and analyzed by LC−MS/MS.
The ratio of mass signal area obtained in PBS and in organic solvent was
then calculated and used to determine the solubility of each compound.

2.2.3. Enzymatic assays
Protocol 1: Synthesized HDAC6 selective inhibitors were character-

ized through Fluorogenic HDAC6 Assay Kit. The kit was purchased from
BPS Bioscience (San Diego, CA). The assays were carried out in black
NUNC 96-well plates according to the supplier's instructions. Briefly:
candidate HDCA6 inhibitors were dissolved at various concentrations
(0.005, 0.01, 0.05, 0.1, 0.5, 1, 2.5, and 5 μM) in HDAC assay buffer
(BPS Bioscience, Catalog #: 50031), containing HDAC 1 or 6 enzymes
(HDAC-1: 0.033 mg/ml, BPS Bioscience, Catalog #: 50051 and HDAC-6
0.025 mg/mL, BPS Bioscience, Catalog #: 50006), BSA (1 mg/mL,
Sigma-Aldrich), and HDAC substrate 3 (200 μM, BPS Bioscience, Cata-
log #: 50037). SAHA (0.5 μM, Merck) was used as inhibitor control.
The enzymatic reaction was then incubated at 37 °C for 30 min. Subse-
quently, HDAC assay developer (50 μL, BPS Bioscience, Catalog #:
50030) was added to the reaction and incubated at room temperature
for 15 min. The fluorescence was recorded at excitation and emission
wavelengths of 360 and 460 nm, respectively. The positive controls
(Fp) and enzyme-free controls (Fb) were defined as 100% and 0% of
HDAC activity, respectively. The percent activity of each compound
was calculated as (F - Fb)/(Fp - Fb), where F is the value of fluorescence
intensity at the indicated concentration of the compound. Prism
(GraphPad Software, La Jolla, CA) software was used to calculate IC50.

Protocol 2: The enzyme, either HDAC1 (His-FLAG-tagged # 50051,
BPS Biosciences, San Diego, CA, USA) or HDAC6 (GST-tagged, #50006,
BPS Biosciences, San Diego, CA, USA) was incubated for 30 or 60 min,
respectively, at 30 °C in assay buffer (25 mM TrisCl pH 8.0, 130 mM
NaCl, 0,05% Tween20, 10% Glycerol, 1 mg/mL of BSA and 2.7 mM KCl
in the case of HDAC6) in the presence of different concentrations of
HDAC inhibitors. Then FLUOR DE LYS®-Green substrate (BML-KI572-
0050, Enzo Biochem, New York, NY, USA) was added to a final concen-
tration of 150 or 15 μM respectively and incubated for 30 or 60 min re-
spectively at 30 °C. The reaction was stopped using the developer solu-
tion (2X), containing 2 μM of TSA, a dilution 1:200 of FLUOR DE LYS®
developer I concentrate (BML-KI105-0300, Enzo Biochem, New York,
NY, USA) diluted in development buffer (50 mM TrisCl pH 8.0,
137 mM NaCl, 2,7 mM KCl and 1 mM MgCl2). Fluorescence was mea-
sured using VICTOR Nivo Multimode Microplate Reader, using excita-
tion filter 480/30 nm and emission filter 530/30 nm. After subtraction
of background fluorescence (enzyme-free samples), the percentage of
activity of each concentration point was calculated vs positive controls

(inhibitor-free samples). Cell viability was analyzed with GraphPad
software applying a curve fitting nonlinear regression model.

2.3. Cell treatments

For the viability assay, HeLa cells were seeded into 96-well plate at
2000 cells/well in triplicate. The day after compounds were added to
the wells in complete culture medium in serial dilutions from 900 nM to
0,14 nM and incubated at 37 °C. Three days later, the number of viable
cells was evaluated using the CellTiter-Glo® Luminescent Cell Viability
Assay (Promega). Luminescence values were measured using Victor
Nivo 3F multiplate reader (PerkinElmer). Cell viability was analyzed
with GraphPad software applying a curve fitting nonlinear regression
model.

For the analysis of cellular substrate acetylation induced by treat-
ment with compounds, 100.000 HeLa cells per well were seeded in 6-
well plates one day before treatments. The day after, three serial dilu-
tions of each compound were added to cells and incubated for 16 h at
37 °C. At the end of treatment cells were rinsed in PBS and lysed in 1%
SDS in PBS for Western blot analysis of acetylated proteins.

A549 cell line (DMSZ) was cultured in Dulbecco's modified Eagle's
medium (DMEM) (Euroclone, Italy) supplemented with 10% fetal
bovine serum (FBS) (Sigma-Aldrich, Italy), 2 mM L-glutamine (Euro-
clone), and antibiotics (100 U/mL penicillin, 100 μg/mL streptomycin,
and 250 ng mL−1 amphotericin-B; from Euroclone). Cells were treated
with compounds for 24 h at 0.25, 1 and 10 μM. HeLa cells (ATCC) were
grown in Dulbecco's modified Eagle's medium (DMEM) supplemented
with 10% fetal bovine serum (FBS), 2 mM L-Glutamine and antibiotics
(100 U/mL penicillin, 100 μg/mL streptomycin), all reagents by Euro-
clone.

1.5 × 106 cells were plated and after 24 h stimulated with candi-
date compounds at a concentration of 0.25, 1 and 10 μM.

2.4. Western blot analysis

A549 cells were lysed in RIPA buffer (1% Triton X-100, 0.1% SDS,
150 mM NaCl, 1 mM EDTA pH 8, 10 mM Tris-HCl pH 8) containing 1%
protease inhibitor cocktail (Roche). Cell extract was sonicated for 5 min
(30 s ON and 30 s OFF) and centrifuged for 15 min at 4 °C, the super-
natant was then diluted 1:1 in sample buffer 2X Laemmli (0.217 M Tris-
HCl pH 8.0, 52.17% SDS, 17.4% glycerol, 0.026% bromo-phenol blue,
8.7% beta-mercapto-ethanol) and subsequently boiled for 3 min; 15 μg
of protein extract was subjected to SDS-polyacrylamide gel elec-
trophoresis, then blotted on PVC membrane (Bio-Rad, USA) and incu-
bated overnight with appropriate antibodies. Protein expression was
detected by ECL Chemiluminescence method (Bio-Rad). Bands intensity
was quantified by Image J analysis. Antibodies used for WB: anti-acetyl
α-tubulin (cell signaling cat num #3971); anti-GADPH (Elabscience cat
num #20059); anti-H4 (Elabscience cat num #65815) anti H3K9,14ac
(diagenode cat num #15410005).

Total HeLa cell extracts were prepared with 1% SDS in PBS and
quantified, then 5 μg per sample were analyzed by SDS-PAGE and West-
ern Blot. After blocking with 5% non-fat milk, primary antibodies (anti-
Acetyl-H3; anti-GAPDH; anti-Acetyl-alpha-Tubulin; Merck Millipore)
were incubated overnight at 4 °C. HRP-conjugated secondary antibod-
ies were incubated 40 min at room temperature and developed using a
SuperSignal™ West Dura Extended Duration Substrate kit (Ther-
mofisher Scientific). Chemiluminescence was revealed by means of a
ChemiDoc Imaging System (Bio-Rad).

For Histone extraction: 5 × 106 cells were collected and washed
two times with PBS and lysed in Tritonextraction buffer (TEB: PBS,
0.5% Triton X 100 (v/v), 2 mM PMSF, 0.02% (w/v) NaN3) for 10 min
on ice, with gentle shaking and then centrifuged (2000 rpm at 4 °C for
10 min). Next, the supernatant was removed, and the pellet was
washed in TEB and centrifuged as before. The pellet was resuspended in
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0.2 N HCl and rotated overnight at 4 °C. The following day, the samples
were then centrifuged at 2000 rpm for 10 min at 4 °C and the super-
natant was collected.

2.5. Experimental mouse plasma determination of compound 2

2.5.1. Chemicals and reagents
Methanol, acetonitrile, and other organic solvents were of chro-

matography grade from Sigma-Aldrich (Milano, Italy), water was puri-
fied using a milliQ system from Millipore (Billerica, MA, USA) and LC-
MS grade formic acid was obtained from Fluka (Milano, Italy).

2.5.2. Stock solutions preparation
Compound 2 stock solution was prepared in DMSO at 1 mg/mL and

stored at −20 °C. The stock solution was further diluted to obtain a
working solution at 20 μg mL−1. The modafienz drug was used as inter-
nal standard. Internal Standard Working Solutions (IS-WS) was pre-
pared by adding appropriate volumes of the stock solution to 30 mL of
0.1% formic acid in methanol:acetonitrile (50:50, v/v), in order to
reach a final concentration of 25 ng mL−1. The solution was maintained
at −20 °C.

2.5.3. Sample preparation
40 μL of rat plasma were mixed with 140 μL of IS-WS and 20 μL of

0.1% formic acid in methanol:acetonitrile (50:50, v/v). The mixture
was vortex mixed for 1 min and centrifuged at 12,500 g for 10 min at
4 °C. The supernatant was collected and 8 μL were injected into the
LC–MS/MS system.

2.5.4. LC-MS/MS analysis
Analysis was performed by liquid chromatography tandem mass

spectrometry (LC–MS/MS). The HPLC equipment consists of an Exion
LC AD System from AB Scienx (Toronto, ON, Canada). A 6500 QTRAP
mass spectrometer from AB-Sciex (Toronto, ON, Canada) was used for
detection. The analytes were analyzed using a Chromolith column
(100 mm × 4.6 mm ID) from Merck KGaA. The mobile phases were (A)
MeOH:AcN 50:50 and (B) water, both containing 0.05% formic acid, at
a flow rate of 0.8 mL min−1 and were entirely transferred into the mass
spectrometer source. The gradient elution was as follows: increase of
the organic phase from 10 to 50% in 1.8 min, then to 100% in the fol-
lowing 0.4 min. Finally, after 1.3 min of 100% A the column was led to
the original conditions in 2 min to enable equilibration of the column.
Both the analyte and the IS were detected in negative ionization with a
capillary voltage of −4500 V, nebulizer gas (air) at 50 psi, turbo gas (ni-
trogen) at 80 psi and 525 °C. The other ion source parameters were set
as follows: curtain gas (CUR) 40 psi; collision gas (CAD) low; decluster-
ing potential (DP) −115 V, entrance potential (EP) −11 V.

Instrument conditions optimization was performed by direct infu-
sion and manual tuning. Data collection and elaboration were per-
formed by means of Analyst 1.7 software (AB- Sciex). The quantitative
data were acquired using Multi Reaction Monitoring (MRM) mode. Two
MRM transitions (precursor ion > fragment ion) were selected for the
analytes. For compound 2 transitions were m/z 298.1.>58.0 and
298.1 > 118.0, collision energy (CE) was set at −59 and −32 eV while
collision cell exit potential (CXP) was at −24 and −15 V for the two
transitions, respectively. For modafiendz the transitions were m/z
322.1.>272.1 and 322.1 > 203.0, collision energy (CE) was set at −12
and −16 eV while collision cell exit potential (CXP) was at −28 and
−15 V for the two transitions, respectively.

2.5.5. Method validation
The analytical method was validated according to FDA guidelines

for bioanalytical method validation. Linearity, specificity, precision, ac-
curacy, limits of detection (LODs) and lower limits of quantification
(LLOQs) were evaluated. Calibration standard solutions were prepared

in blank plasma by spiking 20 μL of a standard mixture at appropriate
concentration to 40 μL of plasma and by adding 140 μL of
methanol:acetonitrile (50:50, v/v). Calibrators were then treated simi-
larly to the animal samples. The calibration range was 10–750 ng mL−1

and the calibrators were prepared at nine level of concentration. Preci-
sion, recovery and accuracy were evaluated at three level of concentra-
tions (25, 100, 750 ng mL−1) and resulted within the acceptable limits.

The limit of detection (LOD) was defined as the lowest concentra-
tion with a signal-to-noise (S/N) ratio greater than 3. The limit of quan-
tification (LOQ) was defined as the concentration at which both preci-
sion (RSD %) and accuracy were less than 20%. LOQ resulted to be
10 ng mL−1 while LOD was 2 ng mL−1.

2.6. Statistical analysis

Statistical analyses were performed with GraphPad Prism (Graph-
Pad Software, Inc., San Diego, CA, USA) using a two-way ANOVA with
Bonferroni's multiple comparison test for body weight changes and one-
way ANOVA with Dunnett's multiple comparison test for the other read-
outs. Outlier data, identified by Grubbs' test, were excluded from the
analysis. WB statistical analysis was performed by a two-tailed un-
paired t-test. P-value (P) < 0.05 was considered significant. Experi-
ments were performed in three biological replicates.

2.7. Ethics statements

Animal studies adhered strictly to the Italian Ministry of Health
guidelines for the use and care of experimental animals. This study was
performed according to protocols approved by the Institutional Animal
Care and Use Committee (IACUC, protocol #733) of the San Raffaele
Scientific Institute (Milan, Italy).

3. Results

3.1. Selection of HDAC6 inhibitors

To select a suitable compound for the in vivo PoC study a screening
funnel was implemented on known (published and/or patented)
HDAC6 inhibitors. Our first goal was the shortlisting of a small set of
potent and selective known HDAC6 inhibitors. To this aim, we set an
ideal threshold for HDAC6 potency (IC50 < 150 nM), selectivity (>100
over nuclear HDAC isoforms) and solubility features (>300 μM in a
water/DMSO 96:4 system), while also paying attention to the synthetic
feasibility for the selected compounds.

Upon analysis of scientific literature and relevant patents in the field
(36 patents and 57 research articles), inhibitors 1 (Shen et al., 2016), 2
(Blackburn et al., 2013), and 3 (Song et al., 2015), (Fig. 1) were se-
lected as the reference compounds to be putative candidate for the
proof-of-concept study, taking into account HDAC6 inhibitory potency
and selectivity profile over other HDAC isoforms as well as their syn-
thetic feasibility. Moreover, one of our objectives was to test pre-
clinical efficacy of selected HDAC6 inhibitor in mouse models of P.
aeruginosa infection by aerosol administration. This route of administra-
tion requires formulation studies; in particular, it implies that the vehi-
cle should be represented by an aqueous solution containing only a
minimal percentage of organic solvents, such as dimethyl sulfoxide.

Accordingly, three short-listed compounds were identified from our
analysis as the candidates more likely fitting to our established require-
ments with respect to HDAC6 potency/selectivity and solubility profile
(Fig. 1). To compare these parameters in identical experimental condi-
tions, compounds 1–3 were resynthesized and tested in an in-house
panel of assays involving in vitro potency on HDAC6 over HDAC1 iso-
forms, and solubility profile. Solubility was determined for compounds
1 and 2, since they displayed better selectivity. The in-house generated
data are in line with those reported in the literature. Compound 2 dis-
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Fig. 1. Selective HDAC6 inhibitors selected as reference compounds. The values of IC50 on HDAC6 and HDAC1 and the solubility profiles are in house generated
data. Detailed protocols are described in the materials and methods section.

played the best selectivity profile among the shortlisted compound and
a significantly better solubility profile for compound 2 compared to in-
hibitor 1 (802 μM vs 343 μM at pH = 7.4), thus demonstrating to be
the suitable compound for the selected administration route.

Additionally, the three selected compounds were engaged in cell-
based assays (HeLa cells) and, by Western blot (WB) analysis, the pro-
tein levels of acetylated α-tubulin (substrate of HDAC6, cytoplasmic
HDAC isoform) and acetylated histone H3 (substrate of nuclear HDAC
isoforms) were analyzed (Fig. 2). Specifically, HeLa cells were treated
for 16 h, and the concentration of acetylated tubulin and acetylated H3
histone were evaluated by WB analysis as markers for selective activity
on HDAC6 in comparison to nuclear HDAC isoforms. The activity of the
compounds was compared with LAQ824 (Fuino et al., 2003; Kato et al.,
2007), a potent pan-HDAC inhibitor, able to increase both the levels of
acetylated histone and acetylated ⍺-tubulin and with untreated cells
(Ctrl). The selected compounds showed a significant increase in the lev-
els of acetylated tubulin, but almost no effect on the acetylation of H3 at
the tested concentrations, which indicates their selective action on
HDAC6 enzyme. The dose-dependent activity also confirms the favor-
able cell penetration profile for the three selected inhibitors (see Fig. 3).

Fig. 2. Western Blot Analysis of acetylated ⍺-tubulin (AC α-tub) and Histone
H3 (AC H3) Expression Levels in HeLa Cells for compounds 1, 2 and 3 com-
pared with untreated control and LAQ824. The compounds were treated at the
indicated concentrations for 16 h. Glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) was used as a loading control and negative control of acetylation.

Fig. 3. Cytotoxicity of compounds 1–3. EC50 was measured as cell viability of
HeLa cells after 72 h incubation of a dose curve of compounds 1–3 in compari-
son with LAQ824.

Moreover, a cellular toxicity assay was performed on HeLa cells. The
positive reference compound used in this cell-based assay was LAQ824,
a potent pan HDAC inhibitor. HeLa cells were treated with a dose curve
of compounds 1–3 and viability was assessed after 72 h Results are re-
ported in.

While the reference compound LAQ824 showed an CC50 = 2 nM,
all the HDAC6 selective compounds showed no significant toxicity. In
particular, compound 2 did not display detectable toxicity at any con-
centration, not even at the maximum tested dose.

To explore in a lung cellular context the HDAC6 inhibitory potential
of the selected compounds, we carried out a WB analysis assaying
acetylation levels of α-tubulin (ac-tub), a specific target of HDAC6, and
H3K9,14Ac. A549 lung cancer cells were treated with compounds 1–3 at
0.25, 1 and 10 μM (Fig. 4). Interestingly, we observed that all analyzed
compounds, although to a different extent, were able to increase pro-
tein levels of ac-tub in a dose-dependent manner. Conversely, a slight
increase of H3K9,14Ac levels was only observed following treatments at
10 μM for compound 1, and no H3K9,14Ac upregulation was found for
the other compounds analyzed, indicating that the analyzed com-
pounds are specific for HDAC6 compared to other HDAC isoforms.

Taking into account all the data generated in house, we selected
compound 2 as the best performing candidate to be engaged in efficacy
mouse model PoC studies that included three different in vivo studies,
namely i) the assessment of acute toxicity of compound 2 at different
doses and the selected vehicle, ii) the efficacy in a mouse model of P.
aeruginosa acute lung infection, and iii) the efficacy in a mouse model of
P. aeruginosa chronic lung infection (PoC experiment).

3.2. Toxicity and efficacy of compound 2 in mouse model of P. aeruginosa
acute and chronic respiratory infection

Acute toxicity studies showed that mice treated twice with three
doses of compound 2 (5, 10 and 20 mg/kg) did not show weight loss
and temperature decrease or other evident effects on health status (data
not shown) compared to vehicle-treated mice (PBS+ 4% DMSO). The
positive outcome of the acute toxicity experiment supported the feasi-
bility of in vivo efficacy assessment of compound 2 at the three selected
doses.

The efficacy of compound 2 was evaluated in a mouse model of P.
aeruginosa acute respiratory infection. C57BL/6NCrl mice were chal-
lenged with planktonic P. aeruginosa PAO1 strain by i.t. inoculation to
induce acute infection. Aerosol treatment with compound 2 at 5, 10
and 20 mg/kg or vehicle (PBS + 4% DMSO) started 18 h before and
5 min after infection. A single dose of compound 2 at 5 and 10 mg/kg
showed a trend in bacterial load reduction, both in the lung and in the
BALF, but this difference was not statistically significant (Fig. 5A).
Moreover, no effect on cell recruitment was shown after treatment with
compound 2 (Fig. 5B). These results suggest that a single dose of 2 by
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Fig. 4. A) Western Blot analysis showing protein expression levels of acetylated ⍺-tubulin (AcTub) and acetylated histone 3 (H3K9/14ac) following 24 h
treatment with the indicated compounds (1, 2 and 3) at indicated concentrations (10, 1 and 0.25 μM). SAHA was used as a positive control. GADPH and H4
were used as a Western Blot loading control. B) Densitometric analysis of WB. Errors bars indicate the standard deviation of three biological replicates,
n = 3 (**P < 0.01; *P < 0.05).

aerosol is not effective in ameliorating inflammation and infection in a
mouse model of P. aeruginosa acute infection.

The results obtained in the P. aeruginosa acute infection model were
not surprising due to the short time window explored, probably too
short to see any effect based on the epigenetic mechanism of the
HDAC6 inhibition. We envisaged more appropriate experimental condi-
tions, thus planned to test the efficacy of 2 in a chronic lung infection
model, also supported by literature data highlighting that genetic de-
pletion of HDAC6 improved both the inflammatory state and the infec-
tion in chronically infected mice with P. aeruginosa (Rosenjack et al.,
2019).

To mimic a chronic infection similar to what is typically established
in the lungs of CF patients, mice received intratracheal inoculations of
4–5x105 P. aeruginosa MDR-RP73 strain embedded in agar beads.18 Five
minutes after infection mice were treated aerosol by Penn Century with
compound 2 at 5, 10 and 20 mg/kg or vehicle (PBS+ 4% DMSO). Mice
were treated daily for three or seven days and sacrificed at two different
time points (Fig. S1) (Bragonzi, 2010; Bragonzi et al., 2005). Body
weight recovery did not differ between compound 2 and vehicle-treated
mice after infection (Fig. 6A). Three treatments with compound 2 in-
duced reduction in bacterial load, although not statistically significant
(Fig. 6B). At this early time point we observed no efficacy of compound
2 in reducing cell recruitment (Fig. 6C).

Next, when we extended the treatment to 7 days, compound 2-
treated mice exhibited less loss and faster recovery of body weight in
dose dependent manner than vehicle-treated mice (Fig. 7A). We ob-
served a relevant efficacy in bacterial load reduction after treatment
with compound 2, but this effect was not statistically significant (Fig.
7B).

To define the effect of repeated treatments on the airway inflamma-
tory response, total leukocyte recruitment in the BALF was evaluated.
After 7 days of treatment, mice treated with the inhibitor showed a
dose-dependent reduction in total cell counts and in the number of neu-
trophils in BALF that was significant at the doses 10 and 20 mg/kg (Fig.
7C) as compared to vehicle-treated mice.

Statistical significance determined by one-way ANOVA followed by
Dunnett's Multiple Comparison Test: *P < 0.05, **P < 0,01 HDAC6i-
treated mice compared to vehicle treated mice.

Following the significant anti-inflammatory efficacy of compound
2 at 10 mg/kg and 20 mg/kg we evaluated the effect of treatment on
chemokines and cytokines assay on the supernatant of lung ho-
mogenates. Treatment with the highest dose of compound 2 induced a
statistically significant reduction of several interleukins involved in the
inflammatory response (IL-1α, IL-1β, IL-4, IL-6, IL-9, IL12 (p70) and IL-
17A), chemokines (KC, MCP-1, MIP-1α, MIP-1β and RANTES), growth
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Fig. 5. Efficacy of compound 2 (Cpd 2) at 5 mg/kg, 10 mg/kg, 20 mg/kg aerosol treatment in P. aeruginosa PAO1 acute infection model; bacterial load count,
including lung and BALF (A) and cellular recruitment, including neutrophils and macrophages after compound treatment in comparison with vehicle (B). Data
are presented as mean ± SEM.

Fig. 6. Efficacy of compound 2 (Cpd 2) at 5 mg/kg, 10 mg/kg, 20 mg/kg aerosol treatment in P. aeruginosa MDR-RP73 three days chronic infection model; body
weight evaluation (A), bacterial load count in the lung, including lung and BALF (B) and cellular recruitment (C), including neutrophils and macrophages after com-
pound 2 treatment in comparison with vehicle. Data are presented as mean ± SEM.

factors (G-CSF) and IFN-γ when compared with vehicle-treated mice
(Fig. 8).

Overall, these data confirm the capacity of the compound 2 in re-
ducing inflammation induced by P. aeruginosa chronic lung infection.

Statistical significance determined by one-way ANOVA followed by
Dunnett's Multiple Comparison Test: *P < 0.05, **P < 0,01,
***P < 0,001, ****p < 0,0001 HDAC6i-treated mice compared to ve-
hicle treated mice.

3.3. Biodistribution studies on compound 2 demonstrates negligible plasma
concentration upon intratracheal administration

Plasma samples collected from chronic infection mice treated with
compound 2 were submitted to quantitative determination of the com-
pound in this biological matrix (See Materials and Methods section for
details) in order to assess the circulating plasma concentration after 3
and 7-days treatment by intratracheal injection. The evaluation of this

7



CO
RR

EC
TE

D
PR

OO
F

M. Brindisi et al. European Journal of Pharmacology xxx (xxxx) 175349

Fig. 7. Efficacy of compound 2 (Cpd 2) at 5 mg/kg, 10 mg/kg, 20 mg/kg aerosol treatment in P. aeruginosa MDR-RP73 seven days chronic infection model; body
weight evaluation (A), bacterial load count (B) and cellular recruitment after Cpd 2 or vehicle treatment. Data are presented as mean ± SEM pooled from three ex-
periments.

parameter is essential to understand the body distribution of the com-
pound after aerosol administration and the suitability of our conceived
formulation for a potential chronic use. In general, intratracheal admin-
istration did not induce massive systemic circulation and our data con-
firm the general trend also for compound 2. The quantitative evaluation
demonstrated that the compound is not distributed in the body even af-
ter a 7 days QD treatment (Table 1): in most samples the target com-
pound was not detected, in some samples the peak was visible but un-
der the limit of quantification (<10 ng mL−1) while only in a few cases
quantification could be carried on. The maximum detected concentra-
tion was 21 ng mL−1, which can be considered a negligible concentra-
tion. These findings support the safe profile of 2 in our administration
settings.

These data prove that compound 2 is localized only at the site of ad-
ministration (lung) where it can carry out the positive effect against in-
flammation and bacterial load.

4. Discussion

Developing new therapeutic options for CF is closely linked to the
necessity of identifying novel treatment approaches, which could allow
the resolution of the prolonged and aggressive inflammatory phenotype
associated to CF, but also guarantee sustained immune response for the
eradication on infections that are one of the leading causes of complica-
tions and death of the patients.

The goal of this study is providing a solid proof of concept for
HDAC6 selective inhibitors to reduce the inflammatory status and infec-
tion in validated P. aeruginosa acute and chronic infection models.

Clear evidence has been provided in the last years that host protein
acetylation status is dynamically regulated during infection and corre-
lated to the modulated immune response against pathogens. Recent
data also highlighted the role of microtubule acetylation as a key regu-

lator of intracellular transport in CF cells and CF-related inflammatory
responses. In this context HDAC6, owing to its distinctive structure, lo-
calization and nature of substrates, plays a pivotal role in the acetyla-
tion-deacetylation balance of key protein substrates, thus supporting
the concept that several CF phenotypes can be ameliorated through
HDAC6 inhibition.

The microtubule network undergoes extensive post-translational
modifications (PTMs), including acetylation. PTMs are largely responsi-
ble for the fine-tuning of microtubule network stability, as well as the
recruitment of microtubule-associating proteins (Song et al., 2015;
Westermann and Weber, 2003; Wloga et al., 2017; Moutin et al., 2021).
α-Tubulin was the first acknowledged HDAC6 protein substrate. Ac-
cordingly, increased expression of HDAC6 promotes tubulin hypoacety-
lation, thus controlling chemotactic cell movement (Hubbert et al.,
2002; Cabrero et al., 2006; Haggarty et al., 2003) and motor-based traf-
ficking (Kawaguchi et al., 2003).

Multiple evidences also supported the hypothesis that the micro-
tubule acetylation status is responsible for the defective endocytic traf-
ficking and perinuclear cholesterol accumulation detected in CF
(Rymut et al., 2013, 2017).

Tubastatin A (TubA), a selective HDAC6 inhibitor, was employed as
a pharmacological tool and helped unveiling the effectiveness of
HDAC6 inhibition in cell-based models in increasing the levels of Ac-
tubulin and relocating of accumulated perinuclear cholesterol (Rymut
et al., 2013; Lu et al., 2019), thus demonstrating that tubulin acetyla-
tion is a crucial pathway in pathophysiology of several CF phenotypes
and that HDAC6 inhibition holds promising potential as innovative
therapeutic option for restoring those pathways to a more WT-like pat-
tern.

The evidence of a dynamic regulation of epigenetic marks by envi-
ronmental cues has also triggered research efforts devoted to the eluci-
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Fig. 8. Bioplex immunoassays results evaluated in supernatant of lung homogenates after compound 2 (Cpd 2) at 10 mg/kg and 20 mg/kg or vehicle aerosol treat-
ment in P. aeruginosa MDR-RP73 seven days chronic infection model. Data shown were pooled from three experiments performed in different days.

Table 1
Compound 2 quantification in plasma samples.
Dose Days post infection Concentration range (n = 6)

5 mg/kg 3 ND to 20 ng mL−1

10 mg/kg 3 ND to 21 ng mL−1

20 mg/kg 3 ND to 14 ng mL−1

5 mg/kg 7 ND
10 mg/kg 7 ND
20 mg/kg 7 ND

*ND: Not Detected.

dation of epigenetic pathways in microbial infections (Grabiec and
Potempa, 2018; Correa-Oliveira et al., 2016; Beier et al., 2012).

Interestingly, it was demonstrated that TubA, but not class I HDAC
inhibitors, enhanced bacterial killing by macrophages (Ariffin et al.,
2015). The same study also evidenced that treatment with HDAC in-

hibitors at the insurgence of bacterial infection boosts mitochondrial re-
active oxygen species production by human macrophages, thus in turn
increasing antibacterial response. Almost parallel studies also demon-
strated that HDAC6 selective inhibition promoted bacterial clearance,
reduced pro-inflammatory cytokine production, restored innate im-
mune cell populations in the bone marrow, and improved survival in a
mouse model of sepsis (Li et al., 2015; Zhao et al., 2016). These data
support the hypothesis of a key role for HDAC6 in regulating bacterial
clearance (Chen et al., 2008; Kamemura et al., 2012; Bai et al., 2015),
while class I HDACs seem unlikely to exert such effect.

These data were also validated by genetic Hdac6 depletion, demon-
strating reduced bacterial load in a model of infection using clinical P.
aeruginosa isolates embedded in agarose beads, which effectively reca-
pitulates CF phenotype (Rosenjack et al., 2019). These data, coupled
with the limited weight loss registered and the regulation of neutrophil
recruitment upon Hdac6 depletion, further highlight HDAC6 as a cru-
cial regulator in multiple secondary phenotypes related to impaired
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CFTR function, thus supporting the use of selective HDAC6 inhibitors in
CF patients regardless of CFTR phenotype.

Fully, in line with these results we have herein demonstrated that
selective pharmacological HDAC6 blockade with compound 2 can exert
significant effects on infection in an in vivo mouse model of chronic PA
infection.

In particular, treatment of mice with aerosol by Penn Century with
compound 2 at the three selected doses (5 mg/kg, 10 mg/kg and
20 mg/kg daily for a total of seven administrations) led to a strong re-
duction of infection at all doses, measured as a reduction of bacterial
load (CFU count).

In the context of inflammation, increasing evidence is available
highlighting the key role of HDACs and HDAC inhibitors in the regula-
tion of chemokines, cytokines and growth factors, thus controlling key
inflammatory pathways in inflammatory diseases of different origins
(Gatla et al., 2019; Bolden et al., 2013; Hull et al., 2016; Nusinzon and
Horvath, 2003; Vlasakova et al., 2007; Deng et al., 2018). In particular,
a predominant role of HDAC6 isoform on the regulation of cytokines
levels has been highlighted by several reports. Accordingly, HDAC6 se-
lective inhibition was shown to down-regulate IL-1β expression in fi-
broblasts, epithelial and myogenic cell lines (Di Liddo et al., 2016);
moreover, the pivotal role of HDAC6 in the regulation of NF-kB activity,
related to IL-1β signaling was disclosed (Cheng et al., 2014a,b). Selec-
tive HDAC6 inhibition was also linked to reduction of IL-6 in an arthri-
tis mouse model (Vishwakarma et al., 2013), while the role of this iso-
form on the production of the anti-inflammatory cytokine IL-10 is still
controversial (Di Liddo et al., 2016; Licciardi and Karagiannis, 2012).

HDAC involvement in chemokine signaling was also demonstrated;
accordingly, pan-HDAC inhibition induced the expression of CCL2
(Booth et al., 2017), and selective HDAC6 inhibition decreased CCL4
expression (Choi et al., 2018; Cao et al., 2018).

HDAC6 also appears an important player in the regulation of inflam-
matory cells. In particular, HDAC6 inhibition stimulates inflammatory
antigen-presenting cells with a key role in the induction of T-cell activa-
tion and T-cell tolerance (Cheng et al., 2014a,b; Yan et al., 2017; Cheng
et al., 2014a,b). Moreover, depletion of HDAC6 endorses the suppres-
sive activity of Foxp3+ regulatory T-cells in inflammation models (de
Zoeten et al., 2011).

According to this data, targeted HDAC6 inhibition has been increas-
ingly proposed over the last years as a promising therapeutic strategy
towards inflammatory disorders, including airway inflammation (Ran
and Zhou, 2019), asthma (Ren et al., 2016), and chronic obstructive
pulmonary disease (COPD) (Lam et al., 2013).

In the context of CF, inflammation-oriented studies evaluated the ef-
fect of pan-HDAC inhibition in P. aeruginosa-lipopolysaccharides (PA-
LPS)-induced airway inflammation and CF lung disease (Bodas et al.,
2018). In this model, pan-HDAC inhibition efficiently controlled P.
aeruginosa-LPS-induced IL-6 levels. Moreover, the same study demon-
strated that NF-kB activation (as a marker of inflammation) and Nrf2
regulation (as a marker of anti-oxidant response) are effectively cor-
rected by pan-HDAC inhibitors (Bodas et al., 2018). More recent evi-
dence pointed out the unique role of HDAC6 isoform with respect to the
inflammatory phenotype in CF, thus supporting the evaluation of selec-
tive HDAC6 inhibitors in this context. Accordingly, it was recently
demonstrated that HDAC6 genetic depletion improved CF mouse air-
way inflammatory responses to bacterial challenge, in a clinical P.
aeruginosa chronic infection model (Rosenjack et al., 2019). Addition-
ally, the loss of Hdac6 on a CF background increased the rate of bacter-
ial clearance, and this effect was ascribed to a crucial regulatory step in
CF immune responses.

Here, we tested HDAC6 selective inhibitors in validated P. aerugi-
nosa mouse models that recapitulate the bacterial infection and the in-
flammation status in the early and late CF disease (Bragonzi, 2010). In
particular, the pre-clinical testing of compound 2 was performed in
acute infection and complex models of long-term chronic airway infec-

tion by challenging mice with the MDR-RP73 P. aeruginosa clinical
strain embedded in agar beads. We have previously shown that agar
beads provide micro-anaerobic conditions for bacterial growth and
biofilm formation comparable to those present in the mucus of CF pa-
tients (Bragonzi et al., 2005; Worlitzsch et al., 2002; Cigana et al.,
2016). In addition, this model develops lesions similar to the ones
found in CF patients and displays certain phenotypes of human CF lung
disease, providing a valuable tool for the pre-clinical testing of antibac-
terial and anti-inflammatory molecules (Döring et al., 2014; De Leo et
al., 2022). Fully, in line with in vitro results we demonstrated that selec-
tive pharmacological HDAC6 blockade can exert significant effects in
the regulation of inflammatory markers in an in vivo mouse model of
chronic P. aeruginosa infection. In particular, treatment of mice with
aerosol by Penn Century with compound 2 at three doses by applying
repeated administrations led to a significant anti-inflammatory effect,
causing a dose-dependent reduction in total cell counts and in the num-
ber of neutrophils in BALF. Furthermore, the anti-inflammatory effect
of compound 2 was confirmed by Bio-plex Multiplex immunoassay,
where treatment with the highest dose induces a statistically significant
reduction of key interleukins involved in the inflammatory response.
Most important, considering the potential interference of compound 2
with innate immune recruitment mechanisms, we evaluated the possi-
ble risk of favoring bacterial infections. In the chronic infection model,
compound 2 efficacy was associated with a modest decrease of bacterial
burden, indicating no risk of pulmonary exacerbation in repeated treat-
ments. Thus, this anti-inflammatory activity is accompanied by a bene-
ficial protecting activity against infection. Although our study repre-
sents the first proof of concept for efficacy of pharmacological HDAC6
blockade in mouse models of chronic P. aeruginosa infection, the chal-
lenge ahead is to improve these mouse models by including additional
variables such as the CFTR mutations and the concomitant use of other
therapies to further reflect the complexity of CF disease.

In summary, we herein provided the first comprehensive in vivo
proof-of concept of the efficacy of a selective HDAC6 inhibitor in con-
trasting the CF-associated proinflammatory phenotype as well as in ef-
fectively reducing bacterial load in treated animals. After a careful com-
pound selection performed based on HDAC6 potency and selectivity,
we identified compound 2 as the most suitable candidate to be engaged
in in vivo studies for validating our hypothesis.

We re-profiled compound 2 in house on its HDAC1/6 inhibitory ac-
tivity and assessed its performance in selectively increasing levels of
acetylated tubulin with respect to acetylated histone levels in HeLa and
A549 cells. The behaviour of compound 2 in cell-based settings demon-
strated its striking preference for the inhibition of HDAC6 with respect
to nuclear HDAC isoforms, thus further supporting its favorable fea-
tures as optimum chemical probe to specifically dissect the role of selec-
tive HDAC6 inhibition as innovative therapeutic option in CF. As a fur-
ther validation of its drug-like profile, compound 2 did not cause toxic
effects in cells, neither it caused weight loss, temperature decrease or
any other evident effects on health status of treated mice. We showed
that 2 is able to dose-dependently reduce the total cell counts and neu-
trophils in BALF and evoke a modest reduction of the bacterial load,
when locally administered in a mouse model of chronic Pseudomonas
aeruginosa infection using a Penn-Century MicroSprayer® Aerosoliser.
The anti-inflammatory profile of 2 has been further validated by bio-
plex analysis, which highlighted significant changes in the level of in-
terleukins and other relevant inflammatory markers, thus unequivo-
cally validating selective HDAC6 inhibition as a feasible strategy for re-
ducing inflammation and bacterial load related to CF phenotype.

Our study is of particular significance since it demonstrates for the
first time the utility of selective drug-like HDAC6 inhibitors as innova-
tive therapeutic option for CF, using a relevant in vivo model. Our data
pave the way to the development of novel HDAC6 inhibitors specifi-
cally tailored for chronic administration in CF patients, thus improving
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the CF-associated inflammatory phenotype and promoting an effective
immune response against infections.
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