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Chronic inflammation of the airways is a central component in lung diseases eegiently
associated with bacterial infections. Monitoring the pro-inflammatgogluitity of bacterial
virulence factorsn vivo is challenging and usually requires invasive methods. We have evaluated
the benefit of using a mouse model, transiently expressing the lucifepaster gene under the
control of an heterologous IL-8 bovine promoter, to detect and monitoring lung inflaannitis
experimental animal model is based on the transient transduction of the IL-8 prayspe
representing a major player during inflammation, essential for leuka®grestment to the

inflamed tissue and potentially an appropriate molecular read-out for monitoegtivation of
inflammatory pathways caused by bacterial virulence factors. Lungnimféion in mice was
induced using the culture supernatants from Rasudomonas aeruginosa clinical strains, VR1

and VR2, isolated from patients affected by cystic fibrosis and showingediffghenotypes in
terms of motility, colony characteristics and biofilm production as wellyaserdine, pyocyanine
release. More interesting, the strains differ also for the presence maiapeés of metalloproteases,
a family of virulence factors with known pro-inflammatory activltyvivo imaging indicated that
VRL1 strain, releasing in its culture supernatant metalloproteases ansintlegrce factors,

induced lung inflammation while the VR2 strain presented with a severely redueed pro
inflammatory activity. The bioluminiscence signal was clearly visitdenf4 to 48 hours after
supernatant instillation. The animal model was also used to test the antikafiary activity of
azithromycin, an antibiotic with demonstrated inhibitory effect on the synthesistefiba
exoproducts. The inflammation signal in mice was in fact significantly redwben bacteria grew
in the presence of a sub-lethal dose of azithromycin causing inhibition of the synthesis of
metalloproteases and other bacterial elementsiniigo data were further supported by
guantification of immune cells and cytokine expression in mouse broncho-alveolar $anagles.
The data presented indicate that the model is suitable to functionally monitortimestiie lung

inflammatory response facilitating the identification of bacteaatdrs with pro-inflammatory



51 activity and the evaluation of the anti-inflammatory activity of old and nevecatds for
52 therapeutic use.

53



54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

INTRODUCTION

Airway inflammation is a central component of a number of chronic lung disaaseassevere
asthma, chronic obstructive pulmonary disease (COPD), cystic fibrosigf@Fpronchiectasis.
Airway inflammation is characterized by edema, cellular infilbratactivated T lymphocytes and
mast cells, increased airway secretions, and deposition of excess cfla@jeirrequently, the
inflammation is associated with bacterial infections such as those cauBselidgmonas

aeruginosa, an opportunistic human pathogen involved in severe airway infections especially in
patients suffering from CF and COPD [1, 3]. During the early onset of the lungonfd

aeruginosa secretes a high number of virulence factors which are responsible for tissue dathage a
inflammation [4]. As the infection progresses, the bacterium switchesasf of the virulence

genes but synthesizes a biofilm matrix and becomes resistant to antitéoisiisg a chronic

disease frequently leading to respiratory failure and lung transplantatioatbr{dle

Therefore, it is mandatory to identify those factors and conditions causing ludgroage and
favoring the passage from an acute to a chronic bacterial infection by rmapifor long times,

the inflammation process. Furthermore, to avoid the onset of the chronic phase ofctienintas
important to treaP. aeruginosa infection during the acute phase using efficient antibiotic therapy
and anti-inflammatory drugs.

By standard methods, the inflammation of the respiratory tract can be monitaredriiyng
immunological markers recruited during the inflammatory process with sprdlection, a
technique which provides poorly reliable results, or invasive sampling techniques such as
bronchoscopy [5]. Animal models of acute and chronic lung infection have been used to study the
bacterial behavior and for monitoring the host response in vivo [1, 6]. These models provide an
important resource to identify essential bacterial genes for in vivo infectiostpace and for the
development and testing of new therapies [6, 7]. Recently, a mouse model, trapsi@m@dging

the luciferase reporter gene under the control of the bovine IL-8 promoter, has $aé@redd8]

and demonstrated to be suitable to functionally monitor in real time the lung inflargmegponse
4



80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

[8, 9, 10,11]. This small size experimental animal model is based on the transiehtdtiansof

the IL-8 promoter, a gene representing a major player during inflammatsential for leukocytes
recruitment to the inflamed tissue and an appropriate molecular read-owrbommng the
activation of inflammatory pathways [8]. Although mice do not have an IL-8 gene, maluse ¢
signaling and their transcriptional apparatus could specifically activateovine IL-8 gene
promoter. Since lung disease manifestation in ruminants overlap with thetynajdriiman lung
disease manifestations, this model could be of great value to study human lung ds®ase

It has been shown that tReaeruginosa strains isolated during the early phase of lung colonization
had a pro-inflammatory capability higher than that induced by strains isolated tlurg chronic
colonization [12]. The pro-inflammatory effect, associated with the expres$ilL-8 mRNA in

CF airway epithelial cells, was shown to be associated to s&getalomonas released proteins
with proteolytic activity including members of the metalloprotease (M®jl§ [12]. Other
virulence factors secreted Pgeudomonas such asexotoxins and exoenzymes, pyoverdine and
pyocianine are also involved in tissue damage and inflammation. It has beenexlitjugst
azithromycin (AZM), an antibiotic used in CF patients, could elicit its afiasnmatory activity

by decreasing the synthesisRsudomonas exoproducts [13, 14, 15]. In fact, Molinari et al [13]
have shown that sub-lethal doses of AZM strongly suppressed the synthesisaeéeglasithinase,
proteases and DNase, while in another study it has been shown that AZM reduced th@produc
bacteria virulence factors by inhibiting quorum-sensing [15].

In the present study, the IL-8/luciferase transgenic mouse model has bean usedo monitor
the IL-8 mediated lung inflammation induced Pyaeruginosa secreted pro-inflammatory

virulence factors and their modulation by azithromycin.
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MATERIALSAND METHODS

Collection of bacterial cell-free supernatants

Two P. aeruginosa strains, VR1 and VR2, were isolated from sputum samples of dijstisis
(CF) patients followed at the Cystic Fibrosis Center inoviar Italy. Written informed consent was
obtained from the subjects enrolled in the study and approved by thatioisél Review Board of
Azienda Ospedaliera Universitaria Integrata (AOUI) Verona asqirbf 2.

Bacterial strains were grown overnight at 37°C in BR&ttdryptic Soy Broth (TSB, Becton,
Dickinson and Company) with continuous agitation. The day dfterruginosa cells were diluted
in TSB to the concentration of 1YA.GFU/mI (OD of 0.1 at 600 nm) and incubated in absence and
in presence of 8 pg/ml of AZM, at 37°C for 16 hours with continuousitémit The concentration
chosen for this antibiotic is in the sub-minimum inhibitory concemtma(sub-MIC) range foP.
aeruginosa, and is consistent with the concentrations found in lungs of patieatedrwith this
drug (16). By adding TSB, the cultures were normalized to an oplécelity of 0.2 OD at 600 nm.
Culture supernatants (Sn) were collected by centrifugation (70030 min, 4°C) and filtered
through a 0.22 pum Millipore filter to remove any remaining ba&teBupernatants were
concentrated to 30X using Amicon Ultra-15 30K (Millipore, Billericg&6A), then centrifuged at
27000 x g for 1 h at 4°C to remove cellular debris and finallyligiedi by filtration through a

Millipore 0.22 pum filter.

Phenotype characterization

Colony characterization:

P. aeruginosa VR1 and VR2 isolates were grown on LB agar plates for 24-48 h at 37°C and colony

morphotypes were visually inspected for color, shape, edges regularity, andynucoi
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Motility assays:

Swimming plates (1% tryptone, 0.51% NaCl and 0.3% (w/v) agar) were point-inoculated from
an overnight culture with a sterile toothpick and incubated at 37 °C for 24 h. The zone dveaseter
measured to assess swimming motility.

Swarming plates (0.5% peptone, 0.3% yeast extract, 0.5% NaCl, 0.5% D-glucose and 0)5% (w/
agar) were point-inoculated from an overnight culture with a sterile toothpick arshied at 37

°C for 24 h. Swarming motility was assessed by measuring the circular tart@d formed by the
bacterial cells migrating away from the point of inoculation.

Twiching motility was evaluated on Luria-Bertani (LB) 1% (w/v) agaited. Overnight cultures
were stabbed with a sterile toothpick through the agar layer to the bottom ofriltedReiThe

plates were then incubated at 37 °C for 48 h. Twiching motility was examined by mgdkaeri

diameter of the halo formed in the plastic-agar interface.

Biofilm formation assay

Bacterial cells were grown at 37 °C in TSB-1% glucose uhgly reached the exponentially
growing phase (OBEonn=0.4). Exponentially growing cells were then diluted in TSB-1% agec
medium to reach POCFU/ml. Two hundred microliter of each cell suspension were used t
inoculate sterile flat-bottomed polystyrene microtiter plategtqOne, Starlab) and plates were
incubated aerobically at 37 °C without agitation for 48 h to allow biofibrmation. After
incubation, the planktonic cells were aseptically aspirated, wasliidd sterile physiological
solution and dried. For biofilm quantification, 100 pl of 1% methylene blere added to each
well and the plate maintained for 15 minutes at room temperatheewells were subsequently
slowly washed once with sterile and dried at 37 °C. The methyleleebound to the biofilm was
extract using 100 ul of 70% ethanol and the absorbance measured at %ighgmMA3 Plate
Reader” microplate reader (DAS Srl, Italy). All the mentioreegberiment were performed in

triplicate.
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Virulencefactor assays
The presence of virulence factors in culture supernatants was evaluetepaftth of the
bacterial strains with and without azithromycin.

Gelatin-zymography for analysis of the protease profile.

Five ml of 5X SDS sample buffer (5% SDS, 0.5 M Tris-HCI pH 6.8, 25% glycerol) wieledao

20 pl of culture supernatants. The sample was run on a SDS-PAGE gel containing fetegim
(Sigma-Aldrich) as described (12). The gel was washed twice (20 minge) wyth 2.5% Triton

X-100 at room temperature, then incubated in 200 ml of activation buffer (10 mM Tris-HCI, 1.25%
Triton X-100, 5 mM CaCl2, 1 mM ZnClI2) overnight at 37 °C and finally stained with Coomassie
Brilliant Blue G-250 in 20% methanol/10% phosphoric acid/10% ammonium sulfate and destaine
in water.

In Vitro Imaging Probe

A near infrared (NIR)-activatable “smart” probe (Perkin Eimec. Boston, MA, USA) was used
for imaging protease activities. Specifically, MMPsense 75GBFAs a proteases activatable
fluorescentin vivo imaging agent that is activated by key disease assogeatezinases such as
MMPs including MMP-2, -3, -9 and -13 and bacterial proteases.t$mwes are optically silent in
their inactivated state and becomes highly fluorescent following preteediated activation.

The MMPsense 750 FAST probe was added toubOdf culture supernatants at the final
concentration of 0.02 nmoles in a 96-well plate and an imagingnsy@\lS, Caliper Life
Sciences, Alameda, CA, USA) was used to quantify the timeseafrthe fluorescence every 30
sec from 1 to 40 min.

Pyoverdine assay:

The production of pyoverdine 3 aeruginosa was measured spectrophotometrically by a
modification of the method described by Meyer and Abdallah. Overnight cultures afdine st
were diluted to an optical density at 600 nm ¢gJpof 0.1 in 30 ml of King's B broth (low-iron

medium) with and without 8 pg/ml AZM and grown at 37°C until they reached apOD:2-3
8



184 (after 16 h). Cultures were normalized to §4®f 0.2 in order to reproduce the conditions of
185 supernatants used for mice stimulation. The absorbance of cell-free supismais measured at
186 405 nm. The concentration of pyoverdine was calculated by using the extinctionieoeficd x
187 10°*M7tem™).

188 Pyocyanin assay:

189 The pyocyanin assay is based on the absorbance of pyocyanin at 520 nm in acidit @dstr et
190 al, 1990). Bacterial cultures were grown in LB medium with or without AZM follovtiregsame

191 conditions described for pyoverdine assay. Five milliliters of cell-freersapants were extracted
192 with 3 ml of chloroform. The lower phase was mixed with 1 ml of 0.2 M HCI, and the absorbance
193 of the resulting upper pink phase was measured at 52843 Concentration, expressedapsof
194 pyocyanin per ml of culture supernatant, was determined by multiplying3be value by 17.072.
195

196 Experimental Animals

197 Female inbred BalbC (7—8 week-old) mice were purchased from Haalboratories Italy (San
198 Pietro al Natisone, Udine, Italy). Prior to use, animals vaeaimatized for at least 5 days to the
199 local vivarium conditions (room temperature: 20—-24°C; relative humid@y70%; 12-h light-dark
200 cycle), having free access to standard rodent chow and softgmedater. Animal experiments
201 were conducted in compliance with national (Decreto Legislativo rai@@, 4 Marzo 2014) and
202 international laws and policies (Guide for the Care and Use lodrhtory Animals) [17]. Animal
203 studies were approved by the Institutional Animal Care and Useniitea at Chiesi Farmaceultici,
204 Parma, ltaly.

205

206 In Vivo Gene Délivery

207 The bIL-8-Luc plasmid (Department of Medical Veterinary Saggrdniversity of Parma, Italy)
208 was obtained by sub-cloning the 2030 bp IL8 bovine promoter, ampbfiedCR from Madin-

209 Darby bovine kidney (MDBK; ATCC #CCL-22) genomic DNA and sub-cloned the digested
9
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pGL3basic vector (Promega) as previously described [8]. We applied/o JetPEI (Polyplus
Transfection) as a carrier for delivering DNA to lung tissuBise DNA and JetPEl mix was
formulated according to the product manual with a final N/P wtio. Briefly, 40ug of blL-8—luc
and 7uL of JetPEI were both diluted into 2@Q. 5% glucose. The two solutions were then mixed
and incubated for 15 minutes at room temperature. The entire mixasrénjected intravenously
into BalbC mice and the expression of bIL-8—Luc was monitored througgimg with an VIS

imaging system.

In Vivo Bioluminescence I maging

Transfection per se causes a mild lung inflammatory response and hilzeRiac that is detectable
by BLI up to 3—4 days after DNA injection and disappears completely after 1 week.

One week after DNA delivery, the transient transgenic mieee injected intraperitoneally (i.p.)
with luciferin (150 mg/kg) and bioluminescence imaging (BLI) wesorded in order to check the
baseline activation of the IL-8 pathway. Briefly, 10 and 15 milofahg luciferin injection, mice
were lightly anesthetized with isoflurane and images werer@ataising the IVIS imaging system:
an average of photons emitted from the chest of the mice wasfgdaosing Living Image®
software (Caliper Life Sciences, Alameda, CA, USA). Datae expressed as mean folds of
induction (FOI) over the baseline activation of each mouse. Thewinj day, mice were

intratracheally challenged with 10X supernatants and BLI was recorde@4tand 48 hours.

Bronchoalveolar Lavage and Cytokine Deter mination

Twenty-four hours after intratracheal challenge, animalseweeighted, anaesthetized with
isoflurane and sacrificed by bleeding from the abdominal aortdrfmichoalveolar lavage fluid
(BALF) collection, performed as previously described [8]. BALF snatants were frozen at -80
°C for simultaneous quantitation of multiple cytokines/chemokines using-#IBx™ Cytokine

Assay Kit (Bio-Rad Laboratories, Segrate, Milano, Italy).
10
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The cell pellet was suspended in 0.2 ml of PBS and total and difidregit counts were obtained

using an automated cell counter (Dasit XT 1800J, Cornaredo; Milano, Italy).

Reagents
In vivo JetPEI DNA transfection reagent (Polyplus Transfection) a&sined from Euroclone
(Milan, Italy), D-luciferin was obtained from Perkin Elmer InBoéton, MA,USA). Azithromycin

was from Pfizer (Italy).

Data analysis
Experimental values were expressed as the mean and standaf éreomean (SEM). Statistical
analysis was performed using one-way analysis of variance falbw®unnett’s t test (* p < 0.05,

** p < 0.01).

RESULTS

Phenotypic characterization of Pseudomonas aeruginosa clinical isolates

We hypothesized that one or more virulence factors releadedabyuginosa in the lung of CF
patients during infection might have a role as pro-inflammatory fa@peifically and in addition
to other released bacterial products, we considered tested the role of metakgmat has been
demonstrated in CF airway epithelial cells that the pro-inflammatorysotainly associated to
Pseudomonas released proteins with proteolytic activity [12]. We have therefore seleeted t
clinical P. aeruginosa strains, VR1 and VR2, isolated from two different patients and showing
significant differences as regards phenotypic characteristics asehpeeof metalloproteases and
other virulence factors in culture supernatants. The phenotypic charamarddahe two strains is

shown in Table 1. VR1 and VR2 differentiated for the production of pyoverdin and pyocyanin
11
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which are released only in the VR1 supernatant, the capability of moving bynsmgnswarming

and twitching detectable in VR1 but non in VR2, the production of biofilm which is more evident
in VR1 with respect to VR2 and by the level of protease activity, well detedtathie VR1
supernatant and very reduced in the VR2 one.

Culture supernatants were prepared from the two diffdpanterialstrains by grown them in a
culture medium in the absence (SnVR1 and SnVR2) and in the presence of a sub-MIC dose of
azithromycin (SnVR1+AZM and SnVR2+AZM). The inhibitory action of AZM on the esgitn

of Pseudomonas virulence factors is clearly shown in Table 1. The specific inhibitogcetif

AZM on metalloprotease synthesis was also demonstrated by testing sasrfa the presence

of proteolytic activity with a proteases activable fluorescent probei@i) and by zymography

(Figure 2)

In vivo monitoring of lung inflammation induced by P. aeruginosa culture supernatantson
IL-8 transiently transgenic mice

In vivo monitoring of lung inflammation after intra-tracheal challenge Witheruginosa SnVR1
and SnVR2 at 1X, 3X, 10X and 30X concentrations was conducted by in vivo imaging in bIL-8 luc
transient transgenic mice. Administration of the 10X SN concentration wasentftic induce the
maximal increase in BLI signal. In fact, the use of the 30X Sn preparation didhmslate into a
higher inflammation signal, indicating a saturation of the system at lmmeentration (10X)
(Figure 3A). For this reason, the rest of the experiments were conducted aird@Xtcation.
SnVR1 pro-inflammatory activity was clearly detectable as soon as 4 hoursgiitistion,
although the BLI signal reached the highest peak at 24 hours (FOI 5.11+1.07) and was still
detectable at 48 hours (Figure 3B). On the contrary, the SnVR2 did not induce detectable
inflammation in the mouse lung at any time point. The BLI signal induced byétlerege with

SnVR1+AZl was significantly low (FOI 1.58+0.21) after 24 hours with respeceteeponse

12
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induced by SnVR1 obtained from the same bacterial strain grown without the an{ibigtire

3B).

Recruitment of inflammatory cells and cytokine activation induced by P. aeruginosa culture
supernatants

Twenty-four hours after mice stimulation wihaeruginosa products, BALF was recovered from
IL-8 transgenic animals treated with both VR1 and VR2 supernatants in order to ctimejrare
effect on cell recruitment and cytokine expression. SnVR1, containing a serigsootant

virulence factors, significantly stimulated total white blood cells (WB®) meutrophils

recruitment (respectively 6.52xD.44 and 4.19x180.43cells/pl) and the expression of cytokines
IL-18, TNF-a, IL-17, RANTES, KC, IL 12 (p70) and IL 12 (p40) (Figures 4 and 5). SnVR2 profile
differed from the one of SnVR1, being the effect of SnVR2 lower with respect to both
inflammatory cells recruitment (WBC 2.39+0.23%Ehd neutrophils 1.70+.0.22 x1€ells/ul) and
expression of the cited cytokines. SnVR2 showed a comparable effect on the relasid BS

and IL 12 (p40).

BALF was recovered also from IL-8 transgenic mice stimulated with 3a/¥&EM and SnVR2

+AZM in order to evaluate the effect of the antibiotic on the pro-inflammatamyitstof both
preparations. The challenge with SnVR1+AZM stimulated at a signifioamrllevel WBC and
neutrophils recruitment (respectively 4.07+0.39%40d 2.05+03.4 xTcells/pl) (Figure 4) and the
expression of the cytokines IB1IL-17, RANTES, KC and IL-12 (p70) but not that of TNFand

IL 12 (p40) in comparison with animals treated with SnVR1 (figure 5). A signifitifierence
between the stimulation caused by SnVR2 and SnVR2+AZM was not observed except for

RANTES and 1L12-(p40) level (Figure 5).
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CONCLUSIONS

The mechanisms and mediators that drive the induction and progressibrowic inflammation
and altered lung function in a series of human diseases are ngletglgnunderstood and this has
severely hampered the development of effective treatments [1., Ztt®ugh most of the animal
models do not exactly mimic human lung diseases and each modék lasn benefits and
deficiencies, animal modelling systems that accurately ctefieman disease pathophysiology
continue to be essential for the development and validation of pathogspécts and new
therapies. In most mammalian models, BINE-1p, and IL-8 are central components of a complex
cytokine network that initiates, amplifies, and sustains thenmflatory response in tissue [18].
Available evidence also supports the importance of this network in coordiaatibtginflammatory
responses within the lung. The mouse model used in this study, trgnsiansgenized with a
luciferase reporter gene under the control of the IL-8 bovine pronuate be easily employed for
monitoring the human lung inflammation due to the high similaritytiegjsbetween respiratory
diseases in ruminants and humans without the high costs and demandssioftaraintenance of
ruminant models [8].

In the present study, the IL8/luciferase mouse model has Ippdiadato thein vivo monitoring of
lung inflammation induced by virulence factors releasedPfydomonas aeruginosa and to the
evaluation of the anti-inflammatory action of AZM as an inhibitortlué synthesis of bacterial
factors involved in pathogenicity. Data here presented show tRateruginosa clinical strain,
isolated from early lung colonization in a CF patient, syntheglagdlla and biofilm and produced
and released pyocyanin and pyoverdine and proteins with metallo-gratetasty. The synthesis
and release of these virulence factors significantly deateagen bacteria were grown in the
presence of AZM. The pro-inflammatory effect of strain VR1 hanbshown in IL-8/luciferase
transiently transgenic mice by applying in vivo imaging and @&rrttonfirmed by the increase in
WBC and neutrophils recruitment and cytokine levels in the airwhysmsgenized mice. On the

contrary, the supernatant from bacteria grown in the presence of AZhdition associated with
14
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a much lower production of virulence factors, stimulated the inflaiwmpaesponse only at a very
reduced level. Similar low levels of IL-8 promoter activaticasvobserved when the supernatant of
the P. aeruginosa VR2 strain lacking the specific virulence factors, was ilestiln the airways of
IL-8/luciferase transgenized mice.

These data support the notion that the clinical benefits associated to AZiemeat CF patients
might be at least in part due to the lowering of the exoproduct synthesis induced fijbib&acin
bacterial cells.

Data obtained in this study demonstrate that the model &bkt functionally monitor in real
time the lung inflammatory response to bacterial products withnfl@mmatory activity and to
confirm and better understand the anti-inflammatory effect dhraritycin, an antibiotic frequently
used in cystic fibrosis. The non invasive nature of this mouse modéhambssibility for bIL-8-
luc transiently transgenized mice to be stimulated with bacf@oducts for long times [8] enables
the monitoring of a biological process longitudinally in the same enauns represents an obvious
advance for functional as well as pharmacological studies. Thel maglg be adapted and applied
to study the pathogenesis of lung inflammatory diseases suclysds fibrosis, to identify
bacterial/nonbacterial factors with pro-inflammatory actiatd to predict the possible therapeutic

effect of known and new molecules with a presumptive anti-inflammatory action.

Acknowledgements
This work was supported by Fondazione Fibrosi Cistica project number 18/2013 andhliaga It
Fibrosi Cistica (Italian Cystic Fibrosis League) through Venetméh - Associazione Veneta Lotta

contro la Fibrosi Cistica Onlus

15



365 REFERENCES

366 1.- Cohen-Cymberknoh M, Kerem E, Ferkol T, Elizur A. Airway inflammation incyirosis:
367 molecular mechanisms and clinical implicatiofisorax. 2013;68:1157-1162.

368 2.- Dhooghe B, Noél S, Huaux F, Leal T. Lung inflammation in cystic fibroatioBenesis and
369 novel therapiesClin Biochem. 2014;47:539-546.

370 3.- Nakou A, Papaparaskevas J, Diamantea F, Skarmoutsou N, Polychronopoulos V, Tsakris A.
371 A prospective study on bacterial and atypical etiology of acute exaocerbathronic obstructive
372 pulmonary diseasé&uture Microbiol. 2014;9:1251-1260.

373  4.- Folkesson A, Jelsbak L, Yang L, Johansen HK, Ciofu O, Hgiby N, Molin S. Adaptation of
374 Pseudomonas aeruginosa to the cystic fibrosis airway: an evolutionarygheesp&t Rev

375 Microbiol. 2012;10:841-851.

376 5.- Sagel SD. Noninvasive biomarkers of airway inflammation in cystic fibiGsrs Opin Pulm
377 Med. 2003;9:516-521.

378 6.- Starkey MR, Jarnicki AG, Essilfie AT, Gellatly SL, Kim RY, Brown AC, teo$S, Horvat JC,
379 Hansbro PM. Murine models of infectious exacerbations of airway inflamma&timnOpin

380 Pharmacol. 2013;13:337-344.

381 7.-Vlahos R, Bozinovski S. Recent advances in pre-clinical mouse models of GIDREc

382 (Lond). 2014;126:253-265.

383 8- Stellari FF, Franceschi V, Capocefalo A, Ronchei M, Facchinetti F, t/iBeDonofrio G. 2012.
384 In vivo imaging of transiently transgenized mice with a bovine interleukin 8 (BXCL

385 promoter/luciferase reporter construet.oSOne 2012;7(6): e39716.

386 9.- Ansaldi D, Hod EA, Stellari F, Kim JB, Lim E, Roskey M, Francis KP, Singhhiang N.

387 Imaging pulmonary NF-kappaB activation and therapeutic effects of MLN120BRAD-B. PLoS

388 One 2011; 6:e25093.

16


http://www.ncbi.nlm.nih.gov/pubmed?term=Cohen-Cymberknoh%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23704228
http://www.ncbi.nlm.nih.gov/pubmed?term=Kerem%20E%5BAuthor%5D&cauthor=true&cauthor_uid=23704228
http://www.ncbi.nlm.nih.gov/pubmed?term=Ferkol%20T%5BAuthor%5D&cauthor=true&cauthor_uid=23704228
http://www.ncbi.nlm.nih.gov/pubmed?term=Elizur%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23704228
http://www.ncbi.nlm.nih.gov/pubmed/23704228
http://www.sciencedirect.com/science/article/pii/S000991201300605X
http://www.sciencedirect.com/science/article/pii/S000991201300605X
http://www.sciencedirect.com/science/article/pii/S000991201300605X
http://www.sciencedirect.com/science/article/pii/S000991201300605X
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nakou%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25437187
http://www.ncbi.nlm.nih.gov/pubmed/?term=Papaparaskevas%20J%5BAuthor%5D&cauthor=true&cauthor_uid=25437187
http://www.ncbi.nlm.nih.gov/pubmed/?term=Diamantea%20F%5BAuthor%5D&cauthor=true&cauthor_uid=25437187
http://www.ncbi.nlm.nih.gov/pubmed/?term=Skarmoutsou%20N%5BAuthor%5D&cauthor=true&cauthor_uid=25437187
http://www.ncbi.nlm.nih.gov/pubmed/?term=Polychronopoulos%20V%5BAuthor%5D&cauthor=true&cauthor_uid=25437187
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tsakris%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25437187
http://www.ncbi.nlm.nih.gov/pubmed/25437187
http://www.ncbi.nlm.nih.gov/pubmed/23147702
http://www.ncbi.nlm.nih.gov/pubmed/23147702
http://www.ncbi.nlm.nih.gov/pubmed?term=Sagel%20SD%5BAuthor%5D&cauthor=true&cauthor_uid=14534405
http://www.ncbi.nlm.nih.gov/pubmed/14534405
http://www.ncbi.nlm.nih.gov/pubmed/14534405
http://www.ncbi.nlm.nih.gov/pubmed?term=Starkey%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=23566696
http://www.ncbi.nlm.nih.gov/pubmed?term=Jarnicki%20AG%5BAuthor%5D&cauthor=true&cauthor_uid=23566696
http://www.ncbi.nlm.nih.gov/pubmed?term=Essilfie%20AT%5BAuthor%5D&cauthor=true&cauthor_uid=23566696
http://www.ncbi.nlm.nih.gov/pubmed?term=Gellatly%20SL%5BAuthor%5D&cauthor=true&cauthor_uid=23566696
http://www.ncbi.nlm.nih.gov/pubmed?term=Kim%20RY%5BAuthor%5D&cauthor=true&cauthor_uid=23566696
http://www.ncbi.nlm.nih.gov/pubmed?term=Brown%20AC%5BAuthor%5D&cauthor=true&cauthor_uid=23566696
http://www.ncbi.nlm.nih.gov/pubmed?term=Foster%20PS%5BAuthor%5D&cauthor=true&cauthor_uid=23566696
http://www.ncbi.nlm.nih.gov/pubmed?term=Horvat%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=23566696
http://www.ncbi.nlm.nih.gov/pubmed?term=Hansbro%20PM%5BAuthor%5D&cauthor=true&cauthor_uid=23566696
http://www.ncbi.nlm.nih.gov/pubmed/23566696
http://www.ncbi.nlm.nih.gov/pubmed/23566696
http://www.ncbi.nlm.nih.gov/pubmed?term=Vlahos%20R%5BAuthor%5D&cauthor=true&cauthor_uid=24144354
http://www.ncbi.nlm.nih.gov/pubmed?term=Bozinovski%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24144354
http://www.ncbi.nlm.nih.gov/pubmed/?term=The+mechanisms+and+mediators+that+drive+the+induction+and+progression+of+chronic+inflammation%2C+emphysema+and+altered+lung+function+in+a+series+of+human+diseases
http://www.ncbi.nlm.nih.gov/pubmed/?term=The+mechanisms+and+mediators+that+drive+the+induction+and+progression+of+chronic+inflammation%2C+emphysema+and+altered+lung+function+in+a+series+of+human+diseases

389

390

391

392

393

394

395

396

397

398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

10.- Stellari FF, Lavrentiadou S, Ruscitti F, Jacca S, Franceschi V, CivellaMinCC, Villetti G,
Donofrio G. Enlightened Mannhemia haemolytica lung inflammation in bovinized WetRes.
2014, 45:8-13.

11.-Stellari FF, Sala A, Donofrio G, Ruscitti F, Caruso P, Topini TM, Francis K, Carnini C,
Civelli M, Villetti G. Azithromycin inhibits nuclear factoxB activation during lung inflammation:
an in vivo imaging studyPharmacol Res Perspect. 2014;2(5):e00058

12- Bergamini G, Di Silvestre D, Mauri P, Cigana C, Bragonzi A, De PalmamgaeL, Doéring
G, Assael BM, Melotti P, Sorio MudPIT analysis of released proteins in Pseudoaenginosa
laboratory and clinical strains in relation to pro-inflammatory efféntsegr Biol (Camb). C. 2012;
4:270-279.

13 - Molinari G, Guzman CA, Pesce A, Schito GC. Inhibition of Pseudomonas aeruginasacerul
factors by sub-inhibitory concentrations of azithromycin and other macrolidecdios. J
Antimicrob Chemother. 1993;31:681-688.

14.- Mizukane R, Hirakata Y, Kaku M, Ishii Y, Furuya N, Ishida K, Koga H, Kohno S, Yacohag
K. Comparative in vitro exoenzyme-suppressing activities of azithromypdm@ner macrolide
antibiotics against Pseudomonas aerugingsimicrob Agents Chemother. 1994;38:528-533

15.- Tateda K, Comte R, Pechere JC, Kohler T, Yamaguchi K, Van Delden C. Azithmomyci
inhibits quorum sensing in Pseudomonas aerugiodanicrob Agents Chemother. 2001,
45:1930-1933

16.- Doring G, Conway SP, Heijerman HG, Hodson ME, Hgiby N, Smyth A, Touw DJ. Antibiotic
therapy against Pseudomonas aeruginosa in cystic fibrosis: a European cobseriaspir J.
2000;16: 749-767.

17.- Institute of Laboratory Animal Resources Commission on Life Sciena#isnil Research
Council. Guide for the Care and Use of Laboratory Animals. National Acadexsg,RWashington,

D.C. 1996

17


http://www.ncbi.nlm.nih.gov/pubmed/22298109
http://www.ncbi.nlm.nih.gov/pubmed/22298109
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ishii%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=8203850
http://www.ncbi.nlm.nih.gov/pubmed/?term=Furuya%20N%5BAuthor%5D&cauthor=true&cauthor_uid=8203850
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ishida%20K%5BAuthor%5D&cauthor=true&cauthor_uid=8203850
http://www.ncbi.nlm.nih.gov/pubmed/?term=Koga%20H%5BAuthor%5D&cauthor=true&cauthor_uid=8203850
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kohno%20S%5BAuthor%5D&cauthor=true&cauthor_uid=8203850
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yamaguchi%20K%5BAuthor%5D&cauthor=true&cauthor_uid=8203850
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yamaguchi%20K%5BAuthor%5D&cauthor=true&cauthor_uid=8203850
http://www.ncbi.nlm.nih.gov/pubmed/?term=K%C3%B6hler%20T%5BAuthor%5D&cauthor=true&cauthor_uid=11353657
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yamaguchi%20K%5BAuthor%5D&cauthor=true&cauthor_uid=11353657
http://www.ncbi.nlm.nih.gov/pubmed/?term=Van%20Delden%20C%5BAuthor%5D&cauthor=true&cauthor_uid=11353657
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hodson%20ME%5BAuthor%5D&cauthor=true&cauthor_uid=11106223
http://www.ncbi.nlm.nih.gov/pubmed/?term=H%C3%B8iby%20N%5BAuthor%5D&cauthor=true&cauthor_uid=11106223
http://www.ncbi.nlm.nih.gov/pubmed/?term=Smyth%20A%5BAuthor%5D&cauthor=true&cauthor_uid=11106223
http://www.ncbi.nlm.nih.gov/pubmed/?term=Touw%20DJ%5BAuthor%5D&cauthor=true&cauthor_uid=11106223

414

415

416

417

418

419

420

421

422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

18.- Hurley K, Mehta A, Cox S, Ryan D, O'Neill SJ, Reeves EP, McElvaneBRI@in DAJ.
Airway inflammatory markers in individuals with cystic fibrosis and nonicyst

fibrosis bronchiectasisl.nflamm Res. 2013; 6:1-11.

Figurelegends

Figure 1. Protease activity of cell-free supernatants fieseudomonas aeruginosa grown in the
presence and the absence of azithromycin.

MMPsense 750 FAST was added to supernatants from VR1 and VR2 strains grown irepsesenc
absence of AZM (SnVR1 + AZM and SnVR2 + AZM) concentrated 1X, 10X and 30X. IVIS
imaging system has been used to quantify the time course of the fluoref2atacerere expressed
as induction folds over baseline (bacterial growth medium TSB). Resultspamted as mean +

SEM and significance attributed when P<0.05 (*) or P<0.01(**).

Figure 2. Analysis of metalloproteases activity in VR1 and VR2 bacterial lyseté<ulture
supernatants. MPs activity in lysates (2A) and supernatants (2B) from VR/R&nd
Pseudomonas aeruginosa strains grown with and without azithromycin, as shown by zymography

assay.

Figure 3.- In vivo imaging of lung inflammation induced By aeruginosa culture supernatants on
IL-8 transiently transgenic mice

A) Representative images of mice (n = 3 per group) transiently tranedemith blL-8-Luc and
intratracheally instilled with bacterial cell-free 1X, 3X, 10X and 30X sugamsfrom VR1. The
growth medium TSB was used as a control. Mice were monitored at 4, 24 and 48 hours post

stimulation by BLI drawing a region of interest (ROI) over the chest.
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B) Representative images of mice (n = 8 per group) transiently transgj@nibebIL-8-Luc and
intratracheally instilled with bacterial cell-free, 10X supernatémoits VR1 and VR2 strains grown
in presence or absence of AZM (VR1 = AZM and VR2 + AZM). The growth medium T&B w
used as a control. Mice were monitored at 4, 24 and 48 hours post stimulation by BLI drawing
region of interest (ROI) over the chest.

Data are also presented as light intensity quantification of the ROI usihgythgimage software.
The experiment was repeated 3 times and each point represents the mean + standdi@ e
animals. Data were expressed as folds of induction (FOI) over baselinty atteach mice and
statistical differences were tested by One Way ANOVA followed by Btsipost hoc test for
group comparisons. Results are reported as mean + SEM and signifitebaeedtwhen P<0.05

(*) or P<0.01(**).

Figure 4.- Immune cell recruitment during lung inflammation cause®.lgeruginosa

supernatants. Cellular infiltration into the lung of mice intratrach&asiylled with bacterial cell-
free 10X supernatants from VR1 and VR2 strains grown in presence or absAZdé Of/R1 +

AZM and VR2 + AZM). TSB is the bacterial growth medium and was used as a control. The
amount of white blood cells and neutrophils found in BALF was expressed as nhumber pércells
ul at 24 hours post treatment. The experiment was repeated 3 times and each poamtsepiees
mean + standard error of 8 animals. Results are reported as mean £ SEM dicdrsignattributed

when P <0.05 (*) or P <0.01(**).

Figure 5. Cytokines concentration in mice bronchial lavage fluid after stimulationRvith
aeruginosa culture supernatants. Cytokine levels in BALF of IL-8 transgenized mice 24 litarrs a
intratracheally challenge with bacterial cell-free supernatmom VR1 and VR2 strains grown in
presence or absence of AZM (VR1 + AZM and VR2 = AZM). Data were expresseltiaof

induction (FOI) over the control (bacterial growth medium TSB) The experiwesntepeated 3
19



466

467

468

469

470

times and each point represents the mean + standard deviation of 8 animals. Remptyri@d as

mean £ SEM and significance attributed when P <0.05 (*) or P <0.01(**).
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Virulence factors and phenotypes

P. aeruginosa strain

P. aeruginosa strain

P. aeruginosa strain

P. aeruginosa strain

VR1 VR1 + AZM VR2 VR2 + AZM
Metallo-proteases +++ + - -
pg/ml 0,29 0,16 0,12 0,13
Pyocianin Relative conc. 0,048 0,026 0,020 0,022
(OD550/0D600)
Pyoverdine pg/ml 2,63 0,00 0,13 0,06
Relative conc. 0,103 0,00 0,005 0,002
(OD550/0D600)
Colour Green Light brown Light brown Light brown
Mucoidy No No Yes Yes
Colony phenotype Edges Jagged Jagged Regular Regular
Morphology Swarming Swarming Round Round
Biofilm production +++ ND ++ ND
Twiching ([J cm) 0,8 0,7 0,6 0,8
Swimming (L) cm) 2,3 1,2 0,5 0,5
Swarming ([ cm) 1,6 1,2 0,3 0,4
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