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1. Introduction:

Pseudomonas aeruginosa (PA) is one of the leading cause of nosocomial pneumonia in
immunosuppressed and ICU patients (Kollef et al., 2014) ; PA is also the main cause of chronic
respiratory infection in Cystic fibrosis patients (Lyczak et al., 2002). Due to increasing resistance to
antibiotics with emergence of multidrug resistant bacteria strains, it is imperious to find out an

alternative to antibiotics to treat bacterial infections.

Alveolar epithelial cells are the key players in the defense against pathogens (Fehrenbach, 2001)
(Leiva-Judrez et al., 2017). Not only epithelial cells constitute a physical barrier against bacteria, but
they also sense pathogens via their Pathogens Recognizing Receptors and secrete chemokines,

cytokines and anti-microbial peptides (AMPs) to initiate immune response (Thorley et al., 2011).

Interleukin (IL-) 22 belongs to the IL-10 family and acts primarily on epithelial cells as they are the
only cell type to express the IL-22R subunit IL-22RA1 (Wolk et al., 2002). IL-22 restricted action on
epithelial cells places this cytokine at the bridge between the immune system and epithelial surfaces
(Witte et al., 2010; Zenewicz and Flavell, 2011). IL-22 action is dependent of the host inflammatory
status as it may be either deleterious, i.e. in psoriasis (Martin et al., 2017; Sabat et al., 2013; Zheng et
al., 2007), or beneficial against pathogens (Eidenschenk et al., 2014). In the lungs, IL-22 was
originally described to enhance the production of antimicrobial peptides (AMPs) such as [-defensin 2
(BD2) (Wolk et al., 2006) and had been shown to be protective against S. pneumonia (Trevejo-Nunez
et al., 2016), and K. pneumonia (Aujla et al., 2008) infection. Interestingly, PA actively impaired IL-
22-mediated mucosal defense (Guillon et al., 2016) and we previously showed a transient increase of
IL-22 and demonstrated a beneficial role of this cytokine during a PA acute pneumonia model in mice

as IL-22 levels are negatively correlated to lung damages (Broquet et al., 2017).

Type-III interferons, also named IFN-A 1-4 in humans or IL-28/IL-29 in mice, are cytokines belonging
to the same IL-10 cytokine family than IL-22. In respiratory tract, human myeloid and epithelial cells

produce IFNA upon stimulation (Lazear et al., 2015). IFN-A members and IL-22 share the same IL-

3



68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

10R[B chain of their heterodimeric receptor (Sheppard et al., 2003). Protective functions of IFN-A
members have extensively been documented during antiviral host response (Andreakos et al., 2018;
Lazear et al., 2015) and the role of this cytokine family emerged during bacterial infection (Syedbasha
and Egli, 2017). Recent works highlighted the role of IFN-A during bacterial infection in epithelial
defense by promoting epithelial integrity, preventing bacterial spread (Odendall et al., 2017) and
reducing neutrophil accumulation (Galani et al., 2017). In the context of PA pneumonia, Cohen et al.
previously showed an IFN-A induction in the broncho-alveolar fluid of infected mice (Cohen and
Prince, 2013a). In the present work, we hypothesized that IL-22 may regulate IFN-A expression during
P. aeruginosa pneumonia. exert-its-proteetive-effectstrough-induction-of HEN-A. We first showed, in
vitro, that IL-22 stimulation of epithelial cells infected with PA enhanced IFN-A expression. We also
observed, in vivo, that IL-22 administration or neutralization is associated with an increase or a
decrease of IFN-A during pneumonia. We finally addressed the beneficial role of IFN-A in vivo. IFN-
A2 administration resulted in a significant improvement of mouse clinical score and lung histology
associated with a dampening of the neutrophil recruitment at the site of infection, highlighting the

beneficial roles of IL-22 and IFN-A during bacterial pneumonia and-theirsynergistic-action.
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2. Materials and Methods:

2.1. Bacterial strains, cell line and mice

P. aeruginosa (PA) PAO1 and PAO1-GFP were grown in Brain Heart Infusion broth overnight at
37°C under agitation. Immediately before use, the bacterial pellet was washed twice with PBS and the
inoculum was calibrated by nephelometry at 10° colony-forming unit (CFU)/mL. Human alveolar
epithelial cell line A549 (mycoplasma free) were obtained from Dr Vié (Nantes, France) and
maintained in RPMI 1640 (ThermoFisher Scientific) complemented with 10% heat-inactivated fetal
bovine serum, Penicillin (100 U/mL), Streptomycin (100pg/mL) and 1% L-Glutamine. Cells were
maintained at 37°C under a humidified atmosphere of 5% CO?2 in air. Depending on experiments, cells
were seeded in culture 12 wells or 24 wells plate at a density of 10° cells/mL and 5.10° cells/mL
respectively. Eight-to-ten-week-old pathogen-free female RjOrl:SWISS mice (weight, 29-32 g) were
purchased from Janvier Laboratories (Le Genest Saint Isle, France). Mice were maintained on a 12-
hour light/dark cycle with access to food and water ad libitum. The animals were treated in accordance
with institutional policies and the guidelines stipulated by the animal welfare committee. Experimental
procedures were approved by the Animal Ethics Committee of the Pays de le Loire (APAFIS

authorization #9124-2017022317236247-v2).

2.2. Cells treatment and Infection

Cells were starved overnight before infection. All infections were performed in antibiotic-free medium
at a multiplicity of infection (MOI) 1:1 or 10:1 (bacteria load). Cells were stimulated with human
recombinant IL-22 at 100 ng/mL (Miltenyi Biotec, Paris, France). Cells were infected during 2h with
IL-22 co-treatment then supernatant was removed and replaced by new media containing 200ug/mL of

gentamicin until 24h post-infection.

2.3. Bacterial load

For bacterial load assessment, serial dilutions of supernatants were performed and incubated at 37°C.

After 24 h of incubation, viable counts were expressed as the mean+SD logio CFU/mL.
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2.4. Cells lysis and Immunoblotting

Cells were washed twice with cold PBS then lysed in RIPA buffer (Cell Signaling Technology, The
Netherland), with phosphatase and Protease inhibitors cocktails (Sigma, St Quentin Fallavier).
Proteins were quantified with BCA protein assay kit (ThermoFisher Scientific) and separated in SDS-
acrylamide gel (40 pg per lane, 10% TGX Precast Gel, Bio-Rad), and transferred to nitrocellulose
membrane before 1 hour saturation at room temperature under agitation in TBS, BSA 5%, 0.1%
Tween 20 (Sigma, St Quentin Fallavier, France). Membranes were incubated with primary rabbit anti-
phospho-STAT-3 or STAT3 antibody (Ab) (1:1000, Cell Signaling Technology). Membranes were
then incubated with secondary anti-rabbit HRP antibody (1:1000 Cell Signaling) for 1h at RT and with
the SuperSignal West Pico PLUS kit for 5 min (ThermoFisher Scientific). Immunoreactives bands

were visualized with the Azure c500 instrument (Azure Biosystems).

2.5. STAT3 phosphorylation in A549 by flow cytometry

STATS3 phosphorylation was assessed using BD Phosflow kit according to manufacturer’s instructions
(BD Bioscience) using an alexaFluor488-conjugated anti-phospho-STAT3 antibody. Data acquisition

was realized on viable single cells using an Accuri C2 cytometer (BD Bioscience).

2.6. Human cytokines quantification by Enzyme-Linked ImmunoSorbent Assay (ELISA)

All human ELISA kits were from ThermoFisher Scientific unless otherwise indicated. Harvested
supernatants were centrifuged 20 min at 4°C at 12000g and stored at -80°C before, 1L-8, IL-22, IFN-

A2 quantification by ELISA according to the manufacturer’s instructions.

2.7. RNA extraction and Reverse Transcriptase Polymerase Chain Reaction (RT-PCR)

2h post-infection cells were washed twice with cold PBS then harvested and total RNA was extracted
with High Pure RNA Tissue Kit (Roche Diagnostic) according to manufacturer’s recommendations.
1ug of RNA was used for Reverse Transcription in cDNA using Transcriptase III kit (Invitrogen,
Villebon Sur Yvette, France). Quantitative real time PCR was performed with Maxima SYBR

Green/ROX gPCR kit (ThermoFisher Scientific). Relative mRNA expression levels were quantified
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using the 2"22° method with normalization to actin gene expression. Primer sequences (Sigma) are

listed in supplemental digital content table 1.

2.8. Confocal Microscopy

A549 cells were seeded in Lab-Tek chambers (ThermoFisher Scientific) at a density of
5.10°cells/mL/well and infected with PAO1-GFP strain. Following 4h of infection, cells were washed
twice with cold DPBS, fixed 10 min with PFA 4% (Sigma) and permeabilized with 0.1% Triton X100
(Sigma) for 10 min. Cells were stained with a mouse anti-IL-22RA (ThermoFisher Scientific) primary
antibody overnight at 4°C following AlexaFluor 647 conjugated anti-mouse secondary antibody
(ThermoFisher Scientific). B-actin and nuclei were respectively stained with AlexaFluor 568
phalloidin (ThermoFisher Scientific) 30 min at room temperature and DAPI (ThermoFisher
Scientific) 10 min. Prolong fade (ThermoFisher Scientific) mounted slides were monitored by
confocal microscopy (Carl Zeiss, Oberkochen, Germany). Captured images were analyzed with Fiji

software.

2.9. Murine AEC flow cytometry

Lungs were removed and digested 45’ at 37°C in RMPI-BSA 0,1% containing 0,7% type-3
collagenase (Worthington, Freehold, USA) and 0,1% DNase I (Sigma Aldrich). After red blood cell
lysis (BioLegend), cells were incubated 40 with the following antibodies: CD45-FITC (clone 30-F11.
BD Bioscience), CD31-brilliant violet 605 (clone 390. BD Bioscience), T1-a-APC (clone 8.1.1.
BioLegend) and Ep-Cam (CD326)-PeCy7 (clone G8.8. BioLegend), IL-22RA1-PE (clone 496514,
Bio-Techne) and rat IgG2a,k-PE isotype control (clone eBR2a . ThermoFisher Scientific). Samples
were acquired on LSR-II (BD Bioscience) and analyzed using Flowjo Software (TreeStar Inc). Single
lived cells were gated as CD45"¢ CD31"¢ Ep-Cam®* T1-aP* type-I AECs (ATI), CD45"¢ CD31"¢

Ep-Cam?® T1-a"¢ type-1l AECs (ATII) and CD45"¢ CD31"¢ Ep-Cam™# (non AECs).

2.10 Mouse pneumonia and treatment

Under anesthesia, mice were placed in dorsal recumbency and a transtracheal insertion of a 24-gauge
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feeding needle was performed to inject 75uL of a bacterial suspension adjusted to 10® CFU/mL
(7,5x10° CFU/mouse). 50lg of neutralizing IL-22 (Broquet et al., 2017) or IFN-A2 (Bio-Techne)
antibodies (and their respective isotype control) were i.v. administrated 16 hours before the induction
of pneumonia. 1pg of rIL-22 (Miltenyi, diluted in PBS-BSA 0,1%) or rIL28A (referred in the text as
IFNA2. Biotechne, diluted in PBS-BSA 0,1%) or PBS-BSA 0,1% (vehicle control) was administrated
intra-tracheally at the time infection and 8 hours post infection. Mouse body weight was evaluated
daily and lungs were collected at 24 hours post infection for subsequent analysis. For histology, lungs
were inflated with ImL of 4% formalin and processed for hematoxylin / eosin and neutrophil (Ly6-G)
staining as previously described. Bacteria loads and IL1[3 level quantification in the lung homogenates
were performed as previously described (Broquet et al., 2017). For Bronchoalveolar Fluid (BALF)
analysis, euthanized mice were put in dorsal recumbency and the tracheas were exposed. A 22-gauge
catheter was inserted in the trachea and the lungs were washed 3 times with 1 mL of cold PBS. IFN-A2
quantification was performed in BALF by ELISA following manufacturer’s instructions

(ThermoFisher Scientific).

2.11. Statistical analysis

Data were analyzed by Kruskal-Wallis test for multiple group comparisons using the GraphPad Prism
software (La Jolla, CA. United States). Dunn’s multiple comparison test was used as post hoc test for

intergroup comparisons. p< 0.05 was considered statistically significant.
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3. Results

3.1. Type-II AECs, not type-I AECs express IL-22RA1 in normal and PAO1-infected conditions

IL-22RA1 expression is restrained to non hematopoietic cells such as endothelial and epithelial cells.
Using flow cytometry, we demonstrate, that within AECs, IL-22RA1 expression is restricted to type-II
AECs (ATII) in lungs of non-infected and PAO1-infected mice (figurela). Using a human ATII cell
line in vitro (A549 cells), both uninfected and PAOI-infected cells express IL-22RA1 as shown by
confocal microscopy (figure 1b) and PAO1-infection does not modify IL-22RA1 mRNA expression

(figure 1c).

3.2. IL-22 signaling is functional in A549 cells during PAO1 infection

A549 cells incubation with IL-22 shows a rapid and transient STAT3 phosphorylation in uninfected
A549 cells (figure 2a) similar to the observation of Whittington et al. (Whittington et al., 2004),
demonstrating the functionality of the IL-22RA1 signaling pathway in this cell line. Interestingly, PA
infection does not interfere with IL-22RA1 signaling as a similar STAT3 phosphorylation rate is

observed in infected- compared to uninfected-cells in IL-22 condition (figure 2b).

IL-22/STAT3 pathway is known to drive the expression of antimicrobial peptides (Li et al., 2015;
Moyat et al., 2017). IL-22 incubation on A549 cells during infection enhances Regl-a and BD2
compared to infection alone (figure 2c) without decreasing bacterial load in vitro (figure 2d). We
previously demonstrated that IL-22 levels are negatively correlated to IL-8 expression in A549 cells
and during a mouse pneumonia model (Broquet et al., 2017). Consistent with our previous findings,
IL-22 treatment during infection decreases IL-8 production during PAO1 infection at the mRNA and

protein levels (figure 2e, left and right panel respectively).

3.3. IL-22 regulates IFN-A expression by A549 cells during infection

Member of the IFN-A family (IFN-A1-3) have been suggested to play a role in the reinforcement of
epithelial barrier during bacterial infection (Odendall et al., 2017) and IL-22 administration enhanced
IFN-A expression in intestinal viral infection (Xue et al., 2017). We, then, assess the ability of IL-22 to

9
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increase IFN-A expression in A549 cell line. IL-22 significantly induces all IFN-A member mRNA
expression in PAO1-infected A549 cells (figure 3a-b). IFN-A2 increased is confirmed by ELISA in
which IL-22 administration leads to detectable IFN-A2 protein level only in PA-infected A549 cells
(figure 3c). In a murine pneumonia model, IFN-A expression increases after 3 hours with a return to
baseline at 24h (figure 3d. white bars), similar to the observation of Cohen et al (Cohen and Prince,
2013a). Interestingly, in mice intratracheally treated with IL-22, the IFN-A drop at 24 hours was no
longer observed compared to PBS-treated animals suggesting that IL-22 treatment maintains high
levels of IFN-A during infection (figure 3d. Grey bars). To confirm that IL-22 may play a role on IFN-
A levels in vivo, we depleted mice on IL-22 in the lungs using a neutralizing antibody approach. We
previously showed that such approach led to a significant decrease of IL-22 in the lungs (Broquet et
al., 2017). Interestingly, in vivo IL-22 neutralization completely abolished IFN-A up-regulation during
PA pneumonia (figure 3e). Altogether these data strongly suggest that IL-22 may modulate IFN-A

levels in the lungs.

3.4. In vivo IFN-)\ administration dampens lungs inflammation during bacterial pneumonia

To assess the IFN-A protective functions during PA pneumonia, we evaluated the impact of IFN-A2
treatment in mice during PAO1 pneumonia. IFN-A2 administration significantly reduces the body
weight loss (figure 4a) and improved the mouse clinical score (figure 4b), without bacterial load
reduction in the lungs (figure 4c). IFN-A2 treatment led to a decrease of the alveolar spaces shrinking
during infection (figure 4e) associated with fewer infiltrated cells in the alveoli (figure 4d). To confirm
that IFN-A2 decreased cell infiltrate, we quantified neutrophil accumulation following infection. IFN-
A2 administration at the time of infection is associated with a decrease of neutrophil recruitment
(figure 4f and g) and IL-1[3 level decrease in the lungs (figure 4h) highlighting the anti-inflammatory
properties of IFN-A2 during bacterial pneumonia. In the same manner, IFN-A2 neutralization induced
a dramatic increase of IL-1f3 in the lungs (figure 5a) associated with an aggravated lung damages
(figure 5b). Not surprisingly, IFN-A2 neutralization does not impaired beneficial rIL.-22 treatment
during pneumonia as shown by IL1-B reduction levels compared to untreated mice (figure 5a) and

10
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4. Discussion

Our results can be summarized as follow: IL-22 increases the expression of IFN-A by AECs upon
infection in vitro. In vivo, IL-22 administration is associated with an increase of IFN-A in the lungs
whereas IL-22 neutralization abolished IFN-A up-regulation during PA infection; these in vivo data
suggest that [L-22 may modulate IFN-A levels in vivo. This IL.-22 effect on IFN-A levels might be of
interest as IFN-A administration display protective functions in a mouse model of PA pneumonia

(decrease of neutrophils influx and IL-1f3 levels).

Only few cells (non hematopoietic lineage), among them AECs, can respond to IL-22 due to IL-
22RA1 restriction of expression. We demonstrate for the first time that among AECs, type-II AEC
(ATII) are the only responsive cells to IL-22 stimulus in the lungs of mice. IL-22 modulates host
immunity by increasing the production of AMPs and dampening host damages (neutrophil influx, IL-
1B levels). The present results confirm our previous findings showing that IL-22 decreases the
production of neutrophil-chemoattractant MIP-2, and this alteration was correlated with a decrease of

neutrophil recruitment at the site of infection (Broquet et al., 2017).

The interferon family is composed of 3 subgroups (type I, II, and III) which signal through STAT
transcriptions factors inducing the expression of over 300 IFN dependent genes (Egli et al., 2014). The
type III IFN-A receptor is abundantly expressed in the lungs and was demonstrated to be very
important for host defense against virus. However, endogenous IFN-A role during bacterial infection
remain uncertain. Type III IFN was also demonstrated to kill the intracellular bacteria Listeria
monocytogenes along with a reduction of colonization of the spleen and liver (Lebreton et al., 2011).
Very few data are available concerning the role of IFN-A in the defense of the host against
extracellular bacterial infections (Cohen and Prince, 2013a). Nonetheless, the effects of IFN-A such as
maturation or differentiation of DC, upregulation of MHC I and II, production of NFKB dependent
cytokines are relevant to the immune response of extracellular bacterial infections (Gallagher et al.,
2010; Koltsida et al., 2011; Pekarek et al., 2007). In accordance with these data, the current results
clearly show a beneficial role of intra-tracheal IFN-A2 administration during a PA pneumonia model

12
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along with a dampening neutrophil recruitment whereas IFN-A2 neutralization dramatically increase
IL-13 levels in mice. This is consistent with previous studies showing similar effect of IFN-A in
allergic asthma and collagen-induced arthritis models (Blazek et al., 2015; Yan et al., 2017). Similar
with our findings, Blazek et al, in an arthritis model, showed anti-inflammatory effect of IFN-A1
through reduction of the recruitment of IL-1[3 expressing neutrophils (Blazek et al., 2015). However,
our findings are in discrepancy with the results of Cohen et al. who observed a decrease of lung
inflammation following PA pneumonia in IFN-A receptor (IFNAR) knock-out (KO) mice (Cohen and
Prince, 2013b). IFN-AR KO mice had a significant higher IL-22 expression in the lungs at the baseline
or following influenza infection (Planet et al., 2016) suggesting a compensatory mechanism in these
animals. This could explain the contradictory results observed between wild-type in our study and
IFN-AR knock-out mice during PA infection. IL-22 neutralization completely abolished the increase of
INF-A levels during infection. IL-22 levels during PA pneumonia seems critical as PA proteolytically
degrades IL-22 (Guillon et al., 2016) which may lead to a decrease of IFN-A in infected tissues. The
use of exogenous IL-22, to counteract IL-22 degradation by the bacteria, led to an improvement of
lung damages (Broquet et al., 2017) correlated with an increase of IFN-A. We previously showed that
IL-22 level in the lungs is inversely correlated to neutrophil accumulation during PA pneumonia
(Broquet et al., 2017). According to Guillon et al, we may hypothesize that IL-22 degradation by PA
led to a decrease of IFN-A in the tissue with the consequence of an overwhelming neutrophil
accumulation. We, thus, observe in vitro and in vivo, for the first time, the ability of IL-22 to enhance
IFN-A expression in the BALF strengthening the link between IL-22 and IFN-A. Interestingly,
Hernédndez et al. described a beneficial and synergistic effect of IL-22 and IFN-A administration in a
mouse rotavirus infection model. In their study, IL-22 protection was dependent on IFN-A expression,
and combined IL-22 and IFN-A administration enhances expression of Interferon-stimulated genes
(ISGs) protecting epithelial cells against viral replication (Herndndez et al., 2015). In our mouse
model, we hypothesized a dependency of expression of IFN-A to IL-22 during PA infection. This is of
importance as recent literature highlighted the role of IFN-A during innate and adaptive immune

responses (Ye et al., 2019). However, in our model, IFN-A2 neutralization in vivo did not alter the
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ability of TL.-22 to minor IL-1[3 levels suggesting that IL.-22 may alos display some protective effect in
an TFN-A independent manner. Exact contribution of IFN-A during bacterial pneumonia remains
unclear, as recognition of cells producing this cytokine is a matter of debate. On one hand, AEC
(Sommereyns et al., 2008), macrophages (Wolk et al., 2008) and neutrophils (Blazek et al., 2015) have
been found to be responsive to IFN-A. On the other hand, AECs and mono-derived dendritic cells have

been described as a source of IFN-A in vitro (Kotenko et al., 2003).

In conclusion, this study reveals new properties of IL-22 during bacterial pneumonia by its ability to
impact on IFN-A during bacterial pneumonia. This result may prove important since IFN-A2

demonstrate a clinical and histological beneficial role in a mouse model of PA pneumonia.
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Figure legend:

Figure 1: IL-22 signaling is not altered during PAO1 infection in type-II AECs.

[a] IL-22RA1 expression on single CD45,.; CD3 1, lived cells in the lungs by flow cytometry. ATI:
Type-1 Alveolar epithelial cells gated as Ep-Campos T1-0pos. ATIL: Type-II Alveolar epithelial cells
gated Ep-Campos T1-0lnee. Non AECs gated Ep-Cam,e,. Dashed line: isotype control Ab. Solid line: IL-
22RA1 Ab in sham mice. Filled histogram: [L-22RA1 in infected mice. [b] Confocal microscopy of
non-infected (upper panel) and 4h PAO1-infected A549 cells (lower panel). Blue: nuclei, red: [3-actin,
white: IL-22RA1, green: PAOI1-GFP. Magnification x40. Bar = 25um. [c] IL-22RA1 mRNA
expression by real-time PCR from PAOl-infected A549 cells treated or not with IL-22. Boxes

represent median (interquartile range). n.s.: not significant.

Figure 2: IL-22 incubation modulates cell response to infection

[a] Western blot of phospho-STAT3 expression from non-infected and PAOIl-infected A549 cells
treated or not with IL-22. [b] p-STAT3 evaluation in 15 minutes infected-A549 by flow cytometry.
Dot plots: left: non infected; middle: IL-22 alone; right: IL-22 + PAOI. Right histogram: Percent of
A549 expressing p-STAT3 following treatment [c] Regl-0 and B-defensin-2 mRNA expression by
real-time PCR from 2h PAOI-infected A549 cells treated or not with IL22. Boxes represent median
(interquartile range). [d] Bacterial load in supernatant from 24h PAOI-infected A549 cells treated or
not with IL-22. Boxes represent median (interquartile range). Dashed bar: detection threshold [e] IL-8
mRNA relative expression from 2h PAO1-infected A549 cells treated or not with IL-22 (left panel)
and IL-8 protein levels by ELISA from 24h PAOI-infected A549 cells treated or not with IL-22 (right
panel. sensitivity limit: 2pg/mL). Boxes represent median (interquartile range). Data are representative

of two independent experiments. *: p<0.05 **: p<0.001.

Figure 3: IL-22 enhanced IFN-A expression in PAO1 infected cells
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[a-b] IFN-A1 and IFN-A2/3 mRNA relative expression from 2h PAO1-infected A549 cells treated or
not with IL-22. Boxes represent median (interquartile range). [c] IFN-A2 protein levels from 24h
PAOTl-infected A549 cells treated or not with IL-22 (dashed line: sensitivity limit 15,6pg/mL). Boxes
represent median (interquartile range). n.d. : not detected. Data are representatives of two independent
experiments. [d] IFN-A2 quantification by ELISA in BALF of infected mice treated or not with IL-22
(sensitivity limit: 0,3pg/mg of proteins). [e] IFN-A2 quantification by ELISA in BALF of infected
mice treated or not with neutralizing anti-IL-22 antibody. Boxes represent median (interquartile

range). n=5 per group. *: p<0.05 **: p<0.001

Figure 4: In vivo IFN-A2 administration improves mice outcome and dampens neutrophil
recruitment during infection.

[a] Daily body weight evaluation of infected mice vehicle- or IFN-A2-treated. [b] Mouse clinical
score of 24h-infected mice vehicle- or IFN-A2-treated. [c] Bacterial counts (expressed in logio colony-
forming units (CFU)/gram of organ) in the lungs of 24h-infected mice vehicle-treated or IFN-A2-
treated. Data are representative of two independent experiments. Dashed line: threshold limit [d — left
panel] Lung histological analysis from PAO1 infected mice 24h vehicle-treated (upper panel) or IFN-
A2-treated (lower panel). Magnification x40. Bar = 25um. [d — right panel]. [e] Alveolar space
quantification by SIOX analysis of histology slides presented in d (3 mice per group. 4 fields per
slide). [f] Ly6-G IHC of lung section from 24h-infected PAO1 mice vehicle-treated (upper panel) or
IFN-A2-treated (lower panel). Magnification x40. Bar = 25um. [g] Quantification of Ly6-G positive
pixels surface area by SIOX analysis of the slides presented in f. (3 mice per group. 4 fields per slide).
[h] IL-1B concentration assessment by ELISA in lung homogenates of 24h infected mice vehicle-
treated or IFN-A2-treated (sensitivity limit: 0,1pg/mg of proteins). Boxes represent median
(interquartile range). Data are representative of two independent experiments. a,b, f and g: n=5 per

group. ¢, d and h: n=3 per group. n.s.: not significant. *: p<0.05 **: p<0.001.

Figure 5: IFN-A neutralization does not significantly impair IL-22 protective action during

pneumonia.
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354  [a] IL-1P concentration assessment by ELISA in BALF. a: n=6 per group. [b] Lung histological
355  analysis from PAOI infected 24h vehicle treated (upper left panel) or treated with rIL-22 (upper right
356  panel), anti-IFN-A2 (lower left) or in combination (lower right panel). Magnification x20. Bar =
357  100pm. b: n=3 per group. Boxes represent median (interquartile range). Data are representative of two

358 independent experiments. *:p<0,05, **: p<0,01, ***: p<0,001.
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Figure 1: IL-22 signaling is not altered during PAO1 infection in type-Il AECs.

[a] IL-22RA1 expression on single CD45,,, CD31 ., lived cells in the lungs by flow cytometry.
ATI: Type-l Alveolar epithelial cells gated as Ep-Cam . Tl-o . ATIl: Type-ll Alveolar
Dashed line: isotype

epithelial cells gated Ep-Cam__.. T1-a___. Non AECs gated Ep-Cam

pos neg" neg*

control Ab. Solid line: IL-22RA1 Ab in sham mice. Filled histogram: IL-22RA1 in infected mice.
[b] Confocal microscopy of non-infected (upper panel) and 4h PAO1l-infected A549 cells
(lower panel). Blue: nuclei, red: B-actin, white: [L-22RA1, green: PAO1-GFP (arrow).
Magnification x40. Bar = 25um. [c] IL-22RA1 mRNA expression by real-time PCR from PAO1-
infected A549 cells treated or not with IL-22. Boxes represent median (interquartile range).
n.s.: not significant.
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Figure 2: IL-22 incubation modulates cell response to infection

[a] Western blot of phospho-STAT3 expression from non-infected and PAO1-infected A549 cells
treated or not with IL-22. [b] p-STAT3 evaluation in 15 minutes infected-A549 by flow cytometry.
Dot plots: left: non infected; middle: IL-22 alone; right: IL-22 + PAO1. Right histogram: Percent of
A549 expressing p-STAT3 following treatment [c] Regl-a and B-defensin-2 mRNA expression by
real-time PCR from 2h PAO1-infected A549 cells treated or not with IL22. Boxes represent median
(interquartile range). [d] Bacterial load in supernatant from 24h PAO1-infected A549 cells treated
or not with IL-22. Boxes represent median (interquartile range). Dashed bar: detection threshold
[e] IL-8 mRNA relative expression from 2h PAO1-infected A549 cells treated or not with IL-22 (left
panel) and IL-8 protein levels by ELISA from 24h PAO1-infected A549 cells treated or not with
IL-22 (right panel. sensitivity limit: 2pg/mL). Boxes represent median (interquartile range). Data

are representative of two independent experiments. *: p<0.05 **: p<0.001.
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Figure 3: IL-22 enhanced IFN-A expression in PAO1 infected cells

[a-b] IFN-A1 and IFN-A2/3 mRNA relative expression from 2h PAO1-infected A549 cells treated
or not with IL-22. Boxes represent median (interquartile range). [c] IFN-A2 protein levels from

24h PAO1-infected A549 cells treated or not with IL-22 (dashed line: sensitivity limit 15,6pg/
not detected. Data are

mL). Boxes represent median (interquartile range). n.d.

representatives of two independent experiments. [d] IFN-A2 quantification by ELISA in BALF of
infected mice treated or not with IL-22. n=5 per group. [e] IFN-A2 quantification by ELISA in
BALF of infected mice treated or not with neutralizing anti-IL-22 antibody. n= 4-5 per group

Boxes represent median (interquartile range)*: p<0.05 **: p<0.001
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Figure 4: In vivo IFN-A2 administration improves mice outcome and dampens neutrophil
recruitment during infection.

[a] Daily body weight evaluation of infected mice vehicle- or IFN-A2-treated. [b] Mouse clinical
score of 24h-infected mice vehicle- or IFN-A2-treated. [c] Bacterial counts (expressed in log,,

colony-forming units (CFU)/gram of organ) in the lungs of 24h-infected mice vehicle-treated or
IFN-A2-treated. Data are representative of two independent experiments. Dashed line:
threshold limit [d — left panel] Lung histological analysis from PAO1 infected mice 24h vehicle-

treated (upper panel) or IFN-A2-treated (lower panel). Magnification x40. Bar = 25um. [d —right
panel]. [e] Alveolar space quantification by SIOX analysis of histology slides presented in d (3

mice per group. 4 fields per slide). [f] Ly6-G IHC of lung section from 24h-infected PAO1 mice
vehicle-treated (upper panel) or IFN-A2-treated (lower panel). Magnification x40. Bar = 25um.
[g] Quantification of Ly6-G positive pixels surface area by SIOX analysis of the slides presented
in f. (3 mice per group. 4 fields per slide). [h] IL-1B concentration assessment by ELISA in lung
homogenates of 24h infected mice vehicle-treated or IFN-A2-treated (sensitivity limit: 0,1pg/mg
of proteins). Boxes represent median (interquartile range). Data are representative of two
independent experiments. a,b, f and g: n=5 per group. ¢, d and h: n=3 per group. n.s.: not
significant. *: p<0.05 **: p<0.001.
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Figure 5: IFN-A neutralization does not significantly impair IL-22 protective action
during pneumonia.

[a] IL-1B concentration assessment by ELISA in BALF. a: n=6 per group. [b] Lung
histological analysis from PAO1 infected 24h vehicle treated (upper left panel) or
treated with riL-22 (upper right panel), anti-IFN-A2 (lower left) or in combination
(lower right panel). Magnification x20. Bar = 100um. b: n=3 per group. Boxes
represent median (interquartile range). Data are representative of two
independent experiments. *:p<0,05, **: p<0,01, ***: p<0,001.



Table 1: Sequences of primers used for RT-PCR.

Primers

Sequences

Size

[-actin Forward 5’CCCAGCCATGTACGTTGTA'3 126pb
Reverse 5’AGGGCATACCCCTCGTAGATG'3
IL-22RA1 | Forward 5'CTGACACAGAGTTCCTTGG'3 406pb
Reverse 5'CCTAAGTAGGTGATCTCGG'3
BD-2 Forward 5'GCCATGAGGGTCTTGTATCTC'3 236pb
Reverse S'TCTGAATCCGCATCAGCCAC3
REGla Forward 5'TGGAAGGATGTGCCTTGTGAAGACA"3 178pb
Reverse 5'AGGCAAACTCAGCAGAGAAGAGAGT"3
IL-8 Forward 5’CTGGCCGTGGCTCTCTTGG'3 185pb
Reverse S’ATTTCTGTGTTGGCGCAGTGTG'3
IFN-A2/3 | Forward 5'GACATGACCGGGGACTGCATG'3 589pb
Reverse 5'GACACACAGGTCCCCGCTGG'3
IFN-A1 Forward 5'GCCATGGCTGCAGCTTGGAC'3 602pb

Reverse

5S'GGTGGACTCAGGGTGGGTTGAC'3






