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Original article
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ABSTRACT: 250 words

Background: Protein Kinase C theta (PK);-a serine/threonine kinase is involved in T
helper 2 (Th2) cell activation and proliferationnate lymphoid cells 2 (ILC2) resemble Th2
cells; produce the Th2 cytokines IL-5 and IL-13} lack antigen specific receptors. The
mechanism by which PK@-drives innate immune cells to instruct Th2 respsnia allergic

lung inflammation remains unknown.

Objectives: We hypothesized that PR@ontributes to ILC2 activation and may be necegssar

for ILC2 to instruct Th2 response.

Methods: PKC3 gene expression was assessed in ILC subsets purified from human
peripheral blood mononuclear cells (PBMC) and mouse lung ILC2. ILC2 activation and
eosinophil recruitment, Th2 related cytokine andrmabkine production, lung histopathology,
IRF4 mMRNA and NFAT1 protein expression, were deteett. Adoptive transfer of ILC2

from WT mice was performed in WT and PKC-mice.

Results: Here we report that PKCis expressed in both human and mouse ILC2. Mice
lacking PKC® had reduced ILC2, Th2 cell numbers and activaticarway
hyperesponsiveness (AHR) as well as the expressfotranscription factors IRF4 and
NFATL1. Importantly, adoptive transfer of ILC2 restd eosinophil influx, IL-4, IL-5 and IL-

13 production in lung tissue as well as Th2 celivation. The pharmacological PKE-
inhibitor (compound 20) given during allergen chatie reduced ILC2 numbers and

activation as well as airway inflammation, IRF4 &MEAT1 expression.

Conclusions: Therefore, our finding identifies PRGs a critical factor for ILC2 activation
and contributes to Th2 cell differentiation whishassociated to IRF4 and NFAT1 expression

in allergic lung inflammation.
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Clinical Implications

Pharmacological inhibition of established asthmggests that PK®-represents a potent

therapeutic target of the allergic response.

Capsule Summary

Our finding shows that PK8-expression in both human and mouse ILC2 contribtdethe
effector functions of Th2 cells with activated tsarption factors IRF4 and NFAT1 in the

HDM induced airway inflammation model.

Key words

House dust mite, allergic asthma, eosinophils,gamokinase C theta, innate lymphoid cells

(ILC), nuclear factor of activated T-cells (NFAT)terferon regulating factor 4 (IRF4).

Abbreviations used

AHR: Airway hyperresponsiveness

BALF: Bronchoalveolar lavage fluid

BMDC: Bone marrow derived dendritic cells
CCL: C-C motif ligand

HDM: house dust mite

EPO: eosinophil peroxidase

IL- : Interleukin

ILC: Innate lymphoid cells

IRF4: Interferon regulating factor 4

NFAT1: Nuclear factor of activated T-cells
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PAS: Periodic acid—Schiff
PKC-O: Protein Kinase C theta
gRT-PCR: Quantitative real-time PCR

Th: T helper
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INTRODUCTION

Allergic asthma is an inflammatory pulmonary diseassociated with aberrant innate and
adaptive immune responses to allergens. The kevycali features of the disease are
underpinned by mucus hypersecretion, inflammatafytrates and airway hyperreactivity.
Asthma is typically characterized by Th2 responaerd their related secreted cytokines,
namely, IL-4, IL-5 and IL-13. Asthma in humans is induced by several allergermth as
innocuous antigens including birch pollen (BP) gmobtease antigens such as papain,
Alternaria alternataor house dust mite (HDM). Mouse models of alleragthma are induced

either by protease allergens but also ovalbuminADafter systemic priming.

HDM contains several antigens with protease agtiaitd plays an important role in initiating
as well as sustaining inflammation through the it of Th2 and IgE respons&& HDM
causes epithelial barrier dysfunction with disraptof tight junctions, the production of pro-

inflammatory cytokines and modulates function ofimas cell types including Th2 response

3, 5-10

The interactions between naive T lymphocytes anyem presenting cells (APC) mediated
by the contact between peptides-major histocomitiiticomplex (MHCII) and T cell
receptor (TCR) as well as by costimulatory molestduch as CD28 allow the formation of
a immunological synapse which comprises ProteinagénC Theta (PK®) 2 PKC4H
recruitment into the immunological synapse is regplifor full effector T lymphocyte
activation®®. PKC4 regulates T cell activation in several inflammgtdisease models such
as allergic asthma, multiple sclerosis, arthritisl anflammatory bowel disease (IBBY *
PKC4 is critical for the activation of several trangtion factors such as NiB, Nuclear

factor of activated T-cells (NFAT), C-Jun, C-FosdaAP-1 * and also promotes the
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development of Treg cells by enhancing Foxp3 exgwes via activation of the

calcineurin/NFAT pathway’.

More recently innate lymphoid cells 2 (ILC2) haveeh identified as critical source for the
production of an early Th2 type cytokine includibig5 and IL-131"8 While the role of

PKC-6 has been explored in Th2 cells, its contributmh AC2 activation remains unclear.

Herein, we demonstrate that PKCis critical for ILC2 activation and contributes the
acquisition of Th2 cell effector functions. We demtrate that PK®-is expressed in both
human and mouse ILC2s and its deletion decreasesrttergence and activation of ILC2
followed by reduced Th2 cell response which is eiséed with reduced NFAT1 and IRF4
expression. Importantly, adoptive transfer of IL@&stores eosinophil influx and Th2
cytokines IL-4, IL-5 and IL-13 production in lunBharmacological inhibition of PK@-by a
specific PKCHO inhibitor (C20) markedly reduced the number antvaton of ILC2 and

cardinal features of allergic lung inflammation urcéd by HDM.
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METHODS

Animals

PKC-0-deficient mice on C57BL/6 background (7—-8 weekd) eVere generated by Littman
D. laboratory®® and obtained from Manfred Kopf (Molecular Bioméd& ETH Zirich,
Switzerland), Rag2Ly5.1 were obtained from Benedita Rocha (INEM, Nacknstitute,
Inserm U1151-CNRS UMR 8253, Paris, Frarteoth PKC8-deficient and littermate WT
controls on C57BL/6 background were bred in then$genose Institute animal facility
(TAAM, UPS44 CNRS, Orleans). All animals were mained according to FELASA
regulations and complied with the French Governfeeathical and animal experiment
regulations. Mice were maintained in a temperatara@rolled (23°C) facility with a strict 12
h light/dark cycle with food and water providad libitum Experiments were performed with
gender-matched mice aged 8-10 weeks. All protocwése approved by the CNRS

institutional animal research ethical committeeamttie number (CLE CCO 2013-1004).

Human PBMCs and sorting of | L C subsets and subsequent gene expression analysis

Blood samples from healthy volunteers were colkkdig the French blood bank (French
Blood institute; EFS, Rungis, France), after apptosf the study protocol by an ethical
committee (N° #12/R/129). Human PBMCs were isoldigdiensity gradient centrifugation
(Ficoll, Eurobio Les Ulis, France) from buffy coatkC subsets were isolated as described in

supplemental methods.

HDM induced allergic airway inflammation induction
To induce HDM-driven eosinophilic airway inflammati, isoflurane anesthetized mice were

administered intranasally twice at days 0 and /hwib pg HDM (Dermatophagoides
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pteronyssinus extracts (ALK-Abello, Denmark) without adjuvantontrol mice were
challenged with saline alone and were challengedays 14-16 with 5 pg of HDM extracts.
Twenty four hours after the last challenge, airiigyperreactivity was measured and mice
were sacrificed; bronchoalveolar lavage (BAL) anddg were collected for EPO enzyme,
cytokines, chemokines, histology, gRT-PCR, cytokim&d chemokines, and Western blot

analysis.

Inhibition of PKC@ in vivo with compound 20 (C20)
To inhibit PKC49 in vivo, mice received during challenge from day 14-16obgl route, 10
mg/kg of PKC# selective inhibitor Compound 20, (C20/BIX02656,eBdnger Ingelheim,

USA) as described previously,

Bronchoalveolar lavage (BAL)

BAL was performed by washing the lungs four timathv@.5 ml of saline solution at room

temperature. After centrifugation at 400 x g forriih at 4°C, the supernatant (cell-free BAL
fluid) was stored at -20°C for cytokine analysisAGS analysis on BAL and lung

mononuclear cells was performed.

Pulmonary eosinophil peroxidase (EPO) activity
EPO activity was determined in order to estimate ricruitment of eosinophils to the lung

parenchyma as describ&d

Determination of bronchial hyperresponsiveness (AHR)

For invasive measurement of dynamic resistances mere anesthetized with intra-peritoneal

injection of solution containing ketamine (100 ng/Kerial) and xylasine (10
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mg/kg, Bayer), paralyzed using D-tubocuranine (8%2 Sigma), and intubated with an 18-
gauge catheter. Respiratory frequency was set@bfghaths per min with a tidal volume of
0.2 ml and a positive end-expiratory pressure ahl2H,O. Increasing concentrations of
aerosolized methacholine (9.375, 18.75, 37.5, 78 aB0 mg/ml) were administered.
Resistance was recorded using an invasive plethysapb (Buxco, London, UK Baseline

resistance was restored before administering theesjuent doses of methacholine.

ILC2 expansion, isolation and adoptive cell transfer

Mice were anesthetized with isoflurane (3%) andtad with recombinant IL-33 (1pug/mouse,
Serl09-1le266, obtained from Jean Philippe Giraabotatory, CNRS-Institute of
Pharmacology and Structural Biology IPBS, 31077 ldase, France) daily for 5 days, as
described previousKR?.

Briefly, lungs were harvested after perfusion oy 8and digested in 125 mg/ml Liberase TL
and 1 mg/ml DNAse 1 (Roche Diagnostics). NonadHecetls were stained for ST2—FITC
(clone DJ8, MD Biosciences), lineage markers (BR8RI, CD11b, CD3 and Siglec F)
labeled with PE, ICOS-PECyY7 (clone 7E-17G9, eBimsce), CD45-APC (clone 30-F11,
eBioscience) and ILC2 were sorted with a MoFlo (@ean coulter, Fort Collins, Co, USA).
IL-5, IL-13 and IRF4 expression were detected hyaicellular/intranuclear staining with anti
IL-5—-PE (clone TRFK5, BD Biosciences) or anti IL-¥8PC (clone ebiol3A, eBioscience),
APC anti IRF4 ( clone REA201, Miltenyi Biotec), aftactivation with phorbol 12-myristate
13-acetate (PMA) (50 ng/ml) and ionomycin (750 ny/m the presence of Brefeldin A
(1pl/1x10 cells, BD Biosciences) and cell permeabilizati®D (Cytofix/Cytoperm, BD
Biosciences).

Sorted lung ILC2 (1Dcells/well) were expanded vitro in 96 wells round bottom plate in 10

% (vol/vol) FBS RPMI complete medium containing 2L€10 ng/ml) and 1L-33 (10 ng/ml)
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for 5 days as described previousty The medium was removed and fresh medium or
recombinant mouse IL-33 (100 ng/ml) was added foodrs followed by RNA extraction.

For ILC2s transfer, 1 x 20LC2 in 50 pl of PBS were inoculated intra-tracheally at day 0
followed by HDM (25 pg/mouse) challenge at daysnd 8-7 to WT and PK® mice under
isoflurane (3%) anesthetizia. Mice were killed atyd8, BAL was performed in some
experiments to assess lung inflammation and FAC&ysis. In some experiments, lung
mononuclear cells were isolated in the whole lutigS82 proliferation was detected with Ki-

67 staining (BV421 labeled anti mouse Ki-67, claé%8, Biolegend).

Lung mononuclear cell isolation and stimulation

Lung mononuclear cells were isolated from WT andCRK!™ mice 24h after the last
challenge as described previousfly Briefly the aorta and the inferior vena cava were
sectioned and the lungs were perfused with salihe. lobes of the lungs were sliced into
small cubes and then incubated for 45 min in 2 PAMR 1640 solution and digested in 125
mg/ml of Liberase TL and 1 mg/ml DNAse 1 (Rochedmastics). Isolated lung mononuclear
single cells were plated in round bottom 96-welites (2x18ml) and restimulated 4h in
vitro with phorbol 12-myristate 13-acetate (PMAD (5g/ml) and ionomycin (750 ng/ml; both
from Sigma-Aldrich) in the presence of Brefeldin(®ul/1x10 cells, BD Biosciences) for
intracellular flow cytometry analysis. Lung monotear cell (1x16cells) were restimulated
either with anti CD3e/CD28 (3pg/ml respectively)HIDM (100 pg/ml) in a 96 well plate for
3 days. Supernatants were analyzed for the presefhceytokines using Multiplex

immunoassay (MagPix, BioRad).

Flow cytometry analysison BAL cells
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Single cell suspensions were prepared from BALerafilockade of Fc receptors with
CD16/32 blocking antibody, cells were stained wathtibodies in FACS buffer (D-PBS,
containing 3% heat-inactivated FCS and 0.005% &\ 30 minutes with APC-conjugated
anti-I-Ad/I-Ed  (macrophages/DCs), PE-conjugated i-8iglecF (clone E50-2440)
(eosinophils), FITC-conjugated anti-CD3 (clone 451t1) and anti-CD45R/B220 (clone
RA5-6B2) (lymphocytes), efluor450-conjugated ant#/d0 (clone BM8) and biotin-
conjugated anti-CD11c (clone HL3) (macrophages/D@fferential cell counts were
analyzed by flow cytometry, and cytospins as prestip described”. Data were acquired

using FACS Canto Il flow cytometer and analyzeshg$iva and FlowJo software.

Lung histology

Lungs were fixed in 4% buffered formaldehyde angn3 sections were stained with periodic
acid Schiff reagent (PAS) and examined with a Leld#2500 microscope (x40
magnification). Peribronchial infiltrates and mudugersecretion were assessed by a semi-

quantitative score (0-5) by two observers indepetigas described befofé

Cytokines and chemokines measurement by ELISA

IL-1a, IL-1B, IL-2, IL-4, IL-5, IL-13, IL-33, CXCL1 (KC), CCL11(Eotaxin), CCL17
(TARC), CCL20, CCL22 (MDC) and CCL24 (Eotaxin2) cemtrations in cell culture
supernatant from restimulated lung mononucleas @id lung homogenate were determined
by enzyme-linked immunosorbent assay (ELISA), usommnmercial kits from R&D
(Abingdon, UK) according to the manufacturer's macoendations or by multiplex

immunoassay using a MagPix reader (Biorad).
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Immunablotting of NFAT1

Lung tissues were homogenized in Tris-HCI 0,05M pkith Polytron PT 2100 (Kinematica
AG). Protein concentration was determined using Binedford method (Bio-Rad). Equal
amounts of protein (30 pg/sample) were denaturbyedoiling (95°C, 5min), separated by
SDS/PAGE and transferred to nitrocellulose memls @& Healthcare). The membrane was
blocked in Tris-buffer saline (TBS), tween 20, @ning 5% lipid free dry milk. Antibodies
used for detection were diluted in Tris-buffer salitween 20, containing 5% (TBST) lipid

free dry milk and were from Sigma unless othervgisged.

The controlB-actin was detected with primary mouse dactin antibody followed by
biotinylated secondary antibody HRP conjugated goatmouse Ig. NFAT1 (NFATc2) were
detected with primary polyclonal anti-mouse NFATCell Signaling) followed by a
secondary antibody HRP conjugated goat anti-ralgbifCell Signaling). Immuno-reactive

bands were visualized by enhanced chemiluminesden(@E Healthcare).

RNA isolation and quantitative RT-PCR
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Lung lobes were transferred in RNA later solution 24 h at 4°C and snap-frozen in liquid
nitrogen. Total RNA was isolated from homogenizeause lung or ILC2 sorted cells using
Tri Reagent (Sigma) and quantified by NanoDrop @0@0). Reversdranscription was
performed with SuperScript Il Kit according to mdacturers’ instructions (Invitrogen).
cDNA was subjected to quantitative PCR using prsm@&r mouseMucb5ac (Forward
5’ CAGCCGAGAGGAGGGTTTGATCT and revers@AGTCTCTCTCCGCTCCTCTGA
Sigma),Gata-3(QT00170828)ll-4 (QT00160678)lI-5 (QT00099715)lI-13 (QT00099554),
Irf4 (QT00109984), Rn18s (QT02448075) a1 (QT01063062) from Qiagen. Relative
transcript expression of a gene is given 482

For ILC2 analysis, messenger RNA expression waesass using-actin or RN18s for
human and mouse samples respectively as endogeoouisls. The relative amount of target
genes in each sample was calculated in comparistn avcalibrator sample (ILC1s) for
human samples and naive primary mouse trachedledipltcells (nTEC) or naive lymph

node cells (mMLN) for mouse samples.

Statistical analysis

A Mann-Whitney U analysis and non parametric Krlidkallis followed with Dunns post
test were used to determine significant differenisesveen groups using GraphPad Prism
software version 5.00. Data are expressed as m&krvk Statistically significant differences

were defined as *P<0.05, **P<0.01 and ***P<0.001.
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289 RESULTS

290 Increased PKC-@gene expression in human and mouse ILC2s

291  To determine whether PK@-has a role in ILC2, we assessed P&Expression in human
292  |LCs subsets isolated from human PBMCs and mou€2dLpopulations purified from lung.
293  We observed significant expressiohPkc-fandGata-3genes in ILC2s compared with ILC1
294 and ILC3 subsets (Fig 1, A). Purified mouse lun@2Lfrom WT mice showed a significant
295 induction ofPkc-@transcript (Fig 1, B) compared with primary motiseheal epithelial cells
296 (mTEC) which express low levels Bkc-6. IL-33 restimulation did not further increaB&c-6
297 gene levels. To investigate whether isolated IL&2sfunctional, we assessed Th2 associated
298 genes expression on ILCHA {4, IL-5, IL-13, 1l1rl1 (ST2) Gata-3 andIrf4) by quantitative
299 RT-PCR analysis. Lung ILC2s had upregulated theesgion of numerous Th2 associated
300 genes such dk-4, IL-5, IL-13, l11rl1 (ST2)andGata-3in comparison with naive lymph node
301 cells (Fig 1, C). IL-33 restimulation did not fuethincreaséL-4, IL-5, IL-13, 1I1rl1 (ST2)and
302 Gata-3gene levels. Howevehf4 was down-regulated in ILC2s when compared with @aiv

303 LN cells (Fig 1, D).
304 Therefore PKC-@gene is expressed in both human and mouse funttldd2 populations.

305
306 Reduced innate lymphoid cell activation in PKC-8" mice

307 ILC2 accumulate in lungs shortly after allergen @yre and produce IL-5 and IL#3To
308 determine the relative contribution of PKsignaling on lung ILC2 activation, PKE-
309 deficient mice (PK@™) or littermate wild type (WT) control were immueit with house
310 dust mite (HDM, 25 pg by intranasal route at dagra 7), followed by three intranasal
311 challenges (5 pg HDM on days 14-16) (Fig 2, A). ityefour hours after the last HDM

312 challenge, Total ILC2, IL-5 and IL-13 producing IRGvere analyzed. The frequency and



313

314

315

316

317

318

319

320

321

322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

Madouri et al 16

total cell counts of ILC2 ILC2'IL-5%, ILC2'IL-13" and ILCZIRF4" were significantly
reduced in PK@'™ mice as compared with HDM stimulated WT mice (Zjd3-F). This data
indicate that the PK®-signalling is required for ILC2 activation and theduction of IL-5
and IL-13. We then asked whether the inhibitorgetficorrelated with a diminished adaptive

Th2 response.

PKC-8"" mice develop reduced airway eosinophilia and Th2-driven airway inflammation

Th2 cells drive the adaptive immune response grgilt airway inflammation and PK&€has
been shown to be important for the response tdbavain** 2’ To determine whether PK@&-

is also involved in airway inflammation induced twe complex and relevant allergens such
as HDM extracts, WT or PK®?" mice were treated as reported in Fig 2, A, broabhelar
lavage (BAL) was performed for inflammatory cellucts. Saline sensitized and challenged
WT and PKCeO™ mice were used as a negative control and did nuibixany inflammatory
response, as evidenced by the negligible numbézuidocytes in the BAL fluid. However,
WT mice which were HDM sensitized and challenged hadramatic increase in the total
leukocyte number in the BAL fluid (Fig 3, A). Theegdominant cell infiltrate in BALF
consisted of eosinophils and EPO activity in theglfFig 3, B-C), with lower lymphocyte
counts (Fig 3, D). In striking contrast, HDM-prim&KC-9 deficient mice (PK®” HDM)
exhibited a 3 fold lower total leukocyte countghe BAL fluid compared with their wild type
counterparts (Fig 3, A). In particular, there wasignificant decrease in eosinophilia (3-fold
reduction) (Fig 3, B-C), as well as a lower lympyteccounts (2-fold reduction compared
with WT-HDM) (Fig 3, D).

A hallmark of allergic lung inflammation is airwanesistance, which was measured by
invasive plethysmography in WT and PKC-mice. Of note, PKG@' mice treated with

HDM had reduced airway resistance compared withri@e (Fig 3, E).
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Histological analysis revealed a prominent lungaimimatory response characterized by
perivascular and peribronchiolar infiltration ofsawophils and mononuclear cells in WT-
HDM mice (Fig 3, F). By contrast, a significant vetion of inflammatory cell infiltration
was found in PK@' mice, consistent with reduced cells in the BALidI(Fig 3, G).
Additionally, the extensive goblet cell hyperplaarad mucus production observed in primed
and challenged WT mice was reduced in PKCmice, since approximately 80% of goblet
cells stained strongly with PAS in WT mice versayapproximately 10%-20% in PKE-
mice (Fig 3, H). The reduced mucus overproducti@s wonfirmed at the mRNA expression
level for Muc5ac in lung (Fig 3, I).

Moreover, pro-inflammatory and Th2 cytokines sushlala, IL-13, IL-4, IL-5, IL-13 were
significantly reduced (2-3 fold reduction) in lumg PKCH"- HDM compared with WT-
HDM mice (Fig 4, A-B, D-F). By contrast, IL-33 lelewere unchanged in the absence of
PKC+ (Fig 4, C).

We further investigated the Th2 cell numbers mltmg in HDM challenged mice and found
an increase of TOR cells expressing IL-4 (Fig E2, A-C) and IL-5 (Fi&R, D-F). In the
absence of PK® the number of TCRIL-4" and TCRB'IL-5" cells were significantly

reduced concomitant with reduced IL-4 level in liveg.

In addition, in the absence of PKCsignificant lower levels of neutrophils/monocytes-
attracting chemokines CXCL1 (2 fold reduction), dyasils and eosinophil-attracting
chemokines CCL11 and CCL24 (2 fold reduction) a#i a®& Th2 cell-attracting chemokines
CCL17 and CCL20 (approximately 2 fold reduction)revéound in the lungs as compared

with WT-HDM mice (Fig 4, G-K).

Taking together, these data indicate an importale of PKC# in the initiation of airway

allergic inflammation to HDM.
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PKC-@deletion reduces |RF4 and NFAT1 expression and determines lung Th2 cell

numbers and activation

The transcription factors IRF4 and NFAT1 are knaarpromote the expression of Th2 cell
differentiation and function including IL-4 and BR-expression, and contribute to IL-10
production®®*® To analyze the transcription factors involvedtie PKC8 phenotype upon
HDM exposure we investigated the expression of IRF4AQPCR (Fig 4, L) and NFAT1
(NFATC2) by Western Blot analysis in lung tissuEgy(4, M). We found a distinct reduction
of these transcription factors in PK8Cdeficient lungs. Therefore the data suggest tiek of

PKC-0 is associated with decreased expression of NFATLRF4.

We investigated whether the number and activatioB@45CD3c * T cells are different in
the lung from PKG"" versus WT mice upon HDM challenge (Fig E3, A, Cdnsistent with
the reduced allergic response total CDR cell recruitment within the CD45CD3x*
population was reduced, and T cells have a redexpression of the activation marker CD69
(Fig E3, B, D). Since regulatory T cells may cdoite to the overall response to the allergen
HDM, we determined the pulmonary Treg cell numbkard found a significant reduction of
FoxP3 cells in the absence of PRGFig E3, E-G).

PKC-O is expressed in NK cells and was found to be ingmbrfor tumor growth control,
IFNy and TNFr production and the function of NKT céfts® To determine whether PKE-
is involved in NKp46 cell counts, we isolated monokear cells from the lung of PK&-
versus WT mice after HDM challenge. Similar CDMBp46 cell counts were found in

PKC-6" and WT control mice (Fig E4, A-C).

Collectively, these data demonstrate that FK@& important for the activation of Th2

responses and FoxP3Breg cell recruitment.
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PKC-@ deficient APCs processthe allergen, but cannot activate T cellsin vitro

To exclude any effect on antigen uptake and praogsse investigated these parameters in
bone-marrow derived DCs (BMDCs) using OVA as antigéhe uptake and processing in
PKC-6" BMDCs was not different from WT-BMDCs (Fig E5, A-BHowever, PKO8™""
BMDCs showed reduced MHC Il expression (Fig E5,Wg further analyzed the ability of
the BMDCs to produce pro-inflammatory cytokines mp¢DM activation and found reduced

IL-1a production (Fig E5, D) while IL{3 and IL-10 were not affected (Fig E5, E, F).

Co-culture of WT-BMDCs primed with HDM with naiveD@" T cells induced a robust cell
proliferation of CFSE labeled T cells and IL-2 pwoation, which was dramatically reduced
when co-cultured with PK®" CD4+ T cells (Fig E5, G, H). Therefore, PKC-CD4" T
cells are unable to proliferate to HDiM vitro. The lack of the response in PKC-mice may
be at level of the T cells and of DCs due to redulé®-4 expression, since DC activation
relies on IRF4 expressiofl. Consistent with published data PKC-T cells do not respond
to TCR activation by CD8antibody (Fig E5, 1). The data reveal diminishedell and DC

activation as reported before.

Adoptive transfer of ILC2 in PKC-8" restores lung inflammation and Th2 cytokine
production.

IL-33 is known to be an important cytokine for themotion of ILC2 expansiofh” *> To
address whether PK&-signalling affected the fate of ILC2, we treatedl Vnd PKC6
deficient mice with recombinant IL-33 for 5 dayseWbserved a significant increase of ILC2
in WT mice. In contrast, the percentage and nurobérC2 were greatly reduced in PKE-

(Fig 5, A-B). Thus, PK@ plays an important role in ILC2 induction.
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To test whether the role of ILC2s in HDM inducedway inflammation is dependent on
PKC-8 signaling, we adoptively transferred purified IL<CRom either WT or Radz_yS.l
mice into PKCO”" and congenic WT (Ly5.2) mice (Fig, 5 and Fig, Bdjce were challenged
four times at days 1 and 5-7 with HDM extract anthlgzed 24h after the last HDM
challenge. The ILC2 transfer and HDM challenge tedincreased lung inflammation
compared with ILC2 transfer alone in WT mice (3dfaicrease) (Fig 5, C-E and Fig EG6, B).
To determine whether the transferred ILC2 haveathibty to proliferate, we used Ki-67 as a
surrogate marker of proliferation and found higlCHKi-67" cell population in lung after
HDM administration in WT mice. However, ILC2 praifation was reduced in PKE-
compared with WT mice. In addition, the transferke@2" (ILC2* CD45.T) proliferated and
restoredthe low proliferation seen in PK&L mice (Fig E6, F, G; Fig E7 G-M). The
transferred ILC2 also produced both IL-5 and IL(ERy E7 N and data not shown).

We investigated Th2 cells within the lung after R_&doptive transfer and found an increased
number of TCR'CD4" cells expressing IL-5 (Fig E6, H) and IL-13 (Fi6,H) in WT mice
after HDM administration. In the absence of PB@ie numbers of TORCD4" IL-5" and
TCRB'CD4" IL-13" cells were significantly reduced in the lung. IL@&ansfer together with
HDM administration restored the IL-5 and IL-13 pusthg TCH3'CD4" cell populations.
These changes were accompanied by increased ToRirgg and chemokines, IL-4, IL-5,
IL-13, CCL17 and CCL24 production in cell culturgpgrnatant from lung mononuclear cells
after HDM restimulation in WT mice (Fig 5, F-H akth E6, C). Interestingly, ILC2 transfer
and HDM challenge into PK®? mice restored lung inflammation including totalkecyte,
eosinophil and lymphocyte counts in BALF (Fig 5Apand IL-4, IL-5, IL-13, CCL17 and
CCL24 production in culture supernatant from lungnonuclear cells (Fig 5, G-K and Fig

E6, C).



433

434

435

436

437

438

439

440

441

442

443

444

445

446

447

448

449

450

451

452

453

454

455

456

Madouri et al 21

Therefore PK® signaling is critical for ILC2 expansion and actisa and potentially

mediated Th2 driven allergic airway inflammation.

PKC inhibitor (C20) reduces HDM induced ongoing allergic asthma

To determine the mechanism that may account forsthgpressed allergic phenotype in
response to PK®-signaling during the effector phase in the allengisponse to HDM, we
investigated the effect of the specific inhibitor2@C of PKCO, compound 20 (C20,
BIX02656), which was shown to inhibit PK&in vitro **. Sensitized-WT mice were treated
orally with PKC# inhibitor at doses of 10 mg/kg for 3 days durinDM challenge on day
14-16 as described in Figure 6A. At day 14, begkiegting C20 treatment, we have checked
whether lung inflammation is already establishedNiii mice. At day 14 after two HDM
immunization, WT mice exhibited a strong lung inffaation as evidenced by the increased
eosinophils and lymphocytes recruitment in the bhoalveolar space (BALFMuc5acgene
expression in lung tissue as well as IL-13, IL-8L17 and CCL24 production in lung
homogenate after anti CB3r HDM restimulation (Fig E8, A-1). C20 treatmeyielded a
significant inhibition (2-3 fold reduction) of emsiphils and lymphocytes in the airways (Fig
6, B-E), with a significant reduction of HDM indwténcrease in airway resistance (Fig 6, F)
reduced ILC2 numbers, ILC2 expressing IL-5, IL-4Rd IRF4, airway inflammation and
mucus overproduction as evidenced by histologinalysis and mMRNA expression level for
Mucbac (Fig 6, G-K) as well as Th2 cytokine/chenmekproduction (IL-&, IL-1[3, IL-4, IL-

5, IL-13, CCL11, CCL17 and CCL24 (Fig 6, L-M; O-R\loreover, IRF4expression from
pulmonary tissue was reduced, as well as NFAT1 ymtoh in lung (Fig 6, S-T).
Importantly, pulmonary cells produced similar amisuof IL-33 in response to HDM

immunization either in the presence or absencek&i-B blockade (Fig 6, N).
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457  Therefore disruption of the PKE@signallingpathwayswith the PKCB8 inhibitor C20 inhibits

458  ongoing allergic inflammation and reduces IRF4 AIRAT1 expression.
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DISCUSSION

Recent evidence has implicated ILC2 cells in Thspomses” *¢ We demonstrate for the first
time that PKC8 is expressed by both human and mouse ILC2 popukgand likely required
for efficient Th2 cell mediated allergic lung inftemation upon challenge with the protease
allergen HDM. The reduced ILC2 and Th2 cell cowrd activation is linked to an inability
to mount a strong allergic lung inflammation wittngaired cardinal features of asthma
including airway hyperresponsiveness and Th2 cykiand chemokines release in P&C-
deficient mice. This is the first report suggestihgt ILC2 activation is dependent on PKRC-
signalling pathway. ILC2 can expand and be activasdter local protease allergens
administration including papairlternaria alternataand house dust mit€" % 3" and we
show that the emergence of ILC2 is inhibited in @alsence of PK®: This finding is novel
and PKCB® is required for ILC2 activation. ILC2 precedes fhe2 differentiation, which is
drastically reduced in the absence of P&KCA/e questioned whether IL-33 known to be
involved in ILC2 activation resulting in IL-5 and-{L3 production is responsible for the lack
of response, but we did not find any differencéle83 production in lung tissue in PK&-

deficient mice.

PKC-0 is involved in the T cell receptor synapse andhitlon of PKC-O reduces the Th2
mediated responsg. While previous studies reported PKQdependent OVA-induced lung
inflammation, we show here that all features of HidMuced allergic asthma are

dramatically reduced in the absence of P&KE-*

IRF-4 functions either as a transcriptional actvair repressor depending on DNA-binding
sequences and/or protein-interacting partners.4R#eracts with its family member PU.1 or
NFATL1 to synergistically enhance transcriptionaiaty of a variety of genes including IL-4

in T cells and Th2 cell respons& Our study reveals that the decreasR&4/NFAT1
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483  expression is associated with decreased aller@immmation to HDM in PKO3 -deficient

484  mice

485  Furthermore we identified that dendritic cell fupos are PK@ dependent. Specifically
486  MHC class Il expression is reduced and associatgdtihe inability of HDM primed PK@®
487 deficient T cell to mediate T cell proliferationdaimduce the production of IL-2. Thus we
488  confirm that PKC8 deficient T cells are unable to respond to TCRskation*?. We report a
489  role of PKC#O on DC activation and suggest that the defect mighat the class Il molecule
490 dependent antigen platform which may be relaterbtiucediRF4 expression as previously
491 by the study showing that IRF4 signalling in DClg@ontrols Th2 responsé&$ Importantly
492 it was shown that PK®-during CD8 T cell antiviral response may be overcome by attig
493  DC %, Therefore, NFAT1 antRF4 expression in DC and T cells are likely PRG@lependent

494  and contribute to allergic response.

495  Since the net inflammatory response depends orr édlceors we thought that augmented
496  FoxP3 regulatory cells could contribute to reduedlérgic response. However we found
497 reduced FoxP3 cell counts in PKCdeficient lungs. Therefore Treg cells are unlikelybe

498 involved in our model.

499  While we demonstrate that PK&is required for the allergic response, it was viam
500 whether PKCB blockade could interrupt an ongoing inflammatogsponse and ILC2
501 activation of sensitized mice. To address this tioiesve used the PK®-inhibitor and found
502 that C20 had a potent therapeutic effect on ongdiiM induced allergic inflammatory
503 responses with a drastic inhibition of the immuesponse, lung inflammation and airway
504 hyperreactivity. This is an important finding andr @ata points to an interesting therapeutic

505 strategy by using the inhibitor to decrease altergsponses.
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In conclusion our data suggest that PBG:ontributes to ILC2 activation and T cell
proliferation both contributing to Th2 responseaitergic lung inflammation in response to
protease allergens. This response is associatéd IRE4 and NFATL1 transcription factor
expression. Together with the potent inhibitiorasthma by the PK®-inhibitor C20 during

allergen challenge, our data suggest that BK@ay be a novel therapeutic target in asthma.
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Figurelegends

Figure 1. Prkcq (Pkc-0) is expressed in human circulating ILC subsets amdisa lung

ILC2s

(A) Prkcq (Pkc-6) and Gata-3 mRNA expression in human ILC1s, ILC2s and ILC3s8n
(B, C) Prkcq (Pkc-9), IL-4, IL-5, IL-13, Irf4, Gata-3andll-1rl1 (ST2) mMRNA expression in
mouse lungs ILC2 (n=3). Data are expressed as mehgene expression fold changes
relative to-actin or RN18s. Values are the mean * s.e.m. (0.Q ** p<0.01, ***

p<0.001).

Figure 2. PKC-@is required for ILC2 activation.

(A), Scheme of HDM model protocol in PKE- and wild type (WT) mice.B-F), Total
ILC2s, IL-5ILC2", IL-13'ILC2" and IRF4ILC2" frequency and absolute number in the
lungs. Representative data of two independent erpets are given (n=4 for saline control

and 8 mice for HDM group). Values are the meareins. **P< 0.01; *** P< 0.001.
Figure 3. Impaired Th2-mediated lung inflammation in P mice

(A-E) Total cells, eosinophils and lymphocytes recreminin BALF, eosinophil peroxidase

activity (EPO) in the lungs and airway resistan&el) PAS staining (scale bars: 100 um),
semi-quantitative histological score and Muc5acegexpression. Data are derived from four
for saline and eight mice for HDM group of threelépendent experiments. Values are the

mean £ s.e.m. n.s., not significant<@R05; **P<0.01; ***P<0.001.

Figure 4. Th2 associated cytokines and chemokines analy$iménhomogenates of PK&-

mice.
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(A-K) IL-1a, IL-1B, IL-4, IL-5, IL-13, IL-33, CXCL1 (KC), CCL11, CCL1 (TARCQC),
CCL20 (MIP-3x), and CCL24 (Eotaxin-2) levels in lung homogenatesM) IRF4 gene
expression and NFAT1 (NFATc2) protein expression limg homogenates. These
experiments were performed two times (n=4 for gahnd 8 mice for HDM group). Values

are the mean + s.e.m. #p.05; **P<0.01.
Figure5. ILC2 cell transfer from WT mice restores eosindphaind Th2 cytokire

(A) Recombinant IL-33 was administered by intranasate to WT and PK®~ mice for 5
days. B) The frequency and total number of ILC2s in luge shown. C-E) Total cells,
eosinophils and lymphocytes recruitment in BALF evdetermined after adoptive transfer of
purified ILC2 from WT mice to WT and PK8? mice. §-J) IL-4, IL-5, IL-13, CCL17
(TARC), and CCL24 (Eotaxin-2) levels after lung manclear cell restimulation with anti

CD3e/CD28 for 72h. Values are the mean + s.e.nx0*B5; **P<0.01; ***P<0.001.

Figure 6. Oral administration of PKC# inhibitor (C20) reduces HDM-driven inflammation,

AHR and IRF4 gene expression

(A) Schematic diagram of PK&4inhibitor treatment (C20, 10 mg/kg, poR-G) Total cells,
eosinophils and lymphocytes counts in BALF, EPQvagtin the lung, airway resistance,
ILC2 numbers, ILC2 expressing IL-5, IL-13 and IR&#% shown.H-K) Cell infiltration and
mucus production using PAS staining (scale bar€® fileh and 200 pm) and a semi-
guantitative histological score of cell infiltraticand mucus hypersecretion avdc5acgene
expression. I(-R) IL-1a, IL-1B, IL-4, IL-5, IL-33, CCL11, CCL17 (TARC), and CCL24
(Eotaxin-2) levels in lung homogenates after HDMtiraulation were shown. (S-TRF4
gene expression and NFAT1 (NFATc2) protein leveldung tissue. Values are the mean *

s.e.m. n.s., not significant, *
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PKC theta controls ILC2 and Th2 responses to house dust mite allergen

Fahima Madouri, PhBP Pauline Chenuet, Mdc, Chloé Beuraud, MstLouis Fauconnier,
Msc” Tiffany Marchiol, PhD,” Nathalie Rouxel, Bs&, Aurélie Ledru, Bsé€ Margaux
Gallerand, Bs&,Vincent Lombardi, PhD3, Laurent Mascarell, PhD, Quentin Marquant,
Msc?P Lionel Apetoh, Ph, Frangois Erard, PhBMarc Le Bert, PhD3,Fabrice Trovero,
PhDP Valérie F.J. Quesniaux, PHDBernhard Ryffel, MD, PhB3? & Dieudonnée Togbe,

PhDP.
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SUPPLEMENTAL METHODS

Sorting of 1L C subsets and subsequent gene expression analysis

Human PBMCs were isolated by density gradient degttion (Ficoll, Eurobio Les Ulis,
France) from buffy coats obtained from healthy woéers (Etablissement Frangais du Sang,
Rungis, France). Most of lineage positive cells avelepleted using the Lineage Cell
Depletion kit (Containing CD2, CD3, CD11b, CD14, &3) CD16, CD19, CD56, CD123,
and CD235a antibodies, Miltenyi Biotec, Bergisctadlach, Germany) and an autoMACS
Pro Separator device following the manufactureristructions. To isolate ILC subsets,
lineage positive cells-depleted PBMCs were stawwgd Fluorescein isothiocyanate (FITC)-
conjugated anti-CD45 (HI30, BD Biosciences, SangbjeCA), Brilliant Violet 421-
conjugated anti-CD117 (YB5.B8, Biolegend, San Die@8), Phycoerythrin-cyanine 7 (PE-
Cy7)-conjugated anti-CD127 (M15-18C9, Miltenyi B3a), PerCP-Cy5.5-conjugated anti-
CD294 (CRTHZ2, BM16, BD Biosciences) and a lineagektail conjugated with Viogreen or
Brilliant Violet 510 comprising anti-CD3 (BW264/56)anti-CD14 (TUK4), anti-CD16
(VEP13), anti-CD20 (LT20), anti-CD34 (561) antibesli(all from Miltenyi Biotec), anti-CD5
(UCHT2), anti-CD11c (B-ly6), anti-CD56 (NCAM16.2anti-CD123 (9F5) and anti-TGRB
(T10B9.1A-31) antibodies (from BD Biosciences). I<C (Lineagg, CD45, CD127,
CRTHZ, CD117), ILC2s (Lineage CD45, CD127, CRTHZ) and ILC3s (Lineage
CD127, CD45, CRTHZ, CD117) were sorted using a FACSAria Ill (BD Biosciences)
apparatus and data were analyzed with the Flowflova® (TreesStar, Ashland, OR). Total
RNA was extracted from sorted ILC subsets using Rieasy Micro kit (Qiagen,
Courtaboeuf, France), and cDNAs were synthesizedjuke Super Script VILO master mix
(Applied Biosystems, Les Ulis, France) according ttee manufacturer’'s instructions.
Messenger RNA expression was evaluated by quantit®CR using a 7900HT Real-time

PCR system (Applied Biosystems) with predesignedMan gene expression assays and



reagents, according to the manufacturer’s inswuasti Expression of the following genes was
assessed in ILC subsets: GATA3 (Hs00231122_m1)RRKCQ (Hs00989370_m1). Data
were interpreted for each target gene in comparisith the endogenous contr@ractin

(Hs99999003 _m1l). The relative amount of target geneeach sample was calculated in

comparison with a calibrator sample (ILC1s) usingAACt method.

Antigen uptake and processing assays.

BMDCs (10 cells) were incubated for 2 h at 4 °C or 37 °Chvi® pg of ovalbumin coupled
to fluorescein isothiocyanate alone or OVA-DQ (Mullr probes, Invitrogen). After
incubation, cells were collected, thoroughly washed analyzed by flow cytometry (Canto

II, BD Bioscience).

Proliferation assay.

A single-cell suspension was isolated from lympluesy CDZ4 T cells were purified by
magnetic separation (Dynal, Invitrogen) accordingtie manufacturer's instructions, and
proliferation was determined as described

Briefly purified CD4 T cells (16 cells) from WT and PK®' mice were co-cultured with
10" WT dendritic cells preloaded with HDM (1@/ ml, 2h). T cell proliferation was assessed

by CFSE staining (0.pM; Molecular probes, Invitrogen).

Flow cytometry analysis on lung mononuclear cells

Lung mononuclear cells were stained with PerCPwgatpd anti-CD45 (clone 30F11),
FITC-conjugated anti-Cx3(clone 145-2C11), v450-conjugated anti-CD4 (cldrig4-5),
APC-Cy7 -conjugated anti-C@8 (clone 53-6.7), PE-Cy7-conjugated anti-CD69 (clone

H1.2F2), eFluor 660-conjugated anti-NKp46 (cloneA294). After washing, cells were



permeabilized for 20 min with cytofix/cytoperm KBD Biosciences, France) and stained
with PE-conjugated IL-4 (clone 11B11), APC-conjweghtanti-IL-5 (clone TRFK5), APC-

conjugated anti-IL-13 (clone ebiol3A, eBioscienoe)APC-conjugated anti-FoxP3 (clone
FJK-16s, eBioscience). All antibodies used in thisre from BD Biosciences, unless
otherwise specified. Data were acquired using FAG@&to Il flow cytometer and analyzed

using Diva and FlowJo software.



Supplementary figure legends
Figure E1: Flow cytometry sorting of human ILC susbsets

PBMCs depleted from lineage positive cells werénstha with anti-CD45, anti-CD117, anti-
CD127, anti-CRTH2 antibodies and a lineage cocktaihprising anti-CD3, anti-CD11c,
anti-CD14, anti-CD16, anti-CD20, anti-CD34, anti-CX3 and anti-TCR[ antibodies. ILC
subtypes, i.e. ILC1ls (LineageCD45, CD127, CRTHZ, CD117), ILC2s (Lineagg
CD45', CD127, CRTHZ) and ILC3s (Lineage CD45, CD127, CRTHZ, CD117) were
isolated using a cell sorter. All gates were setbaped on reactivity with relevant isotype
controls. A) Gating strategy,B-D) purity of ILC1, ILC2 and ILC3 sorted populatiomss

controlled after each experiment. Representativglbds are shown.
Figure E2: Impaired IL-4"TCRB" cellsand IL-5" TCRS" cells in absence of PKC-8.,

HDM sensitized WT and PK®? mice were challenged three times with HDM extract.
Twenty hours after the third HDM challenge at day lling mononuclear cells from WT and
PKC-9" mice were isolated and restimulated for 4 h wiMAP(50 ng/ml) and ionomycin
(750 ng/ml) in presence of Brefeldin A followed bytracellular staining of CD45, TR
CD4 and CD8 and intracellular staining of IL-4ACC) or IL-5 (D-F). (A-F) Representative
dot plots and scatter plot are shown. Values aartban + .s.e.m. of 4 mice for saline group

and 8 mice per group for HDM group.<m®.05; **P<0.01. n.s., not significant.

Figure E3. Reduced activated T cells and Treg cells recruitrrethe absence of PK@&-

CD45,CD3, TCRB[I[], CD4, CD69 and FoxP3 expression on lung mononucielés were

shown. A-G) Representative dot plots, the absolute numbexs the frequency of



CD45CD3¢€ (C), CD4'CD69" (D) and TCRB'FoxP3 cells F,G). These experiments were
performed twice. Values are the mean + s.e.m. &f ofice for saline group and 8 mice per

group for HDM group. *R 0.05; ** P< 0.01.

Figure E4: Smilar number of CD45"NKp46" cellsin lung in absence of PKC-6.

HDM sensitized WT and PK®Z mice were challenged three times with HDM extra#s

C) Twenty hours after the third HDM challenge at d&y lung mononuclear cells from WT
and PKCO®” mice were isolated followed by extracellular stain of CD45, NKp46.
Representative dot plots and scatter plot are shdalues are the mean + .s.e.m. of 4 mice

for saline group and 8 mice per group for HDM grooys. not significant, **R0.01.

Figure E5. Antigen uptake and processing and HDM activated @emote T-cells
proliferation of naive CD4+ T cells from PK&-

(A-C) Invitro antigen uptake and processing on BMDCs from WTRIKE-6" mice MFI of
OVA-FITC (a), OVA-DQ (b) and MHCII+ DCs (c) were awn. O©-F) IL-1qa, IL-1p and IL-

10 levels in BMDC culture supernatan@)(CFSE labeled CD4+ T cells from naive WT or
PKC-8 mice were cocultured with untreated or HDM-trea®d@-DCs at a ratio of 1:10 (T
cells:DCs) for 3 days.H) IL-2 levels in the supernatant. Data are reprisgme of two
independent experiments (n = 4 mice per group)al@a¢ presented as mean + s.e.m. ; n.s.,

not significant, * B 0.05; ** P< 0.01; *** P< 0.001.

Figure E6. ILC2 cells transfer from Rag2’Ly5.1 mice restored eosinophilia and Th2
cytokines in PKC8”" mice.
(A) Recombinant IL-33 was administered by intranasate toRag2”Ly5.1 mice for 5 days.

Twenty four hours after the last IL-33 administoati lung mononuclear cell were isolated



and stained with lineage markers and ILC2 wereeso) Purified ILC2s fromRag2’Ly5.1
mice were adoptively transferred into WT or PRCollowed by four HDM challenges.
Broncho-alveolar lavage (BAL) was performed andltaells, eosinophils and lymphocytes
recruitment in BALF were determinedC) IL-4, IL-5 and IL-13 levels in cell culture
supernatant of lung mononuclear cells after antB&€OD28 restimulation were showrD (
G) Proliferation defined as Ki-67 expression on ltdtaC2, transferred ILC2 (CD45'1
ILC2") were shown.H, 1) IL-5 and IL-13 producing TCR CD4" cells in the lung were
assessed. Data are representative of one experiment4-8 mice per group). Data are

presented as mean £ s.e.m. ; n.s., not signifi¢dnt,0.05; ** P< 0.01; *** P< 0.001.

Figure E7. Adoptively transferred wild type ILC2 cells proliferated in PKC-8" mice.

Recombinant IL-33 was administered by intranasaledoRag2” Ly5.1 mice for 5 days. Twenty four
hours after the last IL-33 administration, lung roouclear cell were isolated and stained with limeag
markers and ILC2 were sorted. Purified ILC2 frRag2’Ly5.1 mice were adoptively transferred into
WT or PKCO" mice followed by four HDM challengesA( F) Frequency and absolute cell counts of
ILC2*, ILC2'IL-5" and ILCZIL-13" populations are givenG{ N) Frequency and absolute cell counts
of ILC2'Ki-67, ILC2'CD45.T and ILCZCD45.TKi-67"il-13" populations were shown. Data are
representative of one experiment (n = 4-8 micegpeup). Data are presented as mean + s.e.m.; n.s.,
not significant, * B 0.05; ** P< 0.01, *** P< 0.001. Data are representative of one experiment (n

= 4-8 mice per group). Data are presented as mesae.m. ; n.s., not significant, *<rR).05;

** P<0.01; ** P<0.001.

Figure E8. Lung inflammation is established at day 14 aftey /DM immunizations

(A) WT mice were immunized twice (days 0 and 7) witbM (25 pug per mouse) by
intranasal route under Isoflurane anesthesia (8%itrol mice received saline alone. On day
14, BAL and differential cell counts were performd®-1) Total cells, eosinophils and

lymphocytes recruitment in BALAVluc5ac gene expression levels, and IL-13, IL-33, CCL17



and CCL24 productions in lung mononuclear cellsural supernatant after anti-CD3 or
HDM restimulation were shown. Data are presentedhaan = s.e.m. of 4 mice for saline

group and 8 mice per group; n.s., not significams 0.05; ** P< 0.01; ** P< 0.001.
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