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Summary

Allergic asthma is a serious multifaceted diseabaracterized by eosinophil-rich
airway inflammation, airway hyper-reactivity (AHRInd airway wall modifications
called remodeling. We previously demonstrated thatspores of two allergenic molds
Alternaria alternata and Cladosporium herbarumwere potent inducers of IgE
production. Moreover mice sensitized by two intrépeeal (i.p.) injections before
intranasal (i.n.) challenge with.alternataor C.herbarumspores developed an allergic
lung inflammation and hyperreactivity. Here we ngpan the effect of a chronic i.n.
administration ofC.herbarumspores orA.alternataextracts to unsensitized BALB/c
mice. Our results demonstrate that this chroniatinent leads to an increase of total
serum IgE and the appearance of specific IgE ar@l.gTotal cell number in
bronchoalveolar lavages (BALF) was highly increagsdompared to PBS treated mice
due to an accumulation of macrophages, neutroplyisphocytes and eosinophils.
AHR appeared after 3 weeks (extract) and 7 wegksr€s) and was maintained during
the whole treatment. Increased IL-13 mRNA expresgiathe lungs and Th2 cytokines

(interleukin-4, -5, -6 and -13) and transformingwth factorf secretion in BALF was

also observed. Lung hydroxyproline and fibronectiontents indicated increased
fibrosis in mold allergen treated mice. These olm&ns were confirmed by
histological analysis demonstrating an airway walinodeling and a strong mucus
production. These observations show that this madahg chronic i.n. administration
of relevant particulate allergens, is an intergstwol to study the mechanisms leading

to allergic pulmonary diseases and lung remodeling.



Introduction

Allergic asthma is a multifactorial chronic disease/olving both genetic and
environmental factors and characterized by a dysaéign of immunity. This
dysregulation leads to a strongly polarized Th2 imm response and a chronic
inflammation in the airways in response towardsoguous antigens as for instance
airborne allergens. [1] In asthmatic patients, ghaetration of allergens into the lungs
leads to an airway inflammation consisting of ai-peonchial infiltration of CD4 T
cells, macrophages, eosinophils and neutrophils taedpresence of these cells in
bronchoalveolar lavages (BALF). Asthmatic patierdiso present a goblet cell
metaplasia/hyperplasia and characteristic modi@oat of the airway wall including
epithelial hyperplasia, thickening of the basemerm@mbrane, subepithelial fibrosis,
increased airway smooth muscle mass and finallgiemay hyperreactivity (AHR) to
specific and non specific stimul2, 3]

So far, most experimental models of asthma hava Hegeloped in rodents and have
used chicken egg ovalbumin (OVA) as a surrogatergéh. Although these OVA
models have been valuable tools for the study ftdnmmatory mechanisms of asthma,
OVA bears little relationship with aeroallergenggent in daily environment and the
use of common aeroallergens involved in human astimay be more relevant to study
the pathophysiology of this chronic disease. Indidxedadministration of OVA through
the airway is incapable of inducing a broad sp&ctadl lung allergic changes and on the
contrary induces a relative persistent tolerogstade. [4,5] However, OVA is readily
capable of inducing goblet cell metaplasia, mucusrsecretion, airway eosinophilia,
peribronchovascular inflammation and airway hypgponsiveness if given

systemically in a series of priming doses, typicallith aluminum-based adjuvants



before pulmonary challenge. [6,7] These models dagp®n sensitization by systemic
administration of antigen (such as OVA) and subseatshort term challenge by
inhalation are experimentally very convenient amyenhbeen widely used. However
these short term exposure models are quite untikerdcurrent long-term exposure to
allergens experienced by humans. Therefore chrioh@lational challenge models of
asthma, in previously sensitized mice, using cdletloexposure to nebulized OVA
have also been developed [8, 9] allowing to stuide thronic inflammatory and
epithelial changes that typify asthma.

Recently we described a new acute mouse modehgfdilergy induced by the spores
of two well-recognized human allergenic mol@éernaria alternataandCladosporium
herbarum.[10] In contrast to Aspergillus which is an oppaistic pathogen causing
allergic and invasive diseases, spores from Alrgrend Cladosporium do not colonize
the lungs and are rapidly cleared. Spores frometlh@s moldsare important causes of
both allergic rhinitis and asthma and exposureiffooane spores oA.alternatamight
trigger severe asthma and represents a risk fdotorespiratory failure. [11] We
previously demonstrated that mice systemically iseed with A.alternata and
C.herbarumspores and then intranasally (i.n.) challenged ldgeel a typical allergic
airway inflammation and AHR. [10]

In this study we have analyzed the effect of chwami. instillations of mold spores and
extracts in naive mice and we demonstrate thattteetment induces a typical Th2
immune response characterized by a polyclonal lgEaaspecific IgE-IgG1 synthesis, a
lung inflammation containing numerous eosinophi® development of an AHR and
an important remodeling of the airway wall inclugli@pithelial hypertrophy, goblet cell

hyperplasia/metaplasia and subepithelial fibrosis.



Materials and methods

Mold cultures, spore production and mold extracgaration

Alternaria alternata(strain18586) was obtained from the BCEMHEM (Institute of
Public Health, Brussels, Belgium)ladosporium herbarum(strain 19275) was
obtained from the BCCMW/MUCL (Université Catholique de Louvain, Louvain,
Belgium). These molds were cultured at 27°C on tpotkextrose agar (Difco, detroit,
USA) plates for one week before gently harvestirggdpores with a cell scraper. Spores
were diluted in PBS and counted with a hemocytomete

Mold extracts were prepared as previously descridi@dl with slight modifications.
Mold cultures were grown for 3 weeks at 27°C irskis containing 250 ml of Czapek’s
medium. Mold pellicles were harvested and homogzhim 0.4% NHHCO; +
polyvinyl polypyrrolidone (Sigma) using an Ultra-Ofax. The homogenates were then
agitated for 3 hours at 4°C. Extracts were cerggtlitwice for 30 min. at 20,000g,

dialyzed against PBS and stored at —20°C.

Animals and immunizations.

Female BALB/c mice were obtained from the Elevagevier (Le Genest Saint Isle,
Francg and maintained under standard laboratory conditidiesinduce the allergic
lung inflammation, mice were instilled intranasahjth 2.10 spores or 5 pg of extract
(in 100 ul of PBS), twice a week, every Monday &matlay for ten to twelve weeks.
Similar experiments were also performed w@therbarumextracts andA.alternata
spores (not shown). Results obtained after a cbrmstillation of C.herbarumextract
were very similar to those obtained with thalternataextract. Chronic instillation of

2.1C A.alternataspores induced a cachexia, probably caused bghagibduction of



TNF-a in response to this quantity of spores and thezeéxperiments were stopped

after 5 to 7 weeks.

Control mice were instilled with PBS. Mice werehity anesthetized with isofluran
(Isoflo, Abbott laboratories, North Chicago, USAYhen the mice were unresponsive
but breathing comfortably, 100 pl of the spore xtract solution was directly applied
on the nostrils. The animals were allowed to slowhale the liquid and then to recover
in a supine position.

For intra-peritoneal (i.p.) immunizations mice wergected with 50ug of Keyhole
Limpet Hemocyanin (KLH, Pierce) in a final volum&300 ul, emulsified in Complete
Freund Adjuvant (CFA, Pierce) and boosted two welalkser with 50 ug of KLH
emulsified in incomplete Freund Adjuvant (IFA, Rie)y. Similarly mice were
immunized twice with KLH emulsified in Aluminum hyaokyde (Alum) (Imject Alum,
Pierce).

In all experiments, data shown are representatifeatoleast two independent
experiments (except once for Figure 3.) Result®wa@alysed using the paired student

test. Significanp values are indicated.

Antibody detection.

Mice were bled in the retro-orbital plexus 24 hoafter the last i.n. instillation and
antibodies in the sera were analyzed by ELISA. Tsgeaum IgE levels were determined
using a sandwich ELISA. Plates were coated witht anti-mouse IgE mAb (LO-ME-2,

IMEX, UCL, Brussels, Belgium) and saturated witloteins from skimmed milk. Serial

twofold dilutions of serum or purified monoclonaloose IgE (LB-4, IMEX) were

applied for 2 h. Peroxidase labeled rat anti-molgge (LO-ME-3) was then added.



Finally plates were washed and developed by thetiaddof 100 ul of TMB
(Immunopure TMB substrate kit, Pierce Biotechnologpckford, USA). The reaction
was stopped with 50 pl of 2N,HO, and O.D. was read at 450 nm with an automatic
Multiskan Reader MCC/340 (Titertek, Huntsville, US/Aerum titer was converted to
IgE concentration by comparison with a purified #B-standard. Similar
immunoglobulin concentrations for serum were catad when serum and standard
were titrated at any point of the linear part @ thration curve.

Mold specific IgE and 1gG1 levels were determinesing an indirect ELISA. Plates
were coated with mold extracts and saturated. Sevifold dilutions of serum were
applied for 16 h. Peroxidase labeled rat anti-mdgEe(LO-ME-3) or anti-mouse 1gG1
(LO-MG1-13) were then added during 3 h. Finallytptawere washed and developed

by the addition of 100 ul of TMB.

In vitro spleen cell restimulation

Spleens were removed aseptically one week aftersdeond KLH immunization.
Spleen cells (5xT0cells in 200u) were cultured in triplicate in @&ll round-bottom
microwell plates in RPMI 1640 medium supplementeith vgentamycin, 2mM L-
glutamine, 5.1 M 2-mercaptoethanol, 10% FCS with or without KLHD(/ml) or
Pokeweed Mitogen (PWM, 4ug/ml, Sigma). Culturesemeraintained in 5% CgQat
37°C for three days and then supernatants wereatetl and analysed by ELISA for

the presence of IFN; IL-4 and IL-13.



Bronchoalveolar lavages.

Mice were euthanized by cervical dislocation 24rsafter the last i.n. instillation. The
trachea was exposed and incised. A needle (1.2x) was inserted into the trachea
and BAL fluid was harvested by rinsing the lungscevwith 1 ml of PBS. Total cell
counts were determined with a hemacytometer. Riffeal cell counts were obtained
by examining at least 500 cells on cytospin slidgemned with Diff-Quick (Dade

Behring, Deerfield, USA).

Measurement of airway reactivity

AHR was measured within 24h after the last ingtdla in response to methacholine
inhalation using a whole-body plethysmography sys(EMKA, Paris, France). Mice
were placed in the plethysmograph box and alloveedctclimatize for at least 5 min
before analysis. Control measurements were obtadwed a period of 5 min directly
after a 3 min nebulization of PBS generated by ltmasonic nebulizer (LS Syst'AM,
France). Afterwards, increasing concentrations effracholine (12.5, 25 and 50 mg/ml)
in PBS were nebulized into the plethysmograph wm3fmin. Immediately after each
nebulization the enhanced paus&g.f), a dimensionless index that reflects changes in
the amplitude of the pressure waveform and expiyatone, were recorded and
averaged for 5 mirRP.nn measurements have been validated by Hamelmann[&8jain
regard to identification of AHR since the heighteémecrease iPe,, with methacholine
challenge in OVA-sensitized/challenged mice was oagmanied by a parallel
enhancement of lung airway resistance) (fRsponses to the methacholine with a high

correlation betweeRe.nand R.



Total RNA extraction and IL-13 mRNA gquantification

Total RNA was extracted from perfused lungs witiedlr (Invitrogen), accordintp the
manufacturer’s instructions. Residual DNA contartiotawas removed blyeatment of
the samples with DNA-free kit (Ambion, AustitJSA). One ug RNA was reverse
transcribed usinguperScript Ill Reverse Transcriptase (Invitrogesth 350 pmole
random hexamers (Eurogentec, Seraing, Belgiura)final volume of 25 pl. Resulting
cDNA was then dilutedOx and used as template in subsequent polymetzsa c
reaction (PCR).

Specific  primer sets were as follows (Invitrogen):IL-13  sense
AGACCAGACTCCCCTGTGCA IL-13 antisens@GGGTCCTGTAGATGGCATTG IL-13
probe (FAM-TAMRA) CGGGTTCTGTGTAGCCCTGGATTCLC R-actin  sense
AGAGGGAAATCGTGCGTGAG R-actin antisenseAATAGTGATGACCTGGCCGT For
IL-13 and R-actin mMRNA quantification, standarddl aamples (2,5 piyere amplified
with 300 nM of each primer and probe using respebti Tagman PCR Mastéix
(Applied Biosystems, Foster City, USA) and SYBR &rd?CR Master Mix (Applied
Biosystems) in a total volume of 20 pl. PCR wasfqrered on an ABI Prism 7000
Sequence Detector (Applied Biosystems) accordinthéofollowing program : 2 min
50°C, 10 min 95°C, (15 s 95°C, 1 min 60°C) x40.i&8atilutions of a positive control
sample of cDNA were usexs standards for quantification. Results were tatled as a

ratio of IL-13 expression to the expression ofridference gene, 3-actin.

Cytokine detection

Cytokines were measured in BALF obtained 24 hoties ¢he last i.n. inoculation. The
levels of IL-4, IL-5, IL-6, IL-10, IL-13, IFNy and total TGH3 were quantified by
ELISA (sensitivity were 2 pg/ml, 7 pg/ml, 1.8 pg/ml pg/ml, 1.5 pg/ml, 2pg/ml and



4.6pg/ml respectively) using Quantikih&its according to the instructions provided by

the manufacturers @ systems, Minneapolis, USA).

Quantification of fibrosis markers

Collagen deposition was estimated by measuringhytaeoxyprolinecontent of whole
lung and soluble collagen in lung homogendtes.hydroxyprolinessays, the lung was
excised, homogenized, and hydrolyzedh HCI overnight at 110°C. Hydroxyproline
was assessed Imgh-performance liquid chromatography analysis] [d4d datavere
expressed as micrograms of hydroxyproline per IUgublecollagen levels were
estimated by Sircol collagen assay followihg manufacturer’s protocols (Biocolor,
Westbury, USA)Fibronectin was measured in BALF BY.ISA as previously detailed

[15].

Histological analysis.

Tissues for histopathological examination were extidd 24 hours after the last i.n.
instillation. Mice were euthanized by cervical disdtion, the trachea was canulated and
the lungs were inflated with 4% buffered formalifter fixation overnight, the lungs
were embedded in paraffin. Tissues were sliced5pen sections were stained with
Hematoxylin-Eosin-Safran (HES) for light microscomxamination of the lung
inflammation, with Periodic Acid Shiff (PAS) for ¢hdetection of mucus producing

cells and Masson trichrome for the detection ofagmn.
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Results

Chronic i.n. instillation of A.alternata extract @.herbarum spores into naive BALB/c
mice induces a polyclonal IgE production and a sgon of specific IgG1 and IgE
antibodies

We previously demonstrated that the spores .afternataand C.herbarumare potent
inducers of polyclonal IgE and specific IgG1 andles synthesis when injected twice
i.v. to BALB/c mice [10]. In order to analyse thkiléy of mold spores and extracts to
trigger a systemic Th2 response when introducednitally into the airways, naive
BALB/c mice were instilled i.n. twice a week witA.alternata extracts (5ug) or
C.herbarumspores (2.10spores) and ten weeks later antibody synthesidgihderum
levels were measured. As shown in Figure 1, atetiek of this treatment, total serum
IgE levels were highly increased in both groups@spared to the PBS-treated control
group and there was no significant difference betwigE levels of mice instilled with
the spores or the extract. The chronic i.n. adstiation of mold spores or extracts also
led to the production of specific IgE and IgG1 bhatlies in the serum (Figure 2)
although these synthesis were lower in mice imstilith spores than with extract.
PBS-instilled mice did not produce any specific IQE IgG1 antibodies. We were
unable to detect any secretion of specific IgG2@badies in mold spore or extract-
treated mice (not shown). These results clearlyahstnate that these antigens are able
to induce systemic type 2 response when introdwtednically into the airways. In
order to analyse the consequences of this systéype 2 activation on specific
antigenic responses, mice were chronically instilgth A.alternata extract or PBS
during three weeks. Then mice were immunized iijph wKLH emulsified in CFA or

Alum and boosted with KLH in IFA or Alum respectiyeOne week after the boost
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spleens were removed and the cells were restintuiateitro with medium, KLH or

PWM. Supernatants were collected and analysech&ptesence of the prototypal Thl
cytokine IFNy and the Th2 cytokines IL-4 and IL-13. As shownFigure 3, spleen
cells from mice immunized with KLH emulsified in @AFA or with Alum and
restimulated with PWM produced high levels of If§N-IL-4 and IL-13. When
restimulated with KLH, spleen cells from mice imnmed with KLH emulsified in
CFA/IFA secreted more IFN-while cells from mice immunized with KLH in Alum

produced more IL-4 and IL-13. However there wasdifterence in the secretion of
these cytokines between mice instilled with the dnektract and control PBS mice,
indicating that the systemic Th2 activation indudsdchronic mold exposure did not

influence the T cell response induced by i.p. iggcof an unrelated antigen.

Chronic i.n. instillation of A.alternata extractsr &C.herbarum spores induces the
appearance of inflammatory cells in BALF

BALB/c mice sensitized by two i.p. injections Afalternataor C.herbarumspores and
then challenged i.n. develop a strong allergicamiination into the airways consisting
of an accumulation of macrophages, neutrophilsinepsils and lymphocytes around
the bronchiols and an accumulation of these celtbeir BALF [10]. To investigate the
type of inflammation induced during a chronic exjresto mold allergens, BAL cells
were examined in naive BALB/c mice chronically ilket i.n. for 10 weeks with PBS,
A.alternataextracts oiC.herbarumspores. The presence of inflammatory/immune cells
was detected in BAL after 3 (extract) to 5 (spomesgeks of treatment (not shown).
After ten weeks of treatment, the total number @fscobtained in the BAL of mold

spores or extract treated mice were highly incr@asecompared to the number of cells
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In BALF from the PBS treated group (Figure 4A). Arsés of the different cell

subpopulations showed that i.n. spores or extiast#lations led to the recruitment of a
high number of macrophages, neutrophils, lymphacyed eosinophils (Figure 4B).
This increase in the numbef eosinophils in the airways has been considesed a

hallmark of allergic asthma [3].

Chronic i.n. instillation of A.alternata extractsr aC.herbarum spores leads to a
sustained airway hyperreactivity.

Whole body plethysmography was used to assessetledapment of AHR. Measured
Penn Values from BALB/c mice chronically instilled i.nduring 10 weeks with
A.alternataextracts orC.herbarumspores were compared to those from PBS treated
mice. In PBS treated mice, no AHR was observetiéncburse of the experiment. Mice
chronically instilled withA.alternataextracts did not show any AHR during the first
two weeks of treatment. On week 3 AHR appeared ranthined stable during the
whole treatment (Figure 5). In contrd&f,, values of mice instilled witlC.herbarum
spores were only slightly increased at week 3 armlitS5strong AHR was obtained at
week 7 and 9. Two weeks after the end of the latbh AHR of A.alternataextracts or
C.herbarumspores treated groups was not modified as compar&tiR observed after

9 weeks of i.n. instillation. Six and ten weeksathe end of treatment, AHR decreased

but was still above baseline levels observedenctintrol PBS-treated group.

Chronic i.n. instillation of A.alternata extracts &.herbarumspores increases Th2
cytokine lung production
IL-4, -5 and -13 are Th2 cytokines playing key datpory roles during allergic airway

inflammation [16-19].Expression of IL-13 mMRNA was measured by quantiaiT-
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PCR in the lungs of extract treated mice as contpare®BS treated mice. Figure 6A
shows that IL-13 mMRNA was already strongly overfesged in the lungs of mold
extract treated mice after 3 weeks and remainedtanhduring the whole experiment
while IL-13 expression was not increased in PBSrobmice as compared to untreated
mice. The presence of IL-13 in BALF was confirmeg BLISA after 10 weeks of
treatment. As shown in Figure 6B a low concentratd IL-13 was found in BALF
from control mice while IL-13 was significantly ireased in BALF from mice
chronically instilled with eitherA.alternata extract or C.herbarum spores. The
concentrations of IL-4, IL-5, IL-6 and IL-10 werdsa measured by ELISA in the
BALF of A.alternataextract treated mice. A significantly higher conication of IL-4,
IL-5 and IL-6 was observed in BALF from extractared mice as compared to PBS

treated mice while IL-10 concentrations showed igmiScant variation. Interestingly

BALF levels of the pro-fibrotic mediator TGE-were also increased in mice treated
with A.alternataextracts (Figure 7). Finally, IFM-was below detection level in these

BALF (not shown). These data clearly indicate ttreg mold extract and spores are

strong and specific inducers of Th2 immunity.

Chronic i.n. instillation of A.alternata extracts €.herbarumspores induce an airway

wall remodeling.

Chronic human asthma is characterized by a chranray inflammation but also by

modifications of the airway wall, called remodelinguch as subepithelial fibrosis,
mucus production and epithelial proliferation. Tdraplitude of the pulmonary fibrosis

induced by the chronic i.n. instillation éf.alternataextracts was determined after 10

weeks of treatment by measuring lung hydroxyprolsmuble collagen and fibronectin,
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as well as by histology. As compared to PBS treaadnals, mice exposetb
A.alternataextracts presented an increase of hydroxyprolimtesaluble collagen and a
high concentration of fibronectin in the BALF (Frgu8).Histological examination of
A.alternata extract and C.herbarumspores treated mice confirmed the biochemical
evidence of a remodeling. Masson’s trichrome stgindf lung sections showed a
pronounced thickening of the airway epithelium afldhextract or spore treated mice as
compared to PBS treated mice and more importanstyaang accumulation of collagen
beneath the airway epithelium of the former micgFe 9 A to F). No alveolar fibrosis
was observed. In addition, PAS staining of lungtisas from PBS instilled mice
showed almost no goblet cells while numerous got#éis were present in the airway
epithelium of chronically instilled mice (Figure@ to I). Finally, in accordance with
the observations in BALF, an intense inflammatiorperi-vascular and peri-bronchial
areas containing numerous eosinophils was obsemdd no inflammation could be
detected in PBS-treated mice (Figure 9 J to L).

Discussion

We previously demonstrated that mold spores fAoaiternataand C.herbarum when
injected i.p. into BALB/c mice induce the productiof specific IgG1 antibodies and
strongly increase IgE serum levels [1Blere we confirm and extend these results
showing that mice chronically exposed only througk airways withC. herbarum
spores OA. alternataextract in the absence of adjuvant mount a spelgfs1l and IgE
antibody response and present an increased serbintdgcentration. However this
strong non specific systemic Th2 response doesnflaence specific T cell responses

and their production of IFN5 IL-4 and IL-13 induced by an i.p. immunizationthvan

unrelated antigen (KLH).
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Shang et al. [20] have elegantly shown that thespecific polyclonal IgE production
observed during a Th2 response was due to an esthgmoduction of IgE by already
activated and committed B cells in the spleen aad dependent on IL-4. We believe
that a similar mechanism might be responsibleHerihcrease of IgE serum levels after
inoculation of the mold spores or extracts.

Since IgE secretion is completely dependent oratlivation of Th2 cells [21], these
results suggest that T cells secreting Th2 cytakiswe also activated. This activation
was confirmed by the up-regulation of IL-13 mRNApeassion in the lungs and the
presence of high levels of IL-4, IL-5 and IL-13tive BALF of chronically treated mice.
The lung inflammation induced in mice chronicalhsiilled with C.herbarumspores
and A.alternata extract was characterized by the presence in ke & numerous
macrophages, lymphocytes, eosinophils and neuloph®ur previous study
demonstrated the presence of neutrophils in BAlhafe mice inoculated with mold

spores and a strong up-regulation of Mi@-MIP-2 and eotaxin mRNA into the lungs

while we noted that the accumulation of eosinopimte the lungs required a previous
systemic sensitization [10]. However in the chroséttings of this study, neutrophils
and eosinophils accumulated in the lungs withoyt@evious systemic sensitization as
also observed in human asthma [22]. Accumulatioeasinophils in the airways is a
hallmark of allergic asthma [3] and these cellsehavcritical role in allergic airway

remodeling [23]. Indeed, eosinophils are a maura® of the pro-fibrotic factor TGB-

[24] and eosinophil-derived cationic proteins can indtinee production of remodeling
factors by lung epithelial cells [25]. A correlati has also been noticed between

severity of asthma and number of neutrophils emahway [26]. In severe asthma the

16



neutrophils are in an activated stage and therdikety contribute to tissue damage
[27] and neutrophils in the presence of IL-8 cacrease the trans-basement membrane
migration of eosinophils [28]. Moreover in a mousedel of airway allergy induced by
Aspergillus fumigatusgepletion of neutrophils resulted in reduced AHTd eemodeling
whereas conditional transgenic overexpression o€CKXin airway walls, leading to
increased accumulation of only neutrophils in thegls, worsened the allergic responses
[289]. Activation of innate immunity and recruitmeat neutrophils in response to
Aspergillus fumigatusias been shown to be mediated by Dectin-1, arténnanune
receptor expressed on alveolar macrophages andopbils. Dectin-1 specifically

recognizes funggB-glucans and triggers the inflammatory responsethadelease of
MIP-1a, MIP-2 and TNF-a [ 30-32] . Since spores and extracts frénalternata and

C.herbarumare rich inf3-glucans, a similar mechanism involving the rectigni of

these pathogen-associated molecular patterns bytinElec might explain the
accumulation of neutrophils in the airways of checafly treated mice. Another
explanation could be the presence of LPS in ourespnd extract preparations but this
seems not very likely since the concentration oSLIR our extract was very low
(between 3 and 6 U/ml analysed with the QCL-100Q. Biowittaker, corresponding
to 0.15-0.3 U per instillation).

Mice chronically instilled withA.alternataextract developed an AHR 3 weeks after the
beginning of the treatment that remained constanhg the whole experiment and did
not return to baseline levels even 10 weeks aéiasiog the instillations. AHR appeared
at week 7 in mice treated wit@i.herbarumspores, remained stable two weeks after
termination of the experiments and then declineavisl. These differences concerning

the evolution of AHR could be explained by intrmsiifferences between the two

17



molds but it is more likely that the quantity ofaélable allergens was higher in the
extract than in the spore inoculum. Moreover prateinstilled into the lungs are
directly available to antigen presenting cells waar spores need to be engulfed and
processed.

In this study we also observed that a chronic tneat with theC.herbarumspores and
A.alternata extract led to an increase of lung hydroxyproliseluble collagen and
fibronectin levels indicating that a remodeling ggss was occuring. This remodeling
was confirmed by histological analysis showing iakéning of the airway epithelium,
an accumulation of goblet cells and a strong subejpal fibrosis. Subepithelial fibrosis
is one of the predominant characteristics of airwamodeling observed in human
asthma and is of great concern since several stidiee linked the intensity of fibrosis
to the severity of the disease in patients [33,RBjogenesis is thought to result from a
chronic inflammation mainly characterized by thero#gment of eosinophils and
activated lymphocytes. Upon stimulation these caliswell as resident epithelial cells,
release inflammatory mediators and growth factéeading to the activation and
proliferation of fibroblasts and to the accumulatiof the extracellular matrix proteins
[35]. Two cytokines detected in our model, IL-13dafRGF{3 are well known pro-
fibrotic mediators [36]. It is therefore likely théhe remodeling process observed in our

chronic model is linked to the production of both13 and TGH while other non-

detected factors might also be contributing to tegponse.

One of the striking result of this study was therelepment of the allergic response
after a chronic i.n. instillation of mold sporesextracts in the absence of any systemic
sensitization. This immune activation is in contrés the induction of tolerance

generally observed after exposure of the airwayasacto soluble antigens by i.n.
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administration [37]. Indeed i.n. exposure of mioesbluble OVA results in peripheral
CD4" T cell unresponsiveness that leads to preventigkHR, lung inflammation and
specific IgE production [38]. However the same OVA exposure leads to a lung
allergic phenotype and an abrogation of toleraho@de are pre-sensitized with the use
of adjuvant. In contrast to OVA, natural allergessfor instancéspergillus fumigatus
antigens or ragweed pollen extract have been shiwalicit robust allergic lung
inflammation when inoculated into the airways ofveamice and this response was
dependent upon a proteolytic activity necessarpyjpass the tolerogenic response to
inhaled antigens [39]. Indeed, natural allergenplicated in asthma are often either
proteases or strongly associated with proteaseitgcsuch as Der P1 [40] and Fel D1
[41]. Der P1’'s ability to induce proinflammatory tokine release from respiratory
epithelial cells is known to be mediated by actosatof protease-activated receptor
(PAR)-2 on these cells [40] Exogenous PAR-2 adtwvatin parallel with OVA
challenge enhances allergen-mediated AHR and aimfigmmation [42]. Moreover,
PAR-2 activation also leads to the release of ntedissuch as eotaxin, GM-CSF and
metalloproteinases [43, 44RA.alternata and C.herbarum extracts possess a high
protease activity and are potent inducers of elitheell desquamation and production
of pro-inflammatory cytokines (IL-6 and IL-8) whicls strictly dependent on the
protease activities of these extracts [45]. Oua daggest that PAR-2 activation through
protease activity from mold allergens might expldie inhibition of tolerance and the
stimulation of lung inflammation by the allergemsted. Further experiments will aim
at analysing the importance of the extract peesctivity in this model.

In conclusion, we have descibed in this study aseauodel of lung allergy that does

not require any sensitization, uses relevant pddie or proteic allergen from non
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invasive molds, induces allergic inflammation, AHRRd subepithelial fibrosis. This
model could be an interesting tool to dissect tleelmanisms leading to the activation of
allergic immune responses in the lungs and remuogledind for the design of new

therapeutics.
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Legend to the figures

Figure 1. Polyclonal IgE synthesis induced by chronic i.rstillations of Alternaria
alternata extract andCladosporium herbarunspores. BALB/c mice were chronically
instilled i.n. with PBS, with 5 pg oAlternaria alternataextract or 2.19 spores of
Cladosporium herbarurfor 10 weeks. Twenty four hours after the lastiilagton mice
were bled and total IgE levels were determinedn8aant differenceg** P<0.05, ***
P<0.01) between values from extract or spores treate@ wecsus PBS treated mice.
Figure 2: Specific IgE and IgG1 antibody synthesis inducedlwpnic i.n. instillations
of Alternaria alternataextract andCladosporium herbarurapores. BALB/c mice were
chronically instilled i.n. with PBS, with 5 pg @f.alternataextract or 2.19spores of
Cladosporium herbarurfor 10 weeks. Twenty four hours after the lastiilagton mice
were bled and specific IgE and IgG1 were determibeda represent the mearSEM

of the Ays0 values of 5 to 7 mice per group.

Figure 3: Chronic i.n. instillations oAlternaria alternataextract do not influence the T
cell response induced by immunization with a moadetigen. BALB/c mice were
chronically instilled twice a week i.n. with PBS wiith 5 pg ofA.alternata extract
during the entire experiment. Three weeks after ibginning of instillations, mice
were immunized i.p. twice with 50pug of KLH emulsifi in CFA or in Alum. Mice
were boosted two weeks later with 50pg of KLH enfigld in IFA or in Alum
respectively. One week after the KLH boost, spleglifs were restimulated vitro for
three days with medium only or medium supplemenigith KLH or PWM. The

concentrations of IFN- IL-4 and IL-13 in supernatants were measured DB E.
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Figure 4: Inflammatory cell recruitment in the lungs @.alternata extract and
Cladosporium herbarunspore-treated mice. BALB/c mice were chronicahgtilled
i.n. with PBS, with 5 pg ofA.alternata extract or 2.19 spores ofCladosporium
herbarumfor 10 weeks. (A) BALF was collected 24 h aftee fast instillation and the
total cell number was determined. (B) Different@ll count of the inflammatory
subpopulation in BALF 24 h after the last instilbet. Data represent the mearSD of
5 to 6 individual mice per group.

Figure 5: Mice chronically instilled withAlternaria alternataextract orCladosporium
herbarumspore develop a sustained AHR to inhaled methawhdBALB/c mice were
chronically instilled i.n. for 10 weeks with PBS % of Alternaria alternataextract or
2.1C¢ spores of Cladosporium herbarum P, Were measured by whole body
plethysmographwfter 3, 5, 7, 9 and 11 weeks. Results are expesseneans SEM
of 5 to 7 mice per group.

Figure 6: (A) Chronic instillations of Alternaria alternata extracts induce the
production of IL-13 mRNA in the lungs. BALB/c miceere left untreated (NT),
chronically instilled i.n. with PBS or with 5 pug éfiternaria alternataextract for 10
weeks. At indicated time points (24 hours after it instillations) total RNA was
extracted from the lungs and transcriptional levefs IL-13 were analysed by

quantitative RT-PCR. Data represent the me&D of triplicate assays. (B) Chronic

instillations of Alternaria alternataextracts orCladosporium herbarurspores induce
an accumulation of IL-13 into the BALF. BALB/c miagere chronically instilled i.n.
with PBS, with 5 ug ofAlternaria alternataextract or 2.19spores of Cladosporium
herbarumduring 10 weeks. 24 hours after the last instdtaBALF were collected and

IL-13 concentrations in BALF were analysed by ELIS3ignificant differences (***

29



P<0.01) between values from extract or sporeseieatice versus PBS treated mice.

There was no significant difference between extvacsus spores-treated mice.
Figure 7: Quantification of IL-4, IL-5, IL-6, IL-10 and TGRB- concentrations in the
BALF of mice chronically instilled withAlternaria alternataextract. BALB/c mice
were chronically instilled i.n. with PBS or with bg of Alternaria alternataextract
during 10 weeks. BALF were collected 24 h afterldst instillation and IL-4, IL-5, IL-
6, IL-10 and TGH3 concentrations were determined by ELISA. Signiitcdifferences
(** P<0.05, *** P<0.01) between values from extract-treated mice ver&S-fPeated
mice for IL-4, IL-5, IL-6 and TGH3. Non significan{N§ for IL-10.

Figure 8: Levels of hydroxyproline in lung homogenates, stdulzollagen in
supernatents of lung homogenates and fibronectinBALF of BALB/c mice
chronically instilled for 10 weeks with PBS d&lternaria alternata extracts. 1*
P<0.05.

Figure 9: Histopathological changes in the lungs of mice olually instilled with
Alternaria alternataand Cladosporium herbarumBALB/c mice were instilled i.n.
during 10 weeks witlPBS (left column)Alternaria alternataextracts (middle column)
or Cladosporium herbarurn{right colum). The fist two rows show lung secsastained
with Masson trichrome. The third row shows lungtees stained with PAS and the

last row lung sections stained with HES.
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