Accepted Manuscript

Interleukin-17 (IL-17)-mediated immunity controls skin infection and T helper 1
response during experimental Microsporum canis dermatophytosis

V.L. Burstein, L. Guasconi, |. Beccacece, M.G. Theumer, C. Mena, I. Prinz, L. Cervi,
M. Herrero, D.T. Masih, L.S. Chiapello

PII: S0022-202X(18)31735-4

DOI: 10.1016/}.jid.2018.02.042

Reference: JID 1362

To appearin:  The Journal of Investigative Dermatology

Received Date: 16 May 2017
Revised Date: 9 February 2018
Accepted Date: 15 February 2018

Please cite this article as: Burstein VL, Guasconi L, Beccacece |, Theumer MG, Mena C, Prinz |, Cervi
L, Herrero M, Masih DT, Chiapello LS, Interleukin-17 (IL-17)-mediated immunity controls skin infection
and T helper 1 response during experimental Microsporum canis dermatophytosis, The Journal of
Investigative Dermatology (2018), doi: 10.1016/].jid.2018.02.042.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.jid.2018.02.042

TITLE
Interleukin-17 (IL-17)-mediated immunity controlskis infection and T helper 1

response during experimenddicrosporum canis dermatophytosis.

AUTHORS
Burstein, V. L}, Guasconi, L%, Beccacece 1. Theumer M. G, Mena C., Prinz 12,

Cervi LY, Herrero M, Masih D.T! and Chiapello L.S.

AFFILIATIONS

!Departamento de Bioquimica Clinica, Facultad den@is Quimicas, Universidad
Nacional de Cdérdoba. Centro de InvestigacionesieguBmica Clinica e Inmunologia
(CIBICI) CONICET. ARGENTINA.

“Hannover Medical School, Institute of Immunologye 6240, Building 1-11, Level 02,
Carl-Neuberg-Str. 1, D-30625 Hannover, GERMANY.

*Hospital Cérdoba, Cérdoba, ARGENTINA.

CORRESPONDING AUTHOR:

"Departamento de Bioquimica Clinica, Facultad den€#s Quimicas, Universidad
Nacional de Cdérdoba. Centro de InvestigacionesieguBmica Clinica e Inmunologia
(CIBICI), CONICET. ARGENTINA.

Medina Allende y Haya de la Torre, Ciudad Univensg&. X5000HUA, Cérdoba.
ARGENTINA.

e-mail: chiapello@fcg.unc.edu.ar.

Phone: 54-351-5353850- 3146/3147

Fax: 54-351-4333048



SHORT TITLE

IL-17-mediated immunity in dermatophytosis.
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ABSTRACT

Despite worldwide prevalence of superficial mycos#dse immune response in
dermatophytosis has scarcely been investigatetthidrstudy, we developed a model of
superficial skin infection in C57BL/6 mice wit¥licrosporum canis, a highly prevalent
human pathogenThis model mimics mild inflammatory human dermdtgiosis,
characterized by neutrophil recruitment and fungaasion limited to the epidermis,
and exhibits the establishment of a specific T &elly (Th17) immune response during
infection. By using IL-17RA or IL-17A/F deficient ise we showed that, in the absence
of a functional IL-17 pathwayM. canis extensively colonizes the epidermis and
promotes an exaggerated skin inflammation and & &hian IFNy-mediated (Th1l)
response. Strikingly, IL-17 signaling was not inxed in neutrophil influx to skin or
fungal invasion to deeper tissues. Finally, thisdgtdemonstrates that skin langerin-
expressing cells contribute to the antifungal Thdsponsen vivo.

In conclusion, these data directly demonstrate @ function of IL-17 cytokines in
dermatophytosis by controlling superficial infectiaand down-modulating a Thl

antifungal response.

INTRODUCTION

Microsporum canis is a zoophilic dermatophyte fungus that causeslyigrevalent
superficial infections of the scalfirfea capitis) and body (ringworm ctinea corporis)
with mild or severe inflammatory clinical symptorf@shiapello et al., 2011; Hay, 2007;
Spesso et al., 2013). Immunocompromised patienterpgrience extensive or atypical

skin infection, with a high treatment failure réfechterman and White, 2012).



Despite worldwide prevalence of dermatophyte inées, a good understanding of
immune response during dermatophytosis is stillsieks Neutrophil recruitment,
enhanced epidermal proliferation and antimicrolpaiptide expression have been
associated with host protection in human and ewpental infections (Hube et al.,
2015). Furthermore, dermatophytes induce a speadeptive immune response that
promotes clinical recovery and is protective agamesinfection (Hay, 2017). Host
protection has been associated to delayed-typerssmsitivity response due to CD4 T
lymphocytes and an IFN- mediated T helper 1 (Thl) immunity. However, thes
studies were performed prior to the discovery ohélper 17 (Th17), when cellular
immunity was known to be only dependent on Th1l fideiet al., 2017).

In skin, IL-17 cytokines, produced by leukocytesnfr both innate (ILCsyd T cells,
iNKT) or adaptive immune systems (Th17: CDand CD8 T lymphocytes), play a
major role in the defense against extracellulatdyéa and opportunistic fungi (Kashem
and Kaplan, 2016; Meller et al., 2015). The six rbers of IL-17 family (IL-17A to IL-
17F) signal through five receptors (IL-17RA to IZRE) (Amatya et al., 2017), but a
requisite role for IL-17RA has been demonstratedlfel7A, C, E and F (Matrtin et al.,
2013). In human dermatophytosis, an increased ptisitity to deep or extensive skin
infections has been described in patients with fimberrors in the IL-17 pathway
(Lanternier et al., 2013; Nielsen et al., 2015atdition, C57BL/6 mice infected with
dermatophytes of the genusrthroderma, over-expressed TGEB; IL-13 and IL-6
MRNA in skin which are key mediators of Th17 diéietiation (Cambier et al., 2014).
However, the role of IL-17 immunity has not beemedily exploredin vivo during
dermatophytosis

Dermatophyte exclusive colonization of skin surfacel hair follicles suggests that

Langerhans cells (LC, langerin-expressing cellsnfepidermis) could drive antifungal



immunity, since they are the only epidermal antigeesenting cells involved in
priming T lymphocytes after migration to the lymplodes (Merad et al., 2008).
Regarding this, a previous study reported that mub@induced specific cell-mediated
immunity to dermatophyte antigems vitro (Braathen and Kaaman, 1983). However,
dermatophyte effects on dendritic cell functionskm are still completely unknown.

In the present study, we investigated the outcohskia infection and cellular immune
response in a dermatophytosis model wih canis in wild-type (WT) and IL-17-
deficient C57BL/6 mice. Furthermore, taking advgetaf langerin-expressing cells
depletion inM. canis-infected transgenic Lang-EGFPDTR mice (Kissenpigrmt al.,
2005), we explored the contribution of these aelldriving the specific Th17 immunity

againstM. canis.

RESULTSAND DISCUSSION

In this study, we first established a reproducilbh®del of dermatophytosis by
epicutaneous treatment withl. canis hyphae along with a semi-permeable patch
(Tegaderm) on previously scarified back skin of C57BL/6 WTcen(Hay et al., 1988).
All infected animals showed clinical signs of detopytosis and developed mild
cutaneous lesions characterized by erythema, gcahd thin crusting, similar to non-
inflammatory dermatophytosis in immunocompetent &nsnEigure l1a, Figure 2b)
(Hay, 2007). Skin lesions were only limited to thgidermis and visible from day 4
post-infection (p.i.), with a peak at day 8 p.idamtil day 18, when they spontaneously
healed. Histopathological analysis revealed thesgiree of acanthosis and epidermal
and dermal micro-abscesses, indicating neutrogafuitment. PAS positive hyphae

were localized in thetratum corneum and, especially, invading hair follicleEigure



1b andc, Figure 2b, Suppl. Figure Sla and Suppl. Table). According to this, direct
examination of hair shafts showed parasitizatiorihwarthroconidia Kigure 1d)
resembling humatinea capitis (Hay, 2017) In concordance with clinical features and
histopathology,M. canis colony forming units (CFU) were effectively isoldten
Sabouraud agar plates from epidermis after 4 asaly8 p.i. Figure 1e, Figure 2d and

€). Afterwards, by day 18, WT mice resolved infenti@and cleared the fungi from skin
(Figure 1a, b ande). Furthermore, flow cytometry studies showed ai§icant increase
of neutrophils (CD111Gr1" cells) in epidermis from 8-day-infected mice, cargal to
uninfected (sham) controld=igure 1f, gating strategies displayed Buppl. Figure
S2a). These results resemble to the hallmarks of dexphgtosis like the sloughing of
fungal mass by epidermal proliferation and the rogltil infiltrates, which remove
fungi from the skin (Calderon and Hay, 1987; Camkieal., 2014; Heddergott et al.,
2012).

Cell-mediated immunity is necessary for clinicakoeery and protection against
infection with dermatophytes (Calderon and Hay, 49&ahur et al.,, 2014).
Nevertheless, the specific response mounted agaest fungi has not been previously
characterizedn vivo. Although some publications have recently suggkeateole of IL-
17 cytokines in host protection during dermatopbig@Alves de Medeiros et al., 2016;
Cambier et al., 2014; Lanternier et al., 2013; $&alet al., 2015; Sakuragi et al., 2016)
this branch of cell-mediated immunity has not bedirectly investigated in a
biologically relevant system. Here, we demonstrabed Th17 response is the adaptive
immunity that predominates durinyl. canis infection, as IL-17A/F was mainly
produced by heat-killedl. canis (HKMc)-stimulated cells from skin draining lymph
nodes (sdLN) after 8 and 18 days pHiglre 1g) without significant changes in IFX-

IL-10, TNF, IL-4, TGF$ or IL-6 production during infection (data not shgw



Additionally, we detected a greater frequency oflllA-producing antigen-specific
CD4" T cells than CDBT cells from sdLN Figure 1h).

To address the role of IL-17 cytokines in the amtifal responséyl. canis infection
course was evaluated in IL-17RA (IL-17RA KO) dediet mice, which lack signaling
for most members of the IL-17 family (Patel and Koo, 2015). In contrast to WT
(Figures 1a, Figure 2a), M. canis-infected KO mice developed wet and ulcerated skin
lesions with greasy yellowish scaldsdure 2a) and abundant hyphae on tsteatum
corneum (scutulum), resembling inflammatory human dermhayopsis and
experimentafavus in susceptible mice (Hay, 2017; Hay et al., 1988jures 2d and e
show that, whileM. canis CFU counts were similar between WT and IL-17RA KO
mice by day 4 p.i., a remarkable increase in fubgatien was detected in KO mice by
day 8 pi (1,130+41%s. 46,482+15,923 CFU/g skin, p<0.01, W3. KO). Accordingly,
8-day-ergosterol quantification (Arias et al., 2016oung, 1995) of total skin
homogenates also demonstrated higher fungal lo&Dinmespect to WT miceSuppl.
Figure Sle). Furthermore, after 18 days p.i., and in conttastVT, IL-17RA KO
animals failed to completely heal and still proddi€s~U from skin culturesHgure 2).
However, IL-17-deficient mice eventually overcamdection and recovered hair
growth by day 25 p.i. (data not shown) with no dete of fungus. AlsoM. canis was
unable to invade the dermis or disseminate to athgains in both strains of mice (data
not shown). Taken together, these data demondtnatelL-17 cytokines effectively
inhibit skin dermatophyte proliferation but are metevant in the control of fungal
dissemination to deeper tissues.

In skin and mucosal defense, the IL-17 family cytek are essential for promoting
neutrophil mobilization at the site of infection,amtaining epithelia integrity and

regulating antimicrobial peptide production (Coatid Gaffen, 2015). Our data show



that the increased superficial fungal burden atagHdfected IL-17RA KO mice
correlated with an intense inflammatory respondegracterized by epidermal and
dermal micro-abscess mainly constituted by neutt®gRigure 2b andc, Figure 4d,
Suppl. Table andSuppl. Figure S1b). Infected KO mice also had a significant increase
in the absolute number of sdLN cells, compared witbcted WT mice Quppl. Figure
S1d). In addition, after 8 days p.i., IL-17RA KO miackd not seem to exhibit the
epidermal thickening shown by WFigure 2b andc, Figure 4d and Suppl. Table),
suggesting defects in epidermal proliferation tméght be associated with the lack of
IL-17 signaling (Pappu et al., 2012). No clinical bistological differences were
observed between uninfected WT and KO miagpl. Figure Slc).

Flow cytometry analysis from epidermis confirmedtthdespite the lack of IL-17
signaling, IL-17RA KO mice experienced a signifitancrease in the neutrophil
(CD11b'Ly6G") percentage by day 8 p.i., compared to infected(#£D.0001) Figure
3a). Moreover, neutrophils from IL-17-deficient miedficiently surroundedM. canis
hyphae in the tissué-(gure 3b) and produced levels of reactive oxygen speci€&JR
similar to infected WT micgFigure 3d). In contrast, no differences in neutrophil
infiltrates were detected at day 4 pla(a not shown andSuppl. Table) while fungal
burden was similar in both mice straifsdure 2d ande). These data demonstrate that
neutrophil migration and activity in epidermis andependent of IL-17 signaling during
M. canis infection In line with our data, Trautwein-Weidner ket al. (Trautwein-
Weidner et al., 2015) demonstrated that neutropstuitment to the mucosa was
uncoupled from the IL-17 pathway during a murinedeloof oral candidiasis and
observed that IL-17 mediates host protection thincargtimicrobial peptides production.
In this regard, skin expression of these molechigs been associated with defense

mechanisms in human dermatophytosis (Brasch €2G4; Jensen et al., 2007; Sawada



et al.,, 2012). Thus, current experiments are unagrie examine the involvement of
antimicrobial peptides in IL-17-mediated protectauringM. canis dermatophytosis.

In the absence of IL-17 cytokines, deficienciegpidermal barrier functions (Pappu et
al., 2012) might facilitate fungal persistence e tcornified layer and, therefore, the
establishment of an exacerbated inflammation. [Eunlore, exaggerated skin
inflammation and increased neutrophil influx halsaeen observed in IL-17RA KO
mice with imiquimod-induced psoriasis (El Malkiat, 2013). In this sense, it has been
also demonstrated that IL-17A directly inhibits HyNoroduction by suppressing the
expression of Thl ‘master regulator’, T-bet. Thiks17 deficient mice developed a
severe hosus-graft disease in a skin transplantation model @évket al., 2013) or an
aggressive IFN-mediated inflammatory disease in experimental ieutaune colitis
(O'Connor et al., 2009). In agreement with thes@,daere we demonstrated that
canis-infected IL-17RA KO mice experienced a shift to antigen-specific Thl
response Kigure 3d). Although both infected mice strains producedl1llA/F by
HKMc-stimulated sdLN cells at day 8 p.i., IL-17RACKmice also showed an increased
IFN-y production Figure 3d andf) with higher frequency of IFN- producing CD2
and CD8 T cells than WT miceRigure 3¢e). As mentioned above, there were no
differences in IFNy levels produced by sdLN cells from sham or infddféT mice at
day 8 p.i. Figure 3f) or by cells from WT and KO mice at day 4 pkidure 3d).
These results demonstrate tivdt canis dermatophytosis promotes an IFMNnediated
iImmune response in the absence of IL-17RA signaling

To further investigate the IFM-contribution to skin inflammation and fungal load,
canis-infected WT and IL-17RA KO mice were treated widm IFNv blocking
antibody at days 3 and 6 prigure 4 depicts that, in coincidence with exacerbated skin

inflammation and increased neutrophil recruitmé&mgire 4a, Figure 2b andc, Figure



3a), 8-day-infected IL-17RA KO mice also displayedyter cytokine production by
epidermal cells than WT mice, with a significantnease in TNF, IL-6 and ILfl
production Figure 4b ande). Differences in epidermal cytokines between Wi K©
mice were not observed at day 4 p.i. (data not show

After treatment with anti-IFN; 8 day-infected IL-17RA KO animals showed a
significantly lower neutrophil (CD1Thy6G") percentage and TNF production in
epidermis in comparison to infected KO mice treatath isotype control antibody
(Figure 4a and b). Strikingly, anti-IFNy-treated IL-17RA KO mice significantly
reduced the fungal burden and, accordingly, skatological features were similar to
WT mice, after 8 days p.i.F{gure 4c and d). Additionally, these mice produced
increased levels of IL-23, ILAL IL-6 and IL-22 by epidermal cells, all IL-17 pathy-
related cytokinesHigure 4€). These data open the possibility that lfrNeregulation,
in absence of IL-17 signaling durinlyl. canis infection, might contribute to the
superficial fungal overgrowth. Nevertheless, thke rof IFN-y in this setting remains
unclear and further studies are necessary to uiatheks potential counter-regulation of
IFN-y- versus IL-17-mediated immunity in skin defense againstakophytes.
Considering all our findings, we have demonstratetlal function of IL-17 cytokines
during M. canis skin infection by inhibiting superficial dermatogh growth and
suppressing Thl antifungal response. Eventuallyheénabsence of IL-17RA signaling,
mice were able to control dermatophytosis but atakpense of higher inflammation
and tissue damage. Furthermore, we demonstratédhihdiological effects observed
during M. canis infection in IL-17RA KO mice were also reproduced IL-17A/F
double knock-out mice (Haas et al., 2012), speadiffaevealing the role of IL-17A/IL-
17F in the anti-dermatophytic respongeg(re 5). Our experimental data coincides

with evidence in humans showing that deficiencresLi17 signaling predispose to a
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widespread superficial infection, as seen in p&ienith inborn errors of IL-17
immunity, rather than deep mycosis (Nielsen et @015). In contrast, deep
dermatophytosis is associated with CARD9 deficienahich controls multiple
molecular pathways of fungal recognition in differecell types (Lanternier et al.,
2013). According to this, we have revealed theterrse of redundant host defense
mechanisms that maintain the skin barrier functigainst dermatophyte infection.

The role of skin dendritic cells during dermatoghytfections is unknown. Langerhans
cells, as well as a minor population of dermal diiedcells, express the C- type lectin
receptor langerin (CD207) (Malissen et al., 20I4jerefore, to further investigate the
in vivo function of these cells in the Th1l7 response agdvh canis, we infected
transgenic Lang-EGFPDTR mice after depletion ofyam-expressing dendritic cells
(LangDC) with diphtheria toxin (DT) (Bobr et al.020; Kissenpfennig et al., 2005;
Stoecklinger et al., 2011)M. canis-infected mice depleted of LangDC (Lang-
EGFPDTR mice + DTSuppl. Figure S2b andc) showed a significant reduction in the
frequency of IL-17-expressing CD2ind CD3CD4" T cells from HKMc-stimulated
sdLN, respect to LangDC-competent infected aninad®.05) Figure 6a andb). No
differences were observed in the frequency of Ikptd@ducing CD4 T cells between
DT-injected WT and Lang-EGFPDTR mice or in IL-1%gucing CD8 T cells
percentage from the three groups studidure 6¢). However, although skin langerin-
expressing dendritic cells had a significant eff@etThl7 development in this model,
LangDC-depleted mice did not display an increasedl load such as that observed in
IL-17 deficient mice (data not shown). These reswte similar to other findings
published by Igyartéet al. (Igyarto et al., 2011) showing that LC inducedlTh
differentiation during experimental cutaneous cdiadiis, but LC depletion did not

promote an elevated fungal colonization. Therefatber skin cell subsets may be
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directly involved in fungal recognition and mighe lable to produce IL-17 cytokines
(Pappu et al., 2012). Further investigations arees®ary to define the cellular types
involved in the IL-17-driven defense agaiivstcanis.

In conclusion, in this study we have demonstrateat superficial infection withM.
canis generates a specific IL-17-mediated adaptive resp@romoted by skin langerin-
expressing dendritic cells and revealed a main @blk-17 signaling in the control of

dermatophytosis.

MATERIALS& METHODS

Mice

C57BL/6 wild type (WT) mice were obtained from Uergidad Nacional de La Plata,
Argentina. IL-17RA KO mice were kindly provided b&mgen Inc. (MTA N°
2015647778), IL-17AF double knock-out mice (lI1TH/F<tml1.1lIlmpr) by Dr. Immo
Prinz (Hannover Medical School, Germany) and La@EDTR transgenic mice by
Dr. Bernard Malissen (INSERM, France). Mice wereided in the Animal Facility of
CIBICI-CONICET, Facultad de Ciencias Quimicas, msidad Nacional de Cordoba
under International Guides. All experimental praisc were approved by our

Institution”s Ethics Committee (Res. Dec. N° 908/15

Fungal strain and M. canisinoculum

Microsporum canis (clinical strain UNCMc01, UNC, Argentina) was grovor 15 days
on Sabouraud agar. Mycelium was scraped, resusgengyrogen-free saline solution
and filtered with stainless-steel mesh. Concemtnatvas determined by optical density

(OD) at 450 nm: OD 0.08 produced 4.28+0.0Zx&6lony forming units/ml (CFU/ml)
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and OD 0.2 correlated to 10+1xX1GFU/ml. Heat-killedM. canis (HKMc, OD 0.08)

was obtained after 1 h-incubation at 60 °C.

M. canis epicutaneous infection model

Eight to ten-week-old male WT or IL-17-deficient cai were anesthetized
(ketamine/xylazine, 100/10 pug/kg body weight), baelr was shaved and chemically
depilated andtratum corneum was reduced by slight abrasion with a sponge.i®usv
70% ethanol-disinfectiorM. canis suspension (200l, OD 0.2) or sterile saline solution
was applied along with a sterile patch (TegaderM) (Toke et al., 2014). Infection
was regularly monitored and reproducible in all eiblycological diagnosis was based
on clinical criteria, skin direct examination (KOHK0%) and fungal isolation in

Sabouraud agar at different days post-infection.

Epidermal cell cultures

Mice back skin (2 x 3 cm) was incubated dermal siden on trypsin/EDTA solution
0.2%/0.075% (Sigma-Aldrich) in RPMI (2 h, 37°C) afiltered through stainless-steel
mesh and 100 pm-cell strainer. Single cell suspess{1x16 cells/well) were labeled
with anti-CD11b, anti-Ly6G or anti-Gr-1 antibodiasd neutrophil population (CD11b
Ly6G" or CD11B Gr-1") was analyzed by flow cytometry. For reactive axygpecies
(ROS) measurement, stained epidermal cells wereubated with 27'-
dichlorofluorescein diacetate 1mM (DCFH-DA, SIGMA€dkich) (Fujita et al., 2014)
for 30 minutes. Cytokine production was measuresduipernatant by ELISA after 5 h-

culture with PMA stimulation (ug/ml).

Fungal burden
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Skin sections were obtained, weighed and epiderell suspension protocol was
followed as described above. For colony formingsCFU) quantification, 1Q0 of

epidermal cell suspension of each animal were ®dtin Sabouraud agar plates. CFU
values were determined at 10 days, referred to wldight and expressed as CFU

number/g skin.

Skin-draining lymph nodes cell cultures

Single cell suspensions (3X1€ells/well, 200u) of inguinal skin draining lymptodes
(sdLN cells), recovered from each animal at da,418 or 45 p.i., were cultured for
48h in cRPMI alone or with HKMc (1®/well). Cytokine production was determined in
supernatants by ELISA. For intracellular cytokingettion by flow cytometry, sdLN
cells were re-stimulated with PMA/lonomycin/Golgig™ in the last 5h of culture and

labeled with anti-CD3, -CD4 or -CD8, anti-IL-17AL-17F or anti-IFNy antibodies.

In vivo treatment with neutralizing | EN-y antibody

WT or IL-17RA KO mice were intraperitoneally inject with anti-IFNy monoclonal
antibody (R4-6A2, Thermo Fisher, USA) or isotypetrol at day 3 and 6 p.i. (1Q@y
per animal). At day 8 p.i, neutrophil (CDI1lhy6G") population and cytokine
production were determined in epidermal cell susjwers (1x18 cells) by flow
cytometry or ELISA Epidermal cells were also used for fungal burdeterd@nation
through CFU quantification. Skin histopathology wasalyzed with Periodic Acid

Schiff (PAS)/hematoxylin stain.

L angerin-expressing call depletion in Lang-EGFPDTR mice
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Lang-EGFPDTR transgenic mice were intraperitongajlcted with 1ug of diphtheria
toxin (DT, Merck, Germany) 24h prior to infectioBdbr et al., 2010; Kissenpfennig et
al., 2005). Depletion was confirmed by flow cytoryedf MHC-1I" CD45" epidermal
cells (LC) from back skin after 8 days p.iSuppl. Figure S2a, b and c) and
fluorescence microscopy of transversal ear skin-sgctions Suppl. Figure S2d). DT-
treatment did not affect the course of infectionNiiT mice (data not shown). At day 8
p.i., skin histopathology was performed and IL-15&cretion was determined by flow
cytometry in T cell populations (1xi@ells) from unstimulated or HKMc-stimulated

sdLN cells.

Statistical analysis

All experiments were performed two to three timss,mice per group were used.
Statistical differences were calculated with Studetest or ANOVA. A p value <0.05

was significant and results were shown as mean.SE
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FIGURE LEGENDS

Figure 1: Clinical outcome of M. canis der matophytosisin C57BL/6 mice.

(a) Skin lesions afteM. canis infection or saline treatment (shanapi: days post-
infection (b) Skin histopathology(PAS/H). (c) Higher magnification ofo showing
hyphae (arrows) and neutrophil infiltrates (astgricd) KOH examination of hair
showing arthroconidia (arrows) (8dpi). Scale bad)a50 um(e) Fungal burden
(CFU/g skin). Mean * SEM (n=6)f) Flow cytometry analysis of CD11Gr1"
epidermal cells (8 dpi, pre-gates shown in Suppy. S52a). Three independent
experiments using pooled epidermal cédy IL-17A/F production (ELISA) of sdLN
cells (3x16/200ul) from shamd) or infected mice ) in absence (saline) or with
HKMc (10 ul, OD 0.08). Each symbol represents omienal (h) IL-17A detection in
HKMc-stimulated sdLN cells gated on COmED4'/CD8" population. Mean + SEM

(n=6), **p<0.01, ***p<0.001, *p<0.0001.

Figure 2. Comparison of clinical follow-up of M. canis dermatophytosis in wild-
type (WT) and IL-17RA deficient mice. (a) Skin lesions in WT and IL-17RAKO back
skin after 4, 8 and 18 d.db) Skin sections fronM. canis-infected WT and IL-17RA
KO mice (PAS/H)(c) Higher magnification ob showing hyphae inside hair follicles
and stratum corneum (arrows), neutrophil infiltrates and micro-absessgasterisks).
Scale bars (b and c): 50 pgeh) Fungal burden (CFU/g skin) of WT and IL-17RA KO
mice during infection. Data shown are mean +* SEM®6Jn Two independent

experiments. ** p < 0.01e) Representativenages of CFU in Sabouraud agar plates.
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Figure 3: M. canis-infected IL-17RA-deficient mice show increased neutrophil
recruitment to skin and | FN-y production by skin draining lymph node cells.

(a) CD11bLy6G" percentage in epidermal cells from sham or 8-diégeted mice.
Mean = SEM (n=6), **p<0.0001b) Skin section from IL-17RA KO mice (PAS/H, 8
dpi) revealing neutrophils (asterisks) surroundigghae (arrows). Scale bar: 10u(ac).
Histograms of ROS production by epidermal CD1M6G" cells (8 dpi) after
dichlorofluorescein diacetate (DCF-DA) labellinglo(f cytometry). Triplicates of
pooled epidermal cells (n=6dl-e) HKMc-stimulated sdLN cells from infected W)
and IL-17RA KO mice €): (d) IL-17A/F and IFNy production(ELISA). Mean = SEM
(n=5). **p< 0.01; (e) Intracellular IFNy detection gated on CDGD4/CDS§
population (flow cytometry, 8 dpi). MeanzSEM. **p€Il, ***p<0.0004. Triplicates of
pooled sdLN cell cultures (n=5)f) Cytokine production(ELISA) by HKMc-
stimulated sdLN cells from sham or infected WT dbd7RA KO mice. **p<0.005,

#*p <0.0001.

Figure 4: IFN-y modulates neutrophil recruitment, cytokine production and fungal
growth in M. canis-infected IL-17RA KO mice skin.

(@) Neutrophil percentages determined as CDIy®G" cells by flow cytometry(b)
TNF production (ELISA) andc) fungal burden (CFU/g skin) in epidermal cells from
WT and IL-17RA KO mice treated with anti-IFN-or isotype control, at 8 days p.i.
Mean £ SEM of pooled epidermal cells (n=6). Twodapdndent experiments (*p<0.01,
**p<0.001, ***p<0.0001).(d) Skin sectionsvith PAS/H stain showing hyphae (arrows)
and neutrophil micro-abscesses (asterisks), sealbb um(e) Cytokine production by
PMA-stimulated epidermal cells (ELISA) from infedt&/T and infected IL-17RA KO

mice treated with anti-IFN- or isotype control (8 d.p.i). Mean + SEM of pooled
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epidermal cells (n=6). Two independent experimelis (*p<0.02), IL-13 (*p<0.1,

+*p<0.001), IL-22 (*p<0.05, **p<0.005), IL-23 (**p©.001).

Figure 5: IL-17A/1L-17F inhibit dermatophyte superficial infection and cutaneous
inflammation and induce M. canis-specific Thl response. (a) Clinical features of
skin lesionsand(b) skin sectionsvith PAS-hematoxylin stain showing hyphae (arrows)
and neutrophil infiltrates (asteriskisdm M. canis-infected WT and IL-17A/F KO mice
after 8 days p.i. Scale bars: 100um (left) and 5@pugint) (c) Comparison ofL-17AF
and IFN-y production (ELISA) by HKMc-stimulated sdLN cell8x10°/200pl/10pl
HKMc) between 8-day infected WT, IL-17RAKO and IZA/F KO mice. Each symbol

represents one animal. Mean £ SEM (n=5), ***p<0.00(<0.01.

Figure 6. Skin langerin-expressing cells drive the Th17 immune response during
M. canisinfection.

(a) Representative density plotsiofracellularlL-17A production by HKMc-stimulated
sdLN cells gated on CD3r (b) CD3'CD4" population from 8 day-infected War
Lang-EGFPDTR mice treated with DT (24h before itifeg, langerin-expressing cells
depleted mice). Percentages show mean + SEM frigpiicaites of pooled sdLN cell
cultures (n=6), **p<0.002(c) Percentage of IL-17 expression in CO®4" and
CD3'CD8’ T cells from HKMc-stimulated sdLN cells from WT dang-EGFPDTR
mice treated with DT or vehicle. Data shown are me&EM (n=6). Two independent

experiments. *p<0.05.
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