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Team “Epidermal Immunity & Allergy” @
Research activities

Main Features

= High prevalence
= 10% of children (AD)
= 1stoccupational disease (ACD)
= Benign to very severe
» Localized acute or chronic lesions
» Delayed-type allergy / Specific T cells
= Breakdown of tolerance

Allergic Contact Dermatitis Atopic Dermatitis (AD)

AP EcZEMAS Allergens

» Chemicals/haptens & proteins
» Endowed with antigenic & adjuvant properties
= Skin or systemic route

Objectives

= Decipher the pathophysiology

Benign - Exanthema Severe — Bullous diseases

DRUG ALLERGY (DA) = Develop new diagnostic/predictive assays

= Develop new therapeutic strategies to restaure

skin tolerance 2
Key words: Immunology, skin allergy, T cells
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The skin: the multitasking organ

Barriére chimique:
allergénes, irritants...

£

Barriére immunologique:
Pathogénes

,IF\ : - Barriére physique:
AN o stress mécanique, irradiation UVs...

Barriére hydrique

= Skin area=1.8 m2

Agoy

= Being constantly exposed to potential hazards -> maintain homeostasis

= Examples of the non-immune functions of the skin:
= Physical and biochemical barrier
= Sensory-receptive area
* Ensures hydratation
= Allows synthesis of vitamins, hormones



The skin: an immuno-protective organ

Pathogens
Adjuvants
-
Environmental Ag umors
Self Ag .
Commensal bacteria | Immunlty

| Tolerance |

- Ag nature = “Hazard”
- Polymorphism

- Exposure conditions
- Environment

= Serves as an immuno-protective organ that actively defends deeper body tissues
against infectious agents. Privileged site for vaccination

= Maintains self-tolerance, preventing allergens and inhibiting autoimmunit;ss



Induction of systemic immunity upon skin exposure/immunization

Skin exposure, immunization

Hpidermis

Dermis

\\\77 //

Mast cell
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Induction of systemic immunity upon skin exposure/immunization

Skin exposure, immunization

Wy Pathogen, Vaccine, Hapten, Tumor, Allo-Ag, Commensal Microbiota, Auto-Ag
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Induction of systemic immunity upon skin exposure/immunization

Skin exposure, immunization

Wy Pathogen, Vaccine, Hapten, Tumor, Allo-Ag, Commensal Microbiota, Auto-Ag

E[l)idermis

IL-1a / /IL-1b/
TNFa
TSLP
IL-33

IFNab =
] oF
‘%i%mm}é '°iv[;stcveu

nerf v

S
-
Dermis

Dermal DC v

CCL19/CCL21

Innate immunity -> 1st line of defence
Release of inflammatory mediators




Inflammation
General scheme

4 major inflammatory components

Inducers Sensors Mediators Target tissues

Microbes, P(athogen)AMPs Cellular

AIIergens TLR, NLR... Neutrophils, Eosinophils,

AlloAg ¥I §”§°§;ﬁ§_’_“_”acr°p“ages’ Redness/Oedema
Heat/Pain

Tissue damage  D(amage)AMPs Molecular Loss of function

Cell-derived

DANGER

TLR, NLR, RAGE...

Cytokines and chemokines,
Vasoactive amines or peptides
Complement fragments

lipide mediators

proteolytic enzymes

IVA I\ \ Inflammatory Pathway
VlnducerN y Sensors _ Mediators Target tissues
N "8 1R ;
=X . TNF, IL-1, IL-6
= - -
Infection CCL2, CXCL8
Mast cell Dendritic cell
—- Y — " .
“&® TLR Histamine
Bradykinin
Tissue damage 1 0
Macrophage




Pathogen recognition receptors (PRRs)

* Microbial Pattern Recognition Receptors: TLR, RLR, NLR, CLR
signaling (examples)

S100A5/A0 Toll-like Receptors C-type Lectin Receptors
i Bacterial Cell Wall Compounds N-tinked Mannan e

Viruses Zymosan Fungal Hyphae a-Mannose
°°‘ ,,,mn Peptidoglycans Lipopeptides Lipoglycans Flagellin  Mycobacteria  S-Glucan  N-inked Mannan Cord Factor deDNA Virel Infection
5 2 ni L P
b 4 & A& & 8

CcD 14 ' R1 TLR2 TLRE TLR10 TLRS
| O
TLR1 LR DC-SIGN @ Decin-1 Deciin-2 FcRy Mincle

Heparan RAGE TLR12 >
s l 4 l \ l / / \ 8
o
/// 1 / g ;;
MyD 88 L TIRAP TIRAP TIRAPD  TRIF Sk S AIP DNA ® RNA
’ MyD 88 MyD88 MyD88 GTP Ri;nsfyrlsll 2 ® Sensors
po RIG-
§ / l cat ! \ / cGAs DA a GMDAS
% , MAPK MREH 0 LGP2
[ LRRFIP1 = LSm14A
@ \\ Endosome CpG DNA DDX41 8
E R ssRNA ODNs dsRNA IFI16 g PKR
(}Catem cGAMP AlM2
TLR4 gz 83 88 DHx9/36 © 3110
X re CARD9
Ras @ T\ CARDQ
TLR7/8 TLR9 TLR3 MALT 1 Bc-10
\ Mitochondria
cod : STING arssn s rass

¢ Recognition Of SpeCifC StI‘llCtllI' €S (polysach, nucleic acids, nucleotides lipoproteins, glycolipids)
* Cell compartment localisation, tissue-specific expresson

e Cell intrinsic =2 infected cells, cell extrinsic=2> not infected cells;

but most of PAMPs are detected by both
¢ RGCOgnlthn Of funCthnal features (enzymatic activities, pore-forming toxins)

RIG-I-like Receptors

NOD-like Receptors




Intracellular DAMPs

Any call

Apoptotic cel

Inflammation
PAMPs —- DAMPs and their sensors

v‘ -
Rage \nm ‘nm STolllgancs

Other raceptors

4

TLR7/8/8

¢ Other alamins

eLPS

© HMGB1

DAMP
HMGB1

Uric acid (MSU)

Chromatin.
nucleosomes and
DNA

HSPs

Adenosine and ATP

Galectins

Thioredoxin

S100 proteins

Cathelicidins

Defensins

N-formylated
peptides

Adjuvant activity

In vivo: adjuvant activity of purified
molecule: adjuvant activity shown by
selective depletion

In vitro: DC activation

In vivo: adjuvant activity shown by
injection of purified molecule and
selective depletion

In vitro: DC activation

In vivo: DC maturation induced by
purified molecule

In vitro: DC activation induced by
chromatin—IgG complexes

In vivo: tumour immunogenicity
enhanced by overexpressed molecule
or addition of purified molecule
(HSP70): DC migration to lymph nodes
induced by purified molecule (gp96)

In vitro: DC maturation (gp96 and
HSP70)

In vivo: exacerbation or abrogation of
bronchial asthma by purified molecule
or specific inhibition. respectively

In vitro: DC maturation
Invivo: ND

In vitro: DC maturation
ND

ND

In vitro: DC maturation: DC activation
induced by LL37—self-DNA complex

In vivo: adjuvant activity by co-
administration of purified molecule

In vitro: DC maturation

Invivo: ND

In vitro: DC chemotaxis 1 2



Inflammation
PAMPs —- DAMPs and their sensors

Extracellular DAMPs

Table 2| Adjuvant and pro-inflammatory activity of extracel
DAMP Adjuvant activity

| Other ECM components

, endogenous -~ \

Hyaluronicacid ~ Invivo: inhibition of Langerhans-cell
maturation by blocking peptide; adjuvant
activity by administration of purified molecule

¢

“~.

\&cm&a %‘ ep

Invitro: DC maturation

_} Heparansulphate  Invitro: DC maturation
; Lipopolysaccharides

' Fibrinogen Invitro: DC maturation
bl Collagen-derived  Invivo:ND
peptides
: B Invitro: DC maturation
Potential cell type: Fibronectin Invitro: DC maturation
Epithelial cell
Macrophage Elastin-derived Invivo:ND
Neutrophil .
Endothelial cell peptides
Invitro:ND
Laminin Invivo:ND

Invitro:ND



Induction of systemic immunity upon skin exposure/immunization

Skin exposure, immunization

Wy Pathogen, Vaccine, Hapten, Tumor, Allo-Ag, Commensal Microbiota, Auto-Ag

Epidermis

IL-1a / /IL-1b/
TNFa
TSLP
IL-33
IFNab 3@%’ v 5
( -l.?e';. o Dermal DC v ]
" Mgt cell (

........ » CCL19/CCL21
) _Monocyte -~ CXCL12 vy
A ;}fNeutrophi Is

Innate immunity -> 1st line of defence

Release of inflammatory mediators

Coordinated cross-talk between epithelial and immune cells
Infiltration of blood leucocytes

14



Induction of systemic immunity upon skin exposure/immunization

Skin exposure, immunization

Pathogen, Vaccine, Hapten, Tumor, Allo-Ag, Commensal Microbiota, Auto-Ag

B, A2
M .z
2
o
2
IL-1a / /IL-1b/
TNFa
TSLP 4 v
IL-33
IFNalb ﬁgg v 5
( .;.-i_;. o - Dermal DC v ]
‘M 11 ()
el 0 S
v P (O gF ... » CCL19/CCL21
ﬁ*@)‘\ ~_Monoeyte - CXCL12
_ ‘\&ﬂ {,}Neutmphi Is

Innate response

Antibody production
Effector CD4+ & CD8+ T cells

S A

Adaptative immunity

\
ST
'V,

QQ
celly COO @,
D4+Tdonv \

B
Memory T cells, B cells & plas1n51a cells

Lymph nodes



Distinct T cells

Classical Population subsets
monolithic

view

Transcription
factors

STAT3

<:::::SVW6

STAT4 —> Th1 1 (T-bet /b

s STAT3
T Thi7|

Dendritic STATS

< cell

Cytokines
> |L-21
5 L4

IL-13
> |FN-y
4 IL-17a

IL-17f

IL-10
» IL-35

TGFB

O'Shea and Paul. 2010. Science



Induction of systemic immunity upon skin exposure/immunization

Persistance / Re-exposure - delayed-response (days)
Skin inflammation, elimination of infected cells

Tissue response/repair

Skin exposure, immunization

YvY Pathogen, Hapten, Tumor, Vaccine...

:
<
.&
IL-1a / /IL-1b/
TNFa CD8+ CTLs
E;LT;E { Neutrophils
IFNa/b . éﬁ v é ’_| Eosinophils
N3 ’% Dermal DC v A NK, NKTs
S92 CD4+ Th1, Th2,
........ » CCL19/CCL21 Th-17, Th-22, Th-9
) _Monoeyte - CXCL12
\ Q}fNeutrophi Is CD4+Tregs
I I
nnate response Monocytes
(Inflammatory,

Anti-inflammatory)

Effector & memory
response -> 2" line of defence

S

Adaptative immunity 5 \ N

17

Lymph nodes



Different mode of recognition by the innate immunity @
- different layers of sensing by the immune system
—> different effector response

L’intégration des signaux de la
Périphérie conditionne la nature
de la réponse immune et la réponse tissulaire

Immature DC

Intracellular

pathogens
(e.g. fungi, viruses Extracellular
and mycobacteria) pathogens . ; Pathogens
ungi
' ,.—dt'- /__%
L) Rl ‘a@c’/ @ @;
LIL-12p70, IL-1PB and IL-6 (humans), IL-6
IL-12p70 OX40L, CCL17 TGFB (mice), and IL-23 and IL-27
and CCL22
, = / P pen—— - J e — )
j"‘ T‘_bC‘l . I' « GATA 3\ “ - ROR“{( | e BCL-6 } |
L STAT4 ) \  STAT6 J / « STAT3 ; \ « STAT 3 )
~_ & \»» -t » < 4
T,1cell T“7—(‘(!|l T,17 cell T .?(?ll
IFNYy. IL-2 IL-4, IL-17A,
GM-CSF IL-5 and IL-17F IL-21 and
and TNF IL-13 and IL-22 CXCRS

[ * Neutrophil activation
| * Macrophage

| activation

| * NK cell activation

! * Cytotoxic CD8" T cell
| activation

Lyse cellulaire

» Eosinophil activation
* Basophil activation
 [gE* plasma B cells

Expulsion des parasites

Neutrophil mobilization

Peptides anti-microbien

Proliferation épithelium

* GC formation
* lgG* memory B cells

Nature Reviews | Immunology
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» Bases immunologiques de la réponse a
I'interface cutanee

 Induction & regulation de l'inflammation
cutanée : exemple de I'eczeéma de contact
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Allergic Contact Dermatitis (ACD): Generalities @

Features

= High prevalence,1st occupationnal disease

» Repeated exposure to environmental allergens (cosmetics,
jewels, drugs...)

= Breakdown of skin tolerance

= Delayed-type allergy:
—> infiltration and activation of allergen-specific T cells

T cells R 0 }|{ R
ﬁ—én—éer % COOH
R OHTFR
ON ’_\ | ! | é H
. 4 HzN - N | COOH_.
NO, H NO,
» DNFB proteln Haptenized protein =
Denditic cel 2,4-dinitrofluorobenzene  (lysine) modified self (new antigen)

Presentation of haptenized peptides




Pathophysiology of skin allergy

1- Sensitization phase
Innate immunity/ T cell priming

Vocanson M. et al, Allergy, 2009

2- Elicitation phase
Effector response/ Polymorphic recruitment

oy Allergens
Yy y —
vv' Yvy @
— BEEG ; Z CITL
) ] S
a =
IL-18, IL-1b - "/ Neutrophils
TNF-a, IL-6 Eosinophils
PGE2, LTB4; Mast =" ’ |
Histamine... 7.7 O \/ 2 A
@ ) i £ ) NK, NKTs
5% - /'7'\> Dermal DC A/l 8 eutroph”@ !
v @\d o> CD4+ T conv (Thl, Th2,
N~ @ Th-17, Th-22, Th-9)
~ VionoC A .
Macrophages Tregs
Blood vessels & Neutrophils
Monocytes
BOUR et al. Eur J Immunol, 1995 ﬁé\’? (Inﬂammatory,
KRASTEVA et al. J Immunol, 1998 2,_ 2 Anti-inflammatory)

KEHREN et al. J Exp Med, 1999

AKIBA et al. J Immunol, 2002
SAINT-MEZARD et al. J Immunol, 2003
AKIBA et al. J Invest Dermatol, 2004
SAINT-MEZARD et al. J Invest Dermatol, 2005
VOCANSON et al. J Invest Dermatol, 2006
BONNEVILLE et al. J Invest Dermatol, 2007
HENNINO et al. J Immunol, 2007

VOCANSON et al. J Invest Dermatol, 2009
VOCANSON et al., Allergy, 2009

VOCANSON et al. J Allergy Clin Immunol, 2010
ROZIERES et al., Allergy, 2010
VANBERVLIET et al. J Allergy Clin Immunol, 2011
ROUZAIRE et al. Eur J Immunol, 2012
GOUBIER et al. J Invest Dermatol, 2013
CORTIAL et al. Nanomedicine, 2015
GAMRADT J Allergy Clin Immunol 2019

CDS8+ T cells
(GzB, FAS-L, IFNg)
) =CTLs

Antibodies O Q X0
(’.’,a
s O%ed B )/

21

x CD4+ T conv
Lymphoid organs /




Pathophysiology of skin allergy

1- Sensitization phase
Innate immunity/ T cell priming

v vy Allergens
'.v'v’

IL-18, IL-1b &
TNF-a, IL-6
PGE2, LTB4; " ’
) . Mast 2" .
Histamine... ﬁ;“:J C%F v
@:’ << " DermalDC
| e

S~

| Epidermis |

Dermis

A far—
Viaclropriages

Blood vessels & Neutrophils

BOUR et al. Eur J Immunol, 1995

KRASTEVA et al. J Immunol, 1998

KEHREN et al. J Exp Med, 1999

AKIBA et al. J Immunol, 2002
SAINT-MEZARD et al. J Immunol, 2003
AKIBA et al. J Invest Dermatol, 2004
SAINT-MEZARD et al. J Invest Dermatol, 2005
VOCANSON et al. J Invest Dermatol, 2006
BONNEVILLE et al. J Invest Dermatol, 2007
HENNINO et al. J Immunol, 2007

VOCANSON et al. J Invest Dermatol, 2009
VOCANSON et al., Allergy, 2009

VOCANSON et al. J Allergy Clin Immunol, 2010
ROZIERES et al., Allergy, 2010
VANBERVLIET et al. J Allergy Clin Immunol, 2011
ROUZAIRE et al. Eur J Immunol, 2012
GOUBIER et al. J Invest Dermatol, 2013
CORTIAL et al. Nanomedicine, 2015
GAMRADT J Allergy Clin Immunol 2019

Antibodies
B cells

3- Resolution of skin inflammation

Healed lesion/ Persistence of skin Trm

Langerhans

Resident memory
T cells (Trm)

= WG f\cgf- —_—
o
CDS8+ T cells
(GzB, FAS-L, IFNg)

=CTLs

22



Pathophysiology of skin allergy

1- Sensitization phase 4- Recurrence / Severity / Chronicity

Innate immunity/ T cell priming New exposure / Flares

vv,‘y; Allergens
vYVYv%

| Epidermis |

IL-18, IL-1b
TNF-a, IL-6
PGE2, LTB4
Histamine...

XF

<< " DermalDC

D

Neutfophils

Dermis

- ——
Viaclropriages

Blood vessels & Neutrophils

BOUR et al. Eur J Immunol, 1995 fg?
KRASTEVA et al. J Immunol, 1998 J ,w
KEHREN et al. J Exp Med, 1999

AKIBA et al. J Immunol, 2002
SAINT-MEZARD et al. J Immunol, 2003
AKIBA et al. J Invest Dermatol, 2004
SAINT-MEZARD et al. J Invest Dermatol, 2005
VOCANSON et al. J Invest Dermatol, 2006
BONNEVILLE et al. .J Invest Dermatol, 2007 CD8+ T cells
HENNINO et al. J Immunol, 2007 (GzB, FAS-L, IFNg)
VOCANSON et al. J Invest Dermatol, 2009 ) YN Y Y Y ) =CTLs
VOCANSON et al., Allergy, 2009 . . ) \
VOCANSON et al. J Allergy Clin Immunol, 2010 AHtlbOdleS

ROZIERES et al., Allergy, 2010 4 )
VANBERVLIET et al. J Allergy Clin Immunol, 2011 B cells A ) )) /

ROUZAIRE et al. Eur J Immunol, 2012

GOUBIER et al. J Invest Dermatol, 2013 x CD4+ T conv CD4+ 23
CORTIAL et al. Nanomedicine, 2015 . Tregs

GAMRADT J Allergy Clin Immunol 2019 Lymphoid organs




Experimental models of ACD in mouse, in human @

Sensibilisation

5 days

— —_—

hallen Skin inflammation
Challe ge (ear swelling, histology, FACS, qPCR)

Haptens (DNFB, fragrances, drugs) | response

(FACS, in vitro stimulation )

eeeeee

400

(%
(=4
o

200

Ear swelling (um)

100 ;

CHS (= ACD) response ACD lesions
to DNFB, TNCB, OXA...

2 4 6 8 10
Days after challenge

Allergic individuals

T response

Skin tests tacs  in vitro stimulation )

Positive patch-tests
to reference allergens




Permeation of haptens into the skin

Protein antigen

Hapten (FITC)

Epidermis
Siwiapidy

Dermis

SIUEg]

FITC-OVA

Tight
junction

Fig. 4 | Penetration of hapten and proteins into the skin. A hapten (fluorescein
isothiocyanate (FITC); molecular mass=389; left) or FITC-conjugated ovalbumin (FITC—

»Les hapténes sont pour la plus part des substances hydrophobes

»Pénétration dépend de 1I’hydrophobicité (LogP), mais aussi de la présence de groupes
chargés, la taille (poids moléculaire < 1000 Daltons), la forme moléculaire et du véhicule.

»Les peaux altérées (blessures physiques, chimiques ou anormalité génétique) favorisent
1’appar1t10n d’un eczéma de contact Kabashima et al. Nature Rev immunol 2019



How haptens activate innate immunity?

Inducers
. Tissu damage

Inducers
Haptens

"\

IFNa/p IFNa/p
IL-6, IL-8, IL-12 IL-6, IL-12, IL-23
TNF-a TNF-o. -
CCL2 pro-IL-1B IL-18
ARE pro=IL-18

SF Martin et al, Allergy, 2011 26
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Les diverses étapes de la sensibilisation :
activation de Pimmunité innée

« Role crucial de la structure du TLR4 humain sur le développement
de la réponse d’EAC

Conserved histidines on human TLR4 as potential binding sites for nickel

immunology a
hTLR4 LRR14 DLPSLEFLDLSRNGLSFKGCCSQSDF 396
H 1 1 mTLR4 LRR14 ALPSLSYLDLSRNALSFSGCCSYSDL 304 '

Crucial role for human Toll-like receptor 4 in the R e His A431
H mTLR4 LRR15 GTNSLRHLDLSFNGAIIMSANFM 417
development of contact allergy to nickel e i B g
mTLR4 LRR16 CGLEELQHLDFQHSTLKRVTEFSAFL 442
Marc Schmidt!?2, Badrinarayanan Raghavan'2, Verena Miiller!2, Thomas Vogl3, Gyorgy Fejer?, hTLR4 LRR17 SLRNLIYLDI%RVAFNGIFN 468
Sandrine Tchaptchet?, Simone Keck?, Christoph Kalis®, Peter ] Nielsen®, Chris Galanos*, Johannes Roth?, mTLR4 LRR17 SLEKLLYLDI KIDFDGIFL 466
Arne Skerra3, Stefan F Martin$, Marina A Freudenberg? & Matthias Goebeler!2 hTLR4 LRR18 GLSSLEVLKMAGNSFQENFLEDIFT 493
mTLR4 LRR18 GLTSLNTLKMAGNSFKDNTLSNVFA 491

hTLR4 LRR19 ELRNLTFLDLSQCQLEQLSPTAFN 517
mTLR4 LRR19 NTTNLTFLDLSKCQLEQISWGYVFD 515
hTLR4 LRBR20 sLssLQVLNMSHNNFFSLDTEPYK 541
mTLR4 LRR20 TLHRLOLLNMSHNNLLFLDSSHYN 539

hTLR4 LRR21 cius LQVLDYSL;ﬁI MTSKKQELQH 566
mMTLR4 LRR21 QLYSLSTLDCSENRIETSKGI-LOE 563
hTLR4 LRR22 rpssLAFLNLTQONDFA 582
mTLR4 LRR22 FPKS5LAFFNLTNNSVA 579

hTLR4 LRRCT crcrEQSFLOWIKDQRQLLVEVERM 607
mMTLR4 LRRCT CICEHQKFLOWVKEQKQFLVNVEQM 604

Transgenic expression of human TLR4 in mice confers reactivity toward nickel

b 0O Mock sensitized (PBS) c
W Ni?* sensitized

) Tir4™~ TLR4-TG
o Challenge with Ni* ST

7 ok .:

— —

E *k

2 200

2 NS MRP14

g | ms

£ 100

5
0- PRIV Sensitization PBS PBS
PR PP Challenge PBS NiZ* 27

RN

A



Les diverses étapes de la sensibilisation :
activation de Pimmunité innée

« Impact des mediateurs reconnus par les TLRs sur le déeveloppement
de la réponse d’EAC

Dégradation Acide Hyaluronique ht PW, 24h apres application

A
TNCB 8

Other ECM(ompon

endogenous -~

mo;-( ules El/( n Col llaqe Fb«one(l Prof 1eoqu(an Lan?inm

. Y /
Qs Wy 1., ‘
i A2 " / m acetone
. . _- PAMP; ; Alafmlns 7/
.:{ Lipopolysaccharides  * .
. * Bacterial products 0
?u . ,
Production ROS, peau challengée
Potential cell type: l
Epithelial cell acetone NAC + TNCB
Macrophage
Neutrophil
Endothelial cell / Nocleu;
N g ﬂm&",'i\bwo’

TNCB 7% PBS + TNCB 7%

R - -



Les diverses étapes de la sensibilisation :
activation de Pimmunité innée

Impact des médiateurs reconnus par les NLRs sur le développement
de la réponse d’EAC

photon counts

Siil

Pusashos November 8. 2010

JEM

Article

Lack of the purinergic receptor P2X, results
in resistance to contact hypersensitivity
Felix C. Weber.'* Philipp R. Esser,'* Tobias Miiller,” Jayanthi Ganesan,>*

Patrizia Pellegatti.,® Markus M. Simon.® Robert Zeiser,” Marco Idzko,?
Thilo Jakob,! and Stefan E Martin!

untreated

vet;lcle A'TP TNCE

Relargage ATP, peau challengée

wehicke

TNCB

wehicke

TNCB

vehicle

crofon oil

crofon oil

Increase in ear thickness (um)
wne
]—| 0 pax,*
- ] -

E—

0 € 40 0 0 "

Increase in ear thickness (um)



Contribution of innate cells? Mast cells @

Immunity

Mast Cells Are Key Promoters of Contact Allergy
that Mediate the Adjuvant Effects of Haptens

Anne Dudeck,'€ Jan Dudeck,'® Julia Scholten,2® Anke Petzold,’ Sangeetha Surianarayanan,' Anja Kohler,®
Katrin Peschke,' David V6hringer,* Claudia Waskow,® Thomas Krieg,2 Werner Miiller,® Ari Waisman,” Karin Hartman|
Matthias Gunzer,28* and Axel Roers'8*

Dramatic decrease of ACD response
in animals conditionally depleted in mast cells

60 -

Ear swelling (%)

10 4

50 4

40 4

30 4

20 4

-v— CreiDTR*
—~ o~ Mcpts-Cre* IDTR* 1
—o— Veh Y

Y . | "

YY‘nY" A ’.é ¢

-';' 4.‘ 15 ] :‘: £ Q- Q
u‘t:‘Q - !3 - g M
0 2 4 6 8 10 12 Au

Ear skin mast cells and blood vessels respond to hapten

1:00h after DNFB 1:40mafter DNF@,

1220Aafler DNFB

Skin inflammation is histamine-dependent

Ear swelling (%)

Non-sensitized

—o— Untreated
30 4 ) ~o0-— Pynlamine

30



Contribution of innate cells? Neutrophils

Large infiltration of neutrophils
in the hours following hapten application

+6 hours

P FACS analysis of skin

—~ cells
DNFB or vehicle
DNFB
Neutrophils
Inflammatory
> monocytes

Gr1+

CD11b+

Lack of neutrophils (depletion, transgenic animals)
prevents T cell priming and development of skin inflammation

Brief Definitive Rep

Neutrophils are required for both
the sensitization and elicitation

phase of contact hypersensitivity

Felix C. Weber,!>*" Tamas Németh,>*" Janka Z. Csepregi,>*"

Anne Dudeck,’ Axel Roers,’ Béla Ozsvari, Eva Oswald,!
Laszl6 G. Puskas,® Thilo Jakob,! Attila Mocsai,>*™ and Stefan F. Martin'™"

>

o
o
A

Increase in ear
thickness (um)

% % % * %%
D -
1001 OVehicle
. BTNCB
50 - -
25 .
0

Control PMN depletion
31

Mcl-1 AMyelo




Main effectors? CD8+ CTLs

Sensitization Elicitation

&y — Ear swelling

Strong haptens: DNFB, TNCB, OXAZOLONE...

Ear swelling (um)

400
| CD4+ T cell-deficient mice
-MHC class II-/- (C57BL/6)
-anti-CD4 mAb treatment
300
200 Wild-type C57BL/6 or BALB/c mice
1007 CD8+ T cell-deficient mice
-MHC class I-/- (C57BL/6)
-anti-CD8 mAb treatment

2 4 6
Days after challenge

- CD8+ T cells are effector cells 32
* CD4+ T cells comprise regulatory T cells

8 10



Main effectors? CD8+ CTLs

CHS response

— 400
. . S
Sensitization Elicitation Immunohistochemistry E .
qPCR o 300 NO,
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5 100
T cell response
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_____________________________________________________________________ Days after challenge
Priming of Early recruitment of CD8+ T cells initiates eczema
IFNg-producing CD8+ T cells T cells recruitment Keratinocytes:
(challenged ears) target of CTLs
T cell response »
(draining lymph nodes) Immunostaining \ TUNEL
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Main effectors? CD8+ CTLs @
Recurrence, chronicity

Flare-up reaction

J ALLERGY CLIN IMMUNOL

Inhibitory checkpoint receptors control CD8* w2019
resident memory T cells to prevent skin allergy 400 o

Pia Gamradt, PhD,*>*4** Léo Laoubi, MSc,*>4** Audrey Nosbaum, MD, PhD,2><%* Virginie Mutez, MS¢,»><%

Vanina Lenief, MSc,">*%* Sophie Grande, MD,’ Daniel Redoules, PhD,? Anne-Marie Schmitt, MD, PhD," rd
Jean-Frangois Nicolas, MD, PhD,**%*! and Marc Vocanson, PhD*>¢%* Lyon, Pierre-Benite, and Toulouse, France

w
[=}
<

* Healed lesion

Ear oedema (um)
N
[=]
<

100' -1~

o -

healed healthy healthy

allergic animal

Epidermal sheet, Confocal
microscop

AIIergiC Naive

Skin edge
Acute depletion of CD8+Trm abrogates flares
400+ ns - soxk ns
; A CD3+ T cells = 3004 T
‘ | ©
§ 2004 o
DETC g . o
& 100q| @ ° T
f Hair follicle o2o
L2 wcDs” T H . Non-
g DT - - + allergic
mice

DNFB allergic mice
N . 34
Injection of diphteria toxin or anti-CD8+ mAbs
IDTR transgenic animals



Main effectors? NK cells

NK cells are far less important than CD8+ CTLs for eczema

Paulst S. Nat Immunol 2011

Natural killer cells and T cells induce different types

of skin reactions during recall responses to haptens NK cells confer CHS and recall responses, when

Paul Rousaire">?, Carmelo Luci®, Elisabeth Blasco?”, extracted from liver and transferred into recipient
Jacques Bienvenu®?°, Thierry Walzer’?, Jean-Francois Nicolas®?° . |
and Ana Hennino™? animails

-> NK cell « memory »

No CHS response in T cell-deficient strains

500
A Mico Sonsitization  Challenge —&— NK cells transfered mice
400 — ~#~ CDB8 T cells transfered mice
Vehicle DNFB j" " T naive mice
C57BI6 WT 3
°
8 200 -
Vehicle ONFB - 5
C57BI6 Rag2™”
DNFB DNFB 100 1
| 1 1 | 1 || 1 o o
0 % 1: 180 (2“; N W 0 1 2 3 435 36 37 38 39
ar oedema (um
35
1%t challenge 2" challenge

Days



Les lymphocytes T régulateurs FoxP3+

Chronic

infection
Autoimmunity
Acute
4 infection

Allergy ' . |
s

| -
B,

Host-commensal
interactions

-~
/

Transplantation

Treg cells
Metabolic
inflammation £
Cancer
o

W Tissue

injury
Pregnancy ©2016 American Association for Cancer Research
Cancer Immunology Research: Masters of Inmunology AACR

Plitas et al. AACR Journal 2016



Les lymphocytes T régulateurs FoxP3+

Ontogeny: Life Cycle of Regulatory and Conventional T cells

Secondary | Peripheral tissue |
lymphoid organ !
‘ rw i ?
APC l
Central -

T cells
Effector memory Tissue-resident

Resting /
T cell T. cell memory T_ cells
Activated - : Y Trmg

‘effector’ T cells

lntermnttent

self-antigen
expression

erlpherally

Pathogen

T CO“ derlved T CO"
clearance
O ' = —_—

Generation of naive T cells
and TR-; cells

Pathogen-derived

Effector memol Tissue-resident

ti y

antigen ctlvated T cells memory T cells
ffector

|
1
1
1
1
i
1
1
T cells :
:
i
1
1
1
1
1
|

Central memory
Tcells

Rosenblum Ann Rev Immunol 5’(7 16



Les lymphocytes T régulateurs FoxP3+

Suppressive mechanisms used by Tregs

a Inhibitory cytokines b Cytolysis
:‘2:&?;"?& B Granzyme A or granzyme B
TG B
O 6 ° . [}
@ o © o ' _
. 0 o 9 - Perform pore
Theg cell IL-35 IL-10 Effector T cell Apoptotic effector
T cell
€ Metabolic disruption d Targeting dendritic cells
IDO

Death due
to cytokine
deprivation

Through

8P

junctions

CD39- \\ co73

MHC

Adenosme class Il

Inhibition of DC maturaticn
7 aﬁnﬁ:ﬁiifynction

Vignali et al. Nature Reviews Immunology 2008



Main regulatory cells? FoxP3+Tregs @

*  Multifunctional FoxP3+ICOS+ regulatory T cells control CTL-induced skin inflammation

Inducible costimulator (ICOS) is a marker for highly
suppressive antigen-specific T cells sharing features of
Tu17/Tu1 and regulatory T cells J ALLERGY CLIN IMMUNOL

VOLUME 126, NUMBER 2

Vincent Gaillard, BSc,*" Sarah Renaudineau, MSc,> Amine Achachi, PhD,>® Josette Benetiere, BSc,*"*
Dominique Kaiserlian, PhD,"* Bertrand Dubois, PhD,>* and Jean-Frangois Nicolas, MD, PhD®®%9  Lyon, France

Marc Vocanson, PhD,*"* Aurore Rozieres, PhD,*"* Anca Hennino, PhD,>* Gaelle Poyet, MSc,*"* ‘

Transfer of FoxP3+ICOS+ Tregs prevents the priming of CD8+ CTLs
and the developement of skin inflammation in an antigen-dependant
manner

Activation of CD4+CD25+FoxP3+ICOS+ Tregs
in the draining lymph nodes of hapten-sensitized mice

Transferred cells CHS response 48h

Highly suppressive ‘ ' ‘ ‘ ‘
FoxP3+ Tregs PBS ——————]

CD4+CD25-ICOS- puuy
CD4+CD25-ICOS* g  P<0.01

Naive
FoxP3+ Tregs

CD4+CD25+ICOS" NN~ @ <«— _

0 2550 75 100 125
% control response

39



De nombreux lymphocytes regulateurs

Tregs FoxP3+ (CD25+)
pTregs
ou iTreg FoxP3

CTLA-4/LAG-3/AMPc / IL-10/TGF-B/IL-35/
adénosine / cytotoxicité / privation IL-2

nTregs

Thymus Périphérie - Voie orale
Induit in vitro

Ag du soi

CII514-1+ T @ @

Ag exogéne

Tregs FoxP3- (CD25neg/low)

iTregs Tr1  iTregs Th3 LTh1
Producteurs IFN-y/IL-1(
IL-10 TGF-$ IL-10

Périphérie - Tolérance Voie orale Périphérie - Infection

Ag exogéne

O @ @

Ag exogéne Ag exogéne

FoxP3+ Tr1-like

thymus périphérie

LT_,@ @

CD8+

CD4-/CD8- NKT

thymus

LT Cellules




Les lymphocytes non conventionnels :

TCR-driven activation

Weak
cytokine
signal

Strong
TCR signal | @

High-affinity
microbial
pRR lipid antigen

"O
Cytokine @

Main recognized lipids

HO
o 0 a 0
0 Ho =0
00 A0
AAMAAAY 3
/A OH

00 o Phosphatidylinositol: salf 0
(-Galactosyldiacylglycerol: 8. burgdorferi
HO OH

HO

%Q\(\/\AA/\/\N

-Galactosylceramide: synthetic or
marine sponge

Sulpl\atidl self

les cellules NKTs

Main features

2 groups of NKT cells:
v invariant NKT cells (iNKT cells) =
Vo24Ja18 and mainly V11
v" non-invariant NKT cells (oligoclonal)

TCR

INKT predominant in mice, few in humans

NKT cells promote immunity against cancers and
microbes but suppress autoimmunity

Functional versatility - different subsets (NKT1,
NKT2, NK17, NKTFH...)

INKT cells respond to self and microbial lipids
similar to the glycosphingolipid a-GalCer

Non-invariant NKT cells respond to lipids similar
to

CD1d-restriction

From Brennan et al. Nat Rev Immunol 2013



Other regulatory cells? iNKT cells @

* iNKT cells are non-redondant downregulators of CTL-mediated CHS responses

. + . Other studies argues against the regulatory functions of
Invariant NKT Cells Suppress CD8 " T-Cell-Mediated iNKT cells and suggest stimulatory functions

Allergic Contact Dermatitis Independently of
Regulatory CD4 " T Cells

Anne Goubier'>%¢, Marc Vocanson'23®, Claire Macari'*?, Gaelle Poyet'-*3, André Herbelin*?,
Jean- Frangois Nicolas"%3, Bertrand Dubois’?*® and Dominique Kaiserlian'-%*®

Journal of Investigative Dermatology (2013) 133, 980-987; doi:10.1038/jid.2012.404; published online 29 November 2012

Adoptive transfer of INKT in Ja18-/- mice

Decreased CHS to DNFB response in NKT deficient mice (B6) normalises CHS response
C *
a : '
0. + % oot C -0~ C57BLS6 250 - o
#x -O- CD1d** 160 = Ja18™"
- E 200 - A
120 4 = NS
* 2 1504 R A
o 3 A
80 Twio0 * a4 .
5 '—'— A
40 - w 504 5O (Y 'y
0 (/ - 0 1 1 | 4

Recipient C57BL/6 C57BL/6 Ja187~ 41518‘/‘
Donor — C57BL/6 — C57BL/6



Other regulatory cells? B cell subsets

«  Other regulatory cells (peritoneal B-1a cells) participate to the resolution of skin inflammation

"”\P'F'JOURN ALor CD22 _Expressim.l Mediates the Regulatory
AA IMMUNOLOGY Functions of Peritoneal B-1a Cells during the
Remission Phase of Contact Hypersensitivity
. o Reactions
This information is current as
of June 24,2014. Hiroko Nakashima, Yasuhito Hamaguchi, Rei Watanabe,
Nobuko Ishiura, Yoshihiro Kuwano, Hitoshi Okochi,
Yoshimasa Takahashi, Kunihiko Tamaki, Shinichi Sato,
Thomas F. Tedder and Manabu Fujimoto

J Immunol 2010; 184:4637-4645; Prepublished online 24
March 2010;

doi: 10.4049/jimmunol.0901719

http://www _jimmunol .org/content/184/9/4637

Adoptive transfer of B1-a cell promotes the resolution

Absence of CHS resolution in CD22-/- animals of skin inflammation in CD22-/- animals

A —O— wild type, DNFB —@— wild type, contn

359 —O—CD22*, DNFB  —@— CD22*, control B day 2 day 7 day 10

£

£ PBS

S

E cD227" peritoneal B-1a cell [ .

g ‘ -- . s

-§ wild type peritoneal B-1a cell j IDIH]]I['{ IDI -

2 ‘

.- non-treated wild-type ;% %

5 . L) L) L] L L] L) L L) L Ll Ll L) L L) L AJ L 3' L] L] L] LJ L] L L] L]

0246 81012141618200 2 4 6 8 101214161820 0 2 4 6 8 101214161820

159 T ear swelling (x1/100 mm)
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Les mécanismes de régulation intrinseques:

Les récepteurs inhibiteurs

Healed

DNFB allergic mice
& —> FACS
Resident memory [T cells (Trm)

j“‘)‘“‘g
v)@@@@g@ \J “ZreTere

-1 Z /“A

(o o)o)
o ole)elo) o)

{

Costimulatory <

Coinhibitory <

. NNA- cD27L

CDl37/\,|f\/w CD137L
|

ICOS 1~ B7RP1

CD80 CD86

MHC

CD80/CD86

PD-L1/PD-L2
PD-L1

HVEM
GAL9

ICR= Inh7bitq’;'y check point receptors

= Certain ICRs are expressed on skin CD8+ Trm

TIM3

gative Control
n (Epidermis)
ve T cells (dL
n (dLN)
n (dLN)

TIGIT

but not on circulating memory T cells-> they limited recurrences & exacerbations



D’autres mécanismes de régulation

adhesicn
molecules

non-mambrana
bound ligands

Qlycans

B7-tamily

par le tissu?

Ligands Receptors
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Lebbink et al. Mol Immunol 20(5‘75



Eczéma allergique de contact : les facteurs de risques

Ignorance?

Sensibilisation
Eczéma

Tolérance
I |

-> la nature de I’antigene = “le danger”

-> les conditions d’exposition (dose, fréquence, durée, route)

-> le polymorphisme génétique (barricre cutanée, enzymes de détoxification...),
age, sexe

-> [’environnement (maladie sous-jacente, stress, pollution...)




Les facteurs génétiques

+ 5. Studies on probably functionally relevant polymorphisms in contact allergic patients from ou
1), from more recent studies (columns [-1V, rows 1, 5, 6, and 9), and replication studies (column \

Polymorphisms Results

Cilammrin ol mmaudatinne feambonad Reacs e inmanclwiua:

Table 3. Difference in sensitization rates between children of
sensitized and non-sensitized parents. ‘The potent allergen DNCB
is probably overpowering genetic influences'; Walker et al. (21)

Percentage of children sensitized

Status of parents DNCB NDMA
Sensitized 65 51
Not sensitized 52 29

p < 0.10 p < 0.01

DCNB, 2,4-dinitrochlorobenzene; NDMA, p-nitroso-dimethylani-
line.

Cytokines: ILB—511, ILB +3853, ILRA,

ILE—174, TNFA-238, TNFA-308 individuals)

tact dermatiti
ar controls: nt

.act dermatiti:
ation to nicke

nickel
|

etylators’

ased;
lecreased.
VATZ2*4

1 patients
inds as

jroup allergic:
acid—-9
srence

2 pairs in intr¢
y) increased

TNFA-308 (G- A): increased (in polysensitized

TNFA-308 G/G and ILRA polymorphism (77)
increased in Turkish patients (n = 50)

Cytokine: IL-16
individuals)
Cytokine IL-4

IL16-295 (T—C) increased (in polysensitized

No difference between chromate zllergics and

controls with regard to /L4-590 polymorphism

Schnuch A, Contact Dermatitis 2010



Le pouvoir sensibilisant des haptéenes
varient en fonction de la nature des molécules

Chimique Secteur Pouvoir sensibilisant
Oxazolone Chimie Extreme
2,4-Dinitrofluorobenzene Chimie Extreme
2.,4-Dinitrochlorobenzene Chimie Extreme
Glutaraldehyde Conservateur, antiseptique Fort
Formaldehyde Cosmétique, Colorant Fort
Cinnamaldehyde Parfum, ar6me Modéré
Hexyl cinnamaldehyde Cosmétique, Parfum Modéré/Faible
Eugenol Cosmétique, Parfum Faible
Hydroxycitronellal Cosmétiqﬁe, Parfum Faible
Linalool Cosmétique Faible
Citral Parfum, ardme Faible
Vanillin Parfum, ardme Faible
2,4-Dinitrocyanobenzene Chimie Faible
Amoxicilline, cyanamide, Médicament Faible 48

cetrimide




Main effectors? CD8+ CTLs cirl

Journal of Investigative Dermatology (2006) 126, 815-820. doi:10.1038/s}.jid.5700174; published online 2 February 2006 li
CD8 + T Cells Are Effector Cells of Contact
Dermatitis to Common Skin Allergens in Mice

Sensitization Elicitation Marc Vocanson', Anca Hennino', Magalie Cluzel-Tailhardat', Pierre Saint-Mezard', Josette Benetiere',
Cyril Chavagnac', Frederic Berard'?, Dominique Kaiserlian® and Jean-Frangois Nicolas'?

Weak haptens

- Fragrances (Hexylcinnamaldehyde, Hydroxycitronellal,
Eugenol, Dihydrocoumarin, Isoeugenol),

- Dye (paraphenylenediamine)
- Drugs (Amoxicillin, Rosephin, Phenytoin, Sulfasalazin)

Strong haptens: DNFB, TNCB, OXAZOLONE...

Ear swelling (um)

160
400
| CD4+ T cell-deficient mice
-MHC class Il-/- (C57BL/6) -
-anti-CD4 mAb treatment £ \
| s 12(
300 = CD4+ T cell-deficient mice
£
©
. . = 80
2001 Wild-type C57BL/6 or BALB/c mice n
@
L
100 CD8+ T cell-deficient mice 40 . .
-MHC class I-/- (C57BL/6) Wild-type mice
-anti-CD8 mADb treatment
0 2 4 5 3 10 CD8+ T cell-
0 1 2 3 4 deficient mice
Days after challenge Days after challenge
49

« CD8+ T cells are effector cells
« CD4+ T cells comprise regulatory T cells



Un défaut de détoxification conduit a une rupture de
tolérance vis-a-vis des hapténes faibles

-
{  Sensibilisation Challenge In%‘fmmaﬁ‘,’l‘ll c‘}'}?a“‘i’e . N P]oGN o
i (JO) (JS) ((Edeme oreille, histologie, PCR,F CS)E ©/ 2
i 11-J10 e‘ o,
; —_— L { | DNTB
i Réponse immunitaire T spécifique i
i (Facs, PCR, stimulation in vitro, ) i
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¥ SHsH
\/
4 v
Keapl
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—> S mmunie
MV innée
ProteineS/ \\ Processus
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50

Elimination



Un défaut de détoxification conduit a une rupture de
tolérance vis-a-vis des hapténes faibles

Sensibilisation
(JO)

Challenge
(J5)

Souris Nrf2-/-

[\
[—3
<

Souris normale
100 1

(Edéme oreille (um)

=}

0 2 4 6 8 10

Days after challenge

Zeina El Ali et al., Toxicol Sci, 2013
Kerdines-Romer & Vocanson et al, manuscript in preparation

Inflammation cutanée

5

Réponse immunitaire T spécifique

(Facs, PCR, stimulation in vitro, )

—>
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trap¥fort

Excretion
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Enzymes
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tif
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Immuniteé

@® . ,
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L’irritation favorise la rupture de tolérance
vis-a-vis des haptenes faibles

(Facs, PCR, stimulation in vitro, )

Prétraitement
Irritant (SLS) [ .
Véhicule DMF i Sensibilisation Challenge Inﬂammatlt?n cu?anee . i CN
Injection d’ IL-1B i (JO) (J5) (Edeéme oreille, histologie, PCR,FACS) i ©/N02
30 min | 5 jours J1-J10 s
- : ’ -_— i | DNTB
i Hapteénes faibles Réponse immunitaire T spécifique E

y:

L’application d’un irritant SDS / un véhicule

difféerent (DMF) / I’injection d’une cytokine
/ proinflammatoire comme IL-1f avant la
sensibilisation induit une réponse d’eczéma
Sans prétraitement Vis-a-vis d’un allergéne faible

[
[—3
<

100 1

(Edeéme oreille (um)

L’inverse est vrai pour un haptene fort :
0 2 i 6 § 10 bloquer la production d’IL-1f prévient la
sensibilisation et favorise la tolérance

=}

Days after challenge

52
Yasukawa et al., Nat Comm, 2014
Watanabe et al. JI, 2008



L’irritation fait le lit de I'allergie

Macon de 48 ans,
eczéma de contact irritatif depuis des années,
aggravation depuis 3 mois
- Eczéma allergique au chrome

53
Nosbaum et al. Eur J Dermatol 2011
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SKIN

SUB-CUTANEOUS
TISSUE

Anatomy of the skin

Reticular dermis

Hypodermis

e pilaire

Qa Glande sebacée
e

Muscle strié =~

¥

e o

145
.

Follicule pilo-sebacé

95



Anatomy of the epidermis

Desquamation

e — | Elimination des cornéocytes morts
stratum D S | Cornification
corneum | =SSt o . , .
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Anatomy of the skin - Comparison human / mouse / Pig

human

mouse

Pig Human

A. Porcine Skin B. Human Skin

Epidermis
Papillary
Dermis

Reticular
Dermis

Hypodermis |

Epidermis: 6-10 versus 3 layer of Keratinocytes
dermis: substantially thicker

dermis: less follicles

Inter-folliclar area: no rete-ridges in human

Mouse->entire muscle layer:panniculus carnosus




The skin microbiome

Skin microbes and their regional localisations
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Grice et al. Nat rev microb 2011 [ Actinobacteria || Bacteroidetes [ Proteobacteria

Il Corynebacteriacese [l Cyanobacteria
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_— Unclassified

B Micrococciaceae Firmicutes - ’ rese
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Up to 10?2 resident bacteria/m?2
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Propionibacterium, Corynebacterium



Neurogenic connection of the skin

Pain, Pruritus, Sensorial... responses

Pressure, Heat,
Scratching, Irritants,
Allergens, UV, Microbes...

> Langerhans cell

Epidermis

} Blood vessel

Protons, kinins,
proteases, amines,
prostanoids, cytokines

-~ J P —
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