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Research activities

Pathophysiological research Translational research

Skin allergic diseases New immunological assays

Diagnosis
= Prediction of allergenicity
——

Assessment of new therapies

Allergic contact dermatitis (ACD) Atopic dermatitis (AD)

ECZEMAS Intradermal vaccination

MILD - Exanthema SEVERE - Blistering disease

DRUG ALLERGIES
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The skin: the multitasking organ

Barridre chimique:
allergnes, irritants...

Barribre immunalogique:
Pathogénes

e B

1‘--\

- - / P | Earriere physique:
Barriére hydrique stress mécanique, irmadiation UVs...

= Skin area=1.8 m2

= 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 Tumors
o 4 Immunity
Commensal bacteria

| 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 autoimmunity
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Anatomy of the skin
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Anatomy of the epidermis

Cellules
différencides

Cellules
prolifératives
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| Atopic dermatitis 3 4
— IHC staining of filaggrin, suarez-Farinas et al. JACT 2010
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Anatomy of the skin - Comparison human / mouse / Pig

human mouse Pig Human

A. Porcine Skin B. Human Skin .

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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Up to 10%2 resident bacteria/m?

3 species particularly well-adapted to the acidic PH environment and host AMPs: Staphylococcus,
Propionibacterium, Corynebacterium




Neurogenic connection of the skin

Pain, Pruritus, Sensorial.. responses
Pressure, Heat,

Scratching, Irritants,
Allergens, UV, Microbes...

-~ Langerhans cell

Epidermis

Blood vessel

Pratons, kinins,
proteases, amines,
prostancids, cytokines

Neuropelides —“.Q

Spinal cord

Récepteurs simples

-terminaisons nerveuses libres Mechano, thermo, chimioreceptors
-organes terminaux encapsulés

The cellular effector of the skin

Terminally
differentiating
(Comeocyte keratinocyte

Langerhans cell
|

Stratum
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Epidermis
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™ |spinosum
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basale
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Test a keratinocyte membrane
CD4" T, 2 cell =
Dermal BC = o>
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Figure 1. Skin anatomy and cellular effectors

Thee stretines of the <kin reflacts the comnlevity of its fincfians 28 2 nmfective harrier in

~ Blood vessel
BRSNSy =
Numerous immune cells reside, traffic into the skin and travel to the lymph nodes:

Langerhans cells, dermal dendritic cells, macrophages, mast cells, Tconv (Tregs), Tqd cells,

innate cells such as ILC.
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Skin immune cells -

Human epidermis

Mouse epidermis

Numerous Ty5+51+ cells into the mouse
epidermis (DETC, about 90% of T cells)

Differences human / mouse

Dendritic cell subsets

Mouse Human
Lymphoid tis [
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Phenotypic differences in DC subsets
Recent studies identify subsets with functional homologies

* La peau

PLAN

» Bases immunologiques de la réponse
inflammatoire cutanée

 Allergie cutanée : 'exemple de I'eczéma de

contact

* Principes généraux / Mécanismes de
tolérance/régulation de la réponse d’eczéma
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Induction of systemic immunity upon skin exposure/immunization

Skin exposure, immunization
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Induction of systemic immunity upon skin exposure/immunization

Skin exposure, immunization
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Induction of systemic immunity upon skin exposure/immunization

Skin exposure, immunization

| E[l)idermis

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

nérf | v
CcL19/CCL21

— ————~ __— CXCL12 y A
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Innate immunity -> Ist line of defence
Release of inflammatory mediators

Dermis

“ Mgt cell

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

Inducers Sensors
Microbes, P(athogen)AMPs
Allergens TLR,NLR...

AlloAg

Tissue damage D(amage)AMPs
Cell-derived TLR, NLR, RAGE...

Plasma-derived

Inflammation
General scheme

4 major inflammatory components

Mediators Target tissues

Cellular

Neutrophils, Eosinophils,

Monocytes/Macrophages,

TaB cye”s___ phag Redness/Oedema
Heat/Pain

Molecular Loss of function

Cytokines and chemokines,

Vasoactive amines or peptides

Complement fragments

lipide mediators

b S — A

@f . L

Tissus damage

Macraphage

DANGER ptOI’S proteolytic enzymes
Hypothesis
LA NN y Pathway
- S-u-l:m"l\r Mediators Target tissues
@ Yot

CELE, CXCLE '

Histaming =~
Eeaclykirsin .
Eicosanaids
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Pathogen recognition receptors (PRRs)

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

Toll-ike Receptors C-type Lectin Receptors
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* Recognition of specifc structures (polysach, nucleic acids, nucleotides lipoproteins, glycolipids)
* Cell comptarment localisation, tissue-specific expresson
* Cell intrinsic = infected cells, cell extrinsic=> not infected cells;
but most of PAMPs are detected by both
* Recognition of functional features (enzymatc activities, pore-forming toxins)

NOD-like Receptors

Inflammation
PAMPs — DAMPs and their sensors

DAMP Adjuvant activity
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¢
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. A LA | DNA
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_ L . induced by LL37—self-DNA complex
5 L] S
j FRage TLR2 LA ;Thl ligands ‘Other recepiors ' TLATI OfMerdamin: e LF HMGE1 Defensins e T
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tnvirra: DC chemotaxis
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Inflammation

PAMPs — DAMPs and their sensors

Extracellular DAMPs

| endogenous — —
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ECM components

Table 2| Adjuvant and pro-inflammatory activity of extracel

maturation by blocking peptide; adjuvant
activity by administration of purified molecule

DAMP Adjuvant activity

Hyaluronic acid Invivo: inhibition of Langerhans-cell
Invitro: DC maturation

Hey Iph Invitro:DC

Fibrinogen Invitro: DC maturation

Collagen-derived
peptides

Fibronectin

Elastin-derived
peptides

Laminin

Invivo:ND

Invitro: DC maturation
Invitro: DC maturation

Invivo:ND

Inviro:ND

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

v
v' vY "V'
'y =
IL-1a//IL- %‘\j \P;
1b/TNFa )
TSLP
IL-33

IFNa/b

|, e
Mgt @3 F

nerf | v Ei
RO e » CCL19/CCL21
=}

"“Monoeyte— CXCL12 y
SESV Rkt
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Release of inflammatory mediators
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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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Innate response
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Adaptative immunity

Antibody production
Effector CD4+ & CD8+ T cells
Memory T cells, B cells & plasma cells

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
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Adaptative immunity 5 \ |\
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Distinct T cells
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Different mode of recognition by the innate immunity@
- different layers of sensing by the immune system
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Different mode of recognition by the innate immunity@
- different layers of sensing by the immune system
- different effector response

TMUSCTIPE
Mot foerenol, Author manuscript; available in PMC 2015 October 01

K HHS Public Access

Nt fwmanal. 2005 April | 16083 M40 153. doi 10,1008/ 3120

Control of adaptive immunity by the innate immune system

Akiko twosaki and Rustan Medzhitov
Howard Hughes Medcal Instaute. Depariment of Immunctealogy, Yake University School ol
Maodcing, New Haven, Connecticut. USA
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The development of T cell memory @

Secondary

Primary immune response .
immune response
——>

Expansion Contraction Memory
¥ CD8" T cells
=
c
2
;'E Antigen
2 (Ag)
&

Time

Effector T cells

Naive
Teell

Ag-presenting ’
DCs

Antigen-specific memory T cells =
*  more numerous
= poised for more rapid and more potent action
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PLAN

* La peau

» Bases immunologiques de la réponse
inflammatoire cutanée

 Allergie cutanée : 'exemple de I'eczéma de
contact

* Principes généraux / Mécanismes de
tolérance/régulation de la réponse d’eczéma

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

? H R
5 H— L%— %-ccou
ROHFE
oM s Ll H
HN—(lj N— 1 COOH—l
N0, H
DNFB protem Haptenlzed protein =
2,4-dinitrofluorobenzene  (lysine) modified self (new antigen)

Presentation of haptenized peptides

08/01/2019
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Experimental models of ACD in mouse, in human @

Sensibilisation Challenge Skin inflammation

Haptens (DNFB, fragrances, drugs) | esponse

O Allergic individuals
(ear swelling, histology, FACS, qPCR) ) N

5 days :
— ‘ —

/_f;_‘\

W

T response

Skin tests (FACS, in vitro stimulation )

(FACS, in vitro stimulation )

et

. Positive patch-tests
CHS (= ACD) response ACD lesions  to reference allergens
4007 to DNFB, TNCB, OXA...

w
(=3
o

Ear swelling (um)
N
S

=
(=3
o

0 2 4 6 8 10
Days after challenge

|-18, IL-1b
NF-a, IL-6
GE2, LTB4
listamine...

1- Sensitization phase
Innate immunity/ T cell priming

Pathophysiology of Allergic Contact Dermatitis (ACD@

2- Elicitation phase
Effector response/ Polymorphic recruitment

vy Hapten
'.v'v’ v

VOCANSON et

VOCANSON et al

ROZIERES et al., Al
VANBERVLIET et

; n Immunol, 2011 & CD4+ T conv CD4+
ROUZAIRE et al. Eur J Immunol, 2012 )
GOUBIER et al. J Invest Dermatol, 2013 Lymphoid organs Tregs
CORTIAL et al. d 5

| Epidermis |

{ CD4+ T conv (Thl)
Neutrophils @ CD4+ Tregs
S — e

Inflammatory monocytes, macrophages

CD8+ T cells
(GzB, FAS-L, IFNg)

) =CTLs

Antibodies

Nanomedicine, 2
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How haptens activate innate immunity? @
Inducers
Inducers .
y Tissu damage
Haptens .0.

NP o / \

® A& :

l ¢ Y .O. o ATP $o 1w

.

Caspase-t

IFNa/B IFNa/p l .
1L-6, L8, IL-12 16, IL-12, IL-23 .
TNFa TNF-a 1B
coL2 L —— TR

pro-lL-18

SF Martin et al, Allergy, 2011

Les diverses étapes de la sensibilisation :
activation de Pimmunité innée

* Impact des médiateurs reconnus par les TLRs sur le développement
de la réponse d’EAC y

TNCE P S+ THCA T

Esser P, Plos One 2012 Production ROS, peau challengée
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Les diverses étapes de la sensibilisation :
activation de I’immunité innée

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

-
£
untreated wehicle ATP THCE
Relargage ATP, peau challengée
Contribution of innate cells? Mast cells @

Ear skin mast cells and blood vessels respond to hapten

ety

1:00h after DNFB 1:40hrafter DNFByr 12:20fafler DNFB

Mast Cells Are Key Promoters of Contact Allergy
MMateﬂnAcimmEﬁdemhns

e Do o Dok, . Aoy K
e P, D Vg - o z o parmar]

Dramatic decrease of CHS response in animals

conditionally depleted in mast cells Skin inflammation is histamine-dependent

CHS response

© Nor-sensitized
B0 -
—v— CreiDTR* —¢— Untreated
g 01— :fcnracmom- % F® ]L"é —o— Pyrilamine
z —o— Veh = 5
g 4 lT § 0 %
= / E
P2 , % %
3 A o[ f‘i’% i
o L4 R
wﬂtQ:--, 0 2 4 6 8 10 12 M
0 u- e Time(h)
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Contribution of innate cells? Neutrophils @

Large infiltration of neutrophils Lack of neutrophils (depletion, transgenic animals)

in the hours following hapten application  prevents T cell priming and development of skin inflammatior|

+6 hours
—— > FACS analysis of skin
~ | cells
DNFB or vehicle A Brlef Deflalrive Kep
DNFB Neutrophils are required for both
il (VD the sensitization and clicication
i Neutrophils shase of contact hypersensitivity
17.5% P L ¥ )
= Inflammatory
24%

> monocytes

N A Fkk D Hkk
BT T Ty

. LR A 100 DVehicle
A vehicle 5= 150 WTNCB
1G] sg *

c2

2 % 100 50

2 %0 %

0 0
WT Ml e Control PMN depletion

Main effectors? CD8+ CTLs ﬁ

CD8 + T Cells Are Effector Cells of Contact
Dermatitis to Common Skin Allergens in Mic
Sensitization Elicitation Mac e

b —

i/&_’ Ear swelling Weak haptens

>F

g (F , Hydroxy

Dil g

-> Dye (paraphenylenediamine)

- Drugs (A icillin, y
Strong haptens: DNFB, OXA... - : -
160
400
CD4+ T cell-deficient mice
MHC class II-- (C57BL/6) R
-anti-CD4 mAb treatment
_ € 12
e 300] = CD4+ T cell-deficient mice
s 2
2 T
E 2001 / Wild-type C57BL/6 or BALB/c mice » 80
©
2 P
<
w 40
100 CD8+ T cell-deficient mice N N
-MHC class I-/- (C57BL/6) Wild-type mice
-anti-CD8 mAb treatment

04 CD8+ T cell-
0 2 4 6 8 10 0 1 2 3 4 deficient mice
Days after challenge Days after challenge
v 9. CcD8+ T cells are effector cells
* CD4+ T cells comprise regulatory T cells
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Sensitization

Elicitation

Priming of

IFNg-producing CD8+ T cells

T cell response
(draining lymph nodes)

Elispot assay

mAb Treatment

Undepleted 3
CD4+ depleted _

CD8+ depleted I'
CD4+/CD8+ depleted |

0

IFNg SFC / 10° cells

50 100

Main effectors? CD8+ CTLs

Immunohistochemistry

qPCR

3 — Ear swelling

T cell response

150 200 250

Ear swelling (um)

00 CHS response
=
300 .
200 q
DNFB
1000
0 4 6 8 10

2
Days after challenge

Early recruitment of CD8+ T cells initiates eczema

T cells recruitment
(challenged ears)

Immunostaining

mRNA Relative expression

gRT-PCR

Keratinocytes:
target of CTLs

TUNEL

&=

Main effectors? CD8+ CTLs

Allergic individual
Patch-test

Immunohistochemistry

@

2
(2]
£
o
S
Y

qPCR

.IFNg i 4 GrB

1) GIN i erf

ra)

-
£ 3

12h 48h 120 48h 12h

T T
48h  12h 48h

Roziéres A. manuscript in preparation
Nosbaum A. manuscript in preparation
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Main effectors? NK cells

* NKcells are far less important than CD8+ CTLs for eczema

Natural killer cells and T cells induce different types
of skin reactions during recall responses to haptens
Pawl Rowssire'*, Carmelo Luci®, Hisaberth Mlasco’=,

Jacques Biemvenu'*%, Thierry Walser'?, Jean-Frangods Nicolas'-+*
and Ana Heanino'”

- Paulst S. Nat Immunol 2011

NK cells confer CHS and recall responses, when
extracted from liver and transferred into recipient
animals

No CHS response in T cell-deficient strains

-> NK cell « memory »

500 -
A Mico Sensitization  Challenge —8— NK cells transfered mice
400 — =& CD8 T cells transfered mice
Vahicle DNFB } T naive mice
C57BIE WT 3
§
h-]
8 200
Vehicle DNFB H ]
C57BIG Rag2”
k T T T T T 1 0
d i &
0 S 10 1 20 /0 30 0 1 2 3 435 36 37 8 39
Ear oedema (um)
1% challenge 2™ ghallenge
Days

Main effectors? CD8+ CTLs
Recurrence, chronicity

!"Healed lesion

allergic animal

Epidermal sheet, Confocal
microscop

Skin edge

CD8+ T cells

DETC

{ Hair follicle

Pia Gamradt, Léo Laoubi

Flare-up reaction

o
healed healthy healthy

Allergic Naive

Acute depletion of CD8+Trm abrogates flares

—_—

0
oCD8 . + Non-
DT - - + allergic
mice

DNFB allergic mice

Injection of diphteria toxin or anti-CD8+ mAbs
IDTR transgenic animals
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Pathophysiology of Allergic Contact Dermatitis (ACDE

1- Sensitization phase
Innate immunity/ T cell priming

2- Elicitation phase
Effector response/ Polymorphic recruitment

v,Vv; Hapten

|-18, IL-1b

NF-a, IL-6 N

GE2, LTB4
flistamine...

Blood vessels

BOUR et al. Eur J Immunol, 1995
KRASTEVA et af

JImmunol, 1998

| Epidermis |

?m
3
5
o
o

-«
Dermis

A/
Neutropluls O CD4+ Tregs
— e

—

& Neutrophis \igf /

CD8+ T cells
(GzB, FAS.L, IFNg)
=CTLs

)/

CD4+
Tregs

Antibodies
1 Immunol, 2010 B cells

Clin mmenol, 2011 C CD4+T conv
Fe
2013 Lymphoid organs

Inflammatory monocytes, macrophages

Pourquoi I'allergie? - Bénéfique pour I’héte
méme si parfois problématique si excessive

PERSPECTIVE

dai; 10, 1047

Allergic host defences

Noah W. Palm's, Rachel K. Rosenstein'® & Ruslan Medehitoy!

\lh.rxhn are genermily munum 1o be a detri a d Immune resy that evolved to provide
" that allergic has an ke in host

defenca agalnst noxious environmental substances, inchiling venonms, el

semobiotics and irritants. We angue that :;upmlui.lll Iy l:rv,ttur! allergic they can

become detrimental when excessive, Furthe est that =llcml: Inpl:l'uﬂulth'll\ evolved to elicit

anticipatory responses and (o promote avok

-

<\ /=

Allargic host defences
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Pourquoi I’allergie? - Bénéfique pour I’héte
méme si parfois problématique si excessive

&=

p=r]
e o
Goblet coll hyperplasia 558 “*L | Helminth killing
e B B e (G
- IL-5
e/
i
A /l--i 'L\
HKeratnacyle hyperplasia a8 L3 IL-13 Vedrminth restrict on
Epiderrmal thickering KGF? AAMD Tinsus repair
b
asodilation
\nscular leakage
Cedoma
Ecloparasie ; - Mant
restriction andl 7 TN e calal Goughing
axpLision bosophils Histamina and Sneazing
prostaglancing | Brancho-
conatriction
| "B Cfibrag  Histamine Smoath muscle W
\
L Diarthoes
Voeriting
(G tract)
¥ ¥ iud ICs I 1 hista d d {1

La peau

Bases immunologiques de la réponse
inflammatoire cutanée

Allergie cutanée : 'exemple de I'eczéma de
contact

Principes généraux / Mécanismes de
tolérance/régulation de la réponse d’eczéma
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Eczéma allergique de contact : les facteurs de risques

Ignorance?

Sensi
Eczéma

Tolérance

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

-> les conditions d’exposition (dose, fréquence, durée, route)
-> le polymorphisme génétique (barriere cutanée, enzymes de
détoxification...), age, sexe

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

Sensitizing potency of haptens

Chemical Field Sensitizing potency
Oxazolone Chemistry Extreme
2,4-Dinitrofluorobenzene Chemistry Extreme
2,4-Dinitrochlorobenzene Chemistry Extreme
Glutaraldehyde Preservative, antiseptic Strong
Formaldehyde Cosmetic, Dye Strong
Cinnamaldehyde Perfum, Flavour Moderate
Hexyl cinnamaldehyde Cosmetic (fragrance) Moderate/weak
Eugenol Cosmetic (fragrance) Weak
Hydroxycitronellal Cosmetic (fragrance) Weak
Linalool Cosmetic (perfum) Weak
Citral Perfum, Flavour Weak
Vanillin Perfum, Flavour Weak
2,4-Dinitrocyanobenzene Chemistry Weak

Amoxicillin, cyanamid,

. Drug Weak
cetrimide
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Main effectors? CD8+ CTLs @

Sensitization Elicitation

&id/ ® — Ear swelling

Strong haptens: DNFB, OXA...

400

CD4+ T cell-deficient mice
-MHC class II-/- (C57BL/6)
-anti-CD4 mAb treatment

3004

J Wild-type C57BL/6 or BALB/c mice

'

200

Ear swelling (um)

CD8+ T cell-deficient mice
-MHC class I-/- (C57BL/6)
-anti-CD8 mAb treatment

100

0 2 4 6 8 10
Days after challenge

Ear swelling (um)

fné T -Célls Are E-ﬁeﬁm Cells of Contact
Dermatitis to Cummon Sl(ln AIIergens in Mice

M Vecamaon', A ', pomaete lemetiers

Weak haptens
> m

(F
1, Dihydi

- Dye (paraphenylenedlamme)
- Drugs (A icillin, Ph

160

12¢

80

40

0

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

CD4+ T cell-deficient mice

Wild-type mice

CD8+ T cell-
1 2 3 4 deficient mice

Days after challenge

L’équilibre immunologique -
Une balance entre activation et contréle lymphocytaire

A

zw’c‘ _

LA

@ j)

Activation
LT effecteurs

Normale: réactions contre les
pathogénes
Pathologique: maladies
inflammatoires: allergiques,
autoimmunes

__..--’

Tolérance
LT régulateurs

Pas de réponse contre le soi

Réponses contrblées
contre les pathogénes
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Regulatory T Cells (Tregs)

Chronic

infection
Autoimmunity @ @

Allergy '

N

inflammation

Metabolic / l

u Tissue
Pregnancy injury

/ Treg cells H“H‘H‘H‘

Acute
infection

Host-commensal
interactions
‘. Transplantation

Cancer

Cancer Masters of

AAGR

Plitas et al. AACR Journal 2016

De nombreux lymphocytes T régulateurs

Tregs FoxP3+ (CD25+)

Tregs FoxP3- (CD25neg/ow)

nTregs pTregs iTregs Tr1  iTregs Th3 LTh1
ou iTreg FoxP3 Producteurs IFN-y/IL-1Q
CTLA-4/LAG-3/AMPc / IL-10/TGF-g/IL-35/ IL-10 TGF- IL-10

adénosine / cytotoxicité / privation IL-2

Thymus  Périphérie - Voie orale
Induit in vitro

Ag du soi Ag exogeéne

L0 ® ©

Ag exogéne

Périphérie - Tolérance Voie orale  Périphérie - Infection

Ag exogéne

@ e

Ag exogéne

FoxP3+ Tr1-like

thymus périphérie

thymus

@ @

CD8+ CD4-/CD8-

LT @ Cellules @

NKT
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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/T.1 and regul y T cells

M54 Amine Ackachi, PO, Josetts Benetiers, BS¢. 444
Deminique Kalseriian, PR0,** Berirand Dubsis, PRD,** and Jean-Frangels Nicolss, MO, PRO***Y [oe Frasce

Mare Voeansan, PRO,*"* Aurars Rozieres, PR0,*"* Ancs Hesaine, PHD,"* Gaelle Peyes, M52 ‘

Activation of CD4+CD25+FoxP3+ICOS+ Tregs Transfer of FoxP3+ICOS+ Tregs prevents the priming of CD8+ CTLs
and the developement of skin inflammation in an antigen-dependant

in the draining lymph nodes of hapten-sensitized mice
manner

Transferred cells CHS response 48h

Highly suppressive
FoxP3+ Tregs PBS  —
CD4+CD25-ICOS- [ .
CD4+CD25-ICOS+ I P<0.01
CD4+CD25+ICOS- puu—

CD4+CD25+ICOS- [ <\

0 25 50 75 100 125
% control response

Naive
FoxP3+ Tregs |

CD25

Regulatory T Cells (Tregs)

Les Tregs sont des LT CD4+ Foxp3+ CD25"i

+ Générés aprés reconnaissance d’auto-antigénes dans le
thymus ou dans les tissus périphériques

» Leur génération requiére le facteur de transcription Foxp3
— Sa mutation cause des maladies auto-immunes sévéres chez
I'hnomme (syndrome IPEX- Immune dysregulation
Polyendocrinopathy autoimmune enteropathy X-linked) et chez la
souris scurfy.
— Peut étre exprimé transitoirement par les LT activés chez
’lhomme

— Expression stable chez la souris
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Ontogeny: Life Cycle of Regulatory and
Conventional T cells

andT,_ call.

tion of naive T cells

Generati

Far phar lly
arwed T, cell

Effector memery
T, cells

% P th == derived

P thogen
aranc
e
Effsctor memory i dont
Activated -

mj)\/

c vl memory
cells

Rosenblum Ann Rev Immunol 2016

Foxp3-expressing Treg Subsets

Several subsets on the basis of

— The sites in which they are generated

» Thymus-derived Treg cells (1Tregs)

* Peripherally-derived Treg cells (pTregs)
* In vitro induced (iTregs) also called Tr1

* No reliable marker to differentiate these subsets in the skin

— Their relative differentiation state

» Naive or resting Treg cells versus effector or memory Treg

cells

» Good markers to differentiate these subsets in the skin

— The tissues in which they primarily reside

08/01/2019
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Selected markers for resting, effector and memory T cell

Conventional T cells Requlatory T cells
effector
Selected CD25™ cD2s" CD25*~ CD25" CDZ25 expression| CcD2s"
phenotypic CDaa' D44 CD44" CDa4™ variable CD44"™
markers N
CD4sRAM CD4sRAexpression  CDASRAS CD4sRAM e CD4sRA:
CD45ROM e CD45ROM™ CD45RO= R CD45ROM
CD60™ CDASROGXPrEssion (D60 expression  CDBO™ SRR CD60
. - .
L-selectin®® — variable Lselectin®® CD60 exﬂlesswon
CD127%h L-selectin CD1274w L-selectin** unknown
L-selectin= i L-selectin®
Ki67e varisble CTLAS co1z7 !
§ CD127 - . €D127%
BCL-? . CDi27 ICOS'
Ki67" N - IcosH CTLA-4M
BCL.Z4w cD27 HLA-DR! s
o P HLA-DR™
KLRG1" Kig7 : — HLA-DR
BCL-2M BCL-2% : expression
BCL-2~ not defined
KLRG1" CD2™
Kib7=
BCL-2m
KLRG1
EXpression
not defined

Rosenblum Ann Rev Immunol 2016

Suppressive mechanisms used by Tregs

a Inhibitory cytokines

Membrane-
tethered TGF

ol I35 110

Thag © Effector T eell
€ Metabolic disruption
oS . .
L /-\O Death due
S0 i to cytokine
0 ey ® deprivation
Througn | }
gap
junctions AR
D39 \\ cD73
o
(]
b - B /

Adenosine

b cytolysis

Granzyme A or granzyme B
o
O o : o o
—_—
e
Perforin pore

d Targeting dendritic cells

Apoptotic effector
T cell

CD8oy/

CTLA4 cD8s

MHC
class Il

Inhibition of DC maturation
and function

Vignali et al. Nature Reviews Immunology 20|
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+ Adaptation des Tregs a leur environnement ou existence

Fonctions « non immunologiques » des
Tregs dans les tissus

Régulation du métabolisme lipide dans le tissu adipeux

Production de facteurs de croissance dans le muscle, la
peau et le poumon pour favoriser la réparation tissulaire
(traumatisme, dystrophie musculaire, infection)

de différents types de Tregs selon le tissu?

Mouse Skin Gating strategy in Flow Cytometry

CD45

.

Tregs And The Cutaneous Immune System in Mouse

DETCs

Dermal gd cells

T cells

Treg cells = 509

<o 05 4 CoBs
% CD4+ cells

foxp3- foxp3+

Could be considered as tissue resident cells

Gratz et al. J Immunol 2013
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Treg Functions in Skin (1/4)

* To limiting skin auto-immunity
— Memory T cells attenuate skin disease upon re-expression of tissue antigen.

z 12
-1z * PCB1 4 Control

Mean clinical score

60 ,

On Dox

On Dox On Dox

Doys Days  Treatment

Off Dox

— Exposure to tissue autoantigens leads to the activation of self-reactive Treg cells
— Those Tregs are generated by self-antigen expression in the thymus.

— Activated Treg cells persist in the target tissue and suppress autoimmune
responses upon repeated or chronic encounters with tissue autoantigen

Rosenblum Nature 2011

Treg Functions in Skin (2/4)

Promoting tolerance to commensal

Critical window

bacteria & [
% = >
Age
— Skin bacteria activate antigen-specific T )
I intact skin barri Neonatal Skin Immune
cells across an intact skin barrier Treg TSlerancats
Commensals
_ @ = R
— Tolerance to skin commensal bacteria is = R e
preferentially established in neonatal life -y |
— A unique wave of activated regulatory T
cells enters skin in this critical window c Das bagts D o s e
. . Sl | - Y
— Blocking entry of Treg cells into 2 oM g ] - e
neonatal skin prevents tolerance to B ]
Commensa|s A D P T AR PR DE D13 D17 D20 DaaAdult
FoxP3

Scharschmidt, Nosbaum et al Immunity 2016
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Treg Functions in Skin (3/4)

Wound + Facilitating cutaneous wound healing

* At the cellular level, Tregs regulate
inflammatory macrophage accumulation

in wounded skin
EGFR

+ At the molecular level, Tregs utilize the

Jre m EGFR pathway to facilitate wound healing
‘ Immune
TCR Regulation
stimulation & Repair

Nosbaum J Immunol 2016

Treg Functions in Skin (4/4)

B = Hair follicle stem cell
@ = Regulatory T cell

* Facilitating epithelial stem cell
differentiation

Treg activation in skin closely correlates with the HF cycle

Tregs localize to HFSCs and play a major role in HF
regeneration

Tregs facilitate HFSC proliferation and differentiation to
initiate HF cycling

Treg expression of Jagged 1 is required for efficient hair
regeneration

WT +DT
-+ Foxp3®™ + DT

5 10 12 14 Ali, Nosbaum et al Cell 2017
Days Post-depilation
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De nombreux lymphocytes T régulateurs

Tregs FoxP3+ (CD25+) Tregs FoxP3- (CD25neg/low)
nTregs pTregs iTregs Tr1  iTregs Th3 LTh1
ou iTreg FoxP3 Producteurs IFN-y/IL-1(Q
CT,LA-4l/LAG—3/AMPf: / I,L-10/lTGll:—ﬂ/IL—35/ IL-10 TGF-8 1L-10
adénosine / cytotoxicité / privation IL-2
Thymus  Périphérie - Voie orale Périphérie - Tolérance Voie orale  Périphérie - Infection
Induit in vitro
Ag du soi Ag exogéne Ag exogéne Ag exogéne Ag exogéne

b0 @ C ® ®

FoxP3+ Tr1-like thymus
thymus périphérie il
LT ., ellules .~
o @ CDA4-/CD8- O N ©

CD8+

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

Voo

focaranon' 14, Claire Macari™, Gaslle Poyet' ", André Herbelin®*
', Bertrand Dubois'*** and Dominique Kaiserfian***

20811 V13, 00 307; ot 10 HIMNFLONEAOH: publisherd cnfing 29 Navernies 2017

Adoptive transfer of INKT in Ja18-/- mice

Decreased CHS to DNFB response in NKT deficient mice (B6) normalises CHS response
c "
a .
60 = % coidt c -0~ C57BLE 250 U
++ =0~ CD1d** 160 - Jpip
120 * £ 200 A /
4
. 120 * 3 150 ,L'
T A
80 80 21w00{50 ® A R
- = 0 o® A
40 40 § 504 O oo Y
0 0 0 T T T "
- o -
0123 47 012 3 4 7 Recipient C57BL/6 C57BL/6 Ju18 Jal18
Donor - C57BL/6 - C57BL/6
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Other regulatory cells? B cell subsets @

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

e oy PN AT CD2z E Ton Medi the ¥ 1 ¥
A [MMUNGLOGY Functions of Peritoneal B-1a Cells during the

Remission Phase of Contact Hypersensitivity
Reactions

This information is current as

of June 24, 2014, Hiroko Nakashima, Yasuhito Hamaguchi, Rei Watanabe,
Nobuka Ishiura, Yoshihin Kuwano, Hitoshi Okochi,
Yoshimasa Taknhashi, Kunihiko Tamaki. Shinichi Sato,
Thomas F. Tedder and Manabu Pujimoto

J dremienol 2010; 184:4637-4645; Prepublished online 24
March 2010;
doi: 104044

zpwww i

ol 19
nunol ofg/conent/| 24637

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
—}-CDb22*, DNFE  —m— CD22*, control B day 2 day 7 day 10

o
&«

w
o

PBS
c022”" peritoneal B-1a cell

wild type peritoneal B-1a cell

5]
=

ear thickness (x1/100 mm)
N
o

non-treated wild-type

0246 8101214161820 0 2 4 6 8101214161820 0 2 4 6 8 1012141618

ear swelling (x1/100 mm)

Eczéma allergique de contact : les facteurs de risques

Ignorance?

Tolérance ‘

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

->les conditions d’exposition (dose, fréquence, durée, route)
-> le polymorphisme génétique (barriére cutanée, enzymes de
détoxification...), age, sexe

-> I’environnement (maladie sous-jacente, stress, pollution...)
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L’irritation favorise la rupture de tolérance
vis-a-vis des hapténes faibles

Prétraitement

Irritant (SLS) - . :
Véhicule DMF Sensibilisation Challenge lnﬂamman?n cutanée P [ eN
Injection d’ IL-1B i J0) J5) (Edeme oreille, histologie, PCR,FACS) i

30 min | 5 jours
| v —
ﬂ : Hapteénes faibles

J1-J10 : ?,)q
o —_— - i | DNTB
Réponse immunitaire T spécifique E

(Facs, PCR, stimulation in vitro, )

-
=

3 200

3

=2

E)

S 100 Sans prétraitement
=

O

=

o 0

0 2 4 6 8 10

Days after challenge

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

L’application d’un irritant SDS / un véhicule
différent (DMF) / I’injection d’une cytokine
proinflammatoire comme IL-1f avant la
sensibilisation induit une réponse
d’eczéma vis-a-vis d’un allergene
faible

L’inverse est vrai pour un hapténe
fort : bloquer la production d’IL-103
prévient la sensibilisation et
favarise la tolérance

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

Sensibilisation
(10)

5 jours J1-J10 !

' | 3

_ & T O | Lo
Hapténes faibles Réponse immunitaire T spécifique i

Challenge

Inflammation cutanée i N

as) (GEdéme oreille, histologic, PCR,FACS) | @,m.

(Facs, PCR, stimulation in vitro, )

Hapténes

v

vY

v Jisu

Keapl

,_> © Immunité

RIAAA innée

Protéines / \ Processus

transport oxydatif
v Enzymes

\/ détoxification

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

i Sensibilisation Challenge Inflammation cutanée : ™

H (J0) (5) ((Edéme oreille, histologie, PCR,FACS) i

5 jours J1-J10

! ,‘ —_— 3 i | DNTB

: Hapteénes faibles Réponse immunitaire T spécifique :

i (Facs, PCR, stimulation in vitro, ) i

Souris Nrf2-/- hapténes faibles
v Jisu
A/ v
= v
) Keapl .
) (N2 Immunité
2 Ay _® innée
g Souris normale v M
100 Vv L
g v y Protéines — ~ Pro - IL'1 B
% v v trarxort oxgdatif
8 YvVvy Enzymes
0 0 2 4 6 8 10 A détopfcation
Days after challenge
Excretion
Elimination

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

2-What skin DC subsets for T cell priming? @

Modified from Kaplan Nature Rev Immunol 2012

2 theories:

- Functional specialization
— = 1"‘ = —J = - Plasticity
o — @ -

e

qulnrl Langerhans call Karatinocyta

}d Langerhans cells

What contribution for Langerhans cells?
-> incongruent results

- Kaplan D. Immunity 2005
L]
L L]
L]

sl © @
dermal DC

Memory Mast cell

Teall

- Honda T. J Allergy Clin Immunol. 2010

- Kissenpfennig A. Immunity. 2005
- Bursch LS. J Exp Med. 2007

Ly 6C*

monocyte

Ly 6C* Collaboration Dubois B., Kaiserlian D.

monocyte-DC
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What role for Langerhans cells: @
Tolerance or Sensitization?

Weak hapten = DNTB
AOQOQ as vehicle DNFB
DNTB NO ALLERGY (TOLERANCE) Strong hapten = DNFB
o AOO as vehicle
Y % | ALLERGY
Weak hapten = DNTB
q‘ DMF as vehicle
ALLERGY

CHS response in animals
conditionally depleted in Langerhans cells

Langerhans cells = tolerogenic, immunostimulatory

. - Lo 200+ ns
Major, minor contribution CT—Inone —
E3DT
150
(=2
£ ik
£ 100
w
ReSBArCh Aticle B e m © x
. @ 50
Langerhans cells protect from allergic contact
dermatitis in mice by tolerizing CD8* T cells
and activating Foxp3* regulatory T cells 0 T [ T T
T G e o el DNTB DNTB  DNFB
Dubois B., unpublished data AOO DMF AOO
Immunosuppressive mechanisms of E

tolerogenic dendritic cells?

Tolerance through Education:
How Tolerogenic Dendritic Cells
Shape Immanity

10 X
% . (]
\ ® " )
\ ; h é‘:}k ‘({ Treg:

abuncy of o

FIGURE 2 | Immunosuppressive mechanisms of 1oker
b, sfistnce Con ievadioe dio W1 AN

stimutation
10 @ @"\,% - .to o
L =]
i g TGFR h b
o T %1 5 POL-1 eo-stimulatary u
HE: BN eald gl | ¢
L — _—s
18z e (ST o MHC 8 q‘ g
[ e 52 w1 moleculos § B
G B -'
Teells T cells
&
v, tolerogenic BCs _z;h, 0\, ‘/+
& 7 anargy,
¥ Treg induction
IL-2 receptor r ' s
i it THAIL Reduction of 0€ mmenogesicty (HO-1)
- —
- Reduction of T ell proliferation (100}
Reduction of T
deprivation of -2 cofl praliferation 0
T cell apoptasia

Dgenic dendriiic cels (DCs). Immuncsuppressive mechanisms of iolerogenic DS include secretion of
Tor g i dins i Il otion i e lakdinins o8 afiosine T asll b st
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How to induce tolerogenic phenotype/functions ? @

Tolerance through Education
How Tolerogenic
Shapo Immanity

@ DC precursors

___ mbc
2 CDE0/E3/86 4
E TR H +
g flecar + 4 -+
g ur-3 piur-3. Thur-s Thur-s Theou 1 ur-3 s t
5 eou Nro1 tpurs o s+ t lieo-L1
z firRa 1
f bi-10 1] 10 1) biL-10 1 A0 Thaaostarp 1
oo fico - Do + DD foe 4
6 w1z i1z s i1z 4 bive w1z 4 w1y Hasewnz 4
- 15, 56,6062 65, 115, %61 15, 59, 62 64 95,60, 70,72 15, 5568, &l A 65 ]
£ Jnmre

FIGURE 3 | Human folerogenic dendritic celis [DCs) ar induced by virous immuncsuppressive drugs and mediators. Immuno-activating and -inhibitory surtace
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