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Cellules présentatrices d'antigenes et allergie :
phénotype, propriétés, fonctions

v" Antigen Presentating Cell = APC en Anglais

v' Présentation de I’antigéne aux Lymphocytes T



La Cellule Dendritique est un lien essentiel entre Immunité Innée et Immunité Adaptative

Dendritic cells form the bridge between
innate and adaptive immune responses
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Figure 1.5 Janeway’s Inmunobiology, 8ed. (© Garland Science 2012)



Cellules présentatrices d'antigenes et allergie :
phénotype, propriétés, fonctions

POPULATION HETEROGENE

v" Fonction commune: Présenter les peptides étrangers ( Antigénes ou allergénes)

v" Avec le complexe majeur d’histocompatibilité (CMH-I et CMH-II)

v' Aux lymphocytes T

v" Reconnaissance d’un antigéne étranger ( Glycoprotéines, Lipides,..) = Detection du
“danger”

v" Phagocytose

v" Maintien du signal d’alarme de la réponse immune primaire
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Professional APCs

B ls

DCs and macrophages
Key features Key features
* Phagocytic * Internalize antigens via

* Express receptors for apoptotic
cells, DAMPs and PAMPs

* Localize to tissues

* Localize to T cell zone of lymph
nodes following activation (DCs)

* Constitutively express high levels
of MHC class Il molecules and
antigen processing machinery

* Express co-stimulatory molecules
following activation

BCRs

* Constitutively express
MHC class Il molecules
and antigen processing
machinery

* Express co-stimulatory
molecules following
activation

Kambayashi et al, 2014 Nature review immunology


https://www-nature-com.proxy.insermbiblio.inist.fr/articles/nri3754
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Caractéristiques des cellules dendritiques conventionnelles (cDCs)

v’ Identifiée par R. Steinman

v" Morphologie spécifique avec la présence de dendrites
v’ Expression du CMH classe II

v’ Capacité a activer les lymphocytes T naifs

Nobel Prize in Physiology or
Medicine 2011

o Présentes dans les tissus a I'état basal = cellules sentinelles
o Population hétérogene




Cellules dendritiques cutanées

cellules de
Langerhans

Cellules
dendritiques



Cellules présentatrices d'antigenes et allergie :

phénotype, propriétes, fonctions
steady-state inflamed

Langerhans Cells

_‘, CD207/Langerin’ ,

CcD1a’

HLA-DR"

Resident Dermal DCs
CD1¢c/BDCA-1"
cD11c’
. : HLA-DR" ,

Inflammatory DCs
CD1c/BDCA-1"
CD11c”
HLA-DR"
TNF*

iNOS”*
IL12/23p40*

Plasmacytoid DCs

CD303/BDCA-2*
CcD123"

CcD11c
HLA-DR"
IFNo/B*

Macrophages
CD163"
FXINAT

Cellules de Lan erhans(

Granules de Birbec .
Klechevsky et al, Immunity, 2008

Haniffa et al. J Exp Med, 2009
Zaba et al, J Invest Dermatol. 2009



Différentes sous-populations de cellules dendritiques
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Origine(s) des différentes sous-populations de cellules dendritiques

© ©

HSC Embryonic
¥ precursor

FLT3L 718 8 M-CSF
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S. C. Eisenbarth, 2019 Nat Review Immunol



https://www-ncbi-nlm-nih-gov.proxy.insermbiblio.inist.fr/pubmed/?term=Eisenbarth%20SC%5BAuthor%5D&cauthor=true&cauthor_uid=30464294

Cellules dendritiques : fonctions

Dendritic cells form the bridge between
innate and adaptive immune responses

Innate immunity (I_'B

phil

Granulocytes
(or polymorphonuclear leukocytes)

neutrophil eosino- basophil monocyte dendritic cell

Adaptive immunity
’Q.
]
[ [ B
B cell T cell

Figure 1.5 Janeway’s Inmunobiology, 8ed. (© Garland Science 2012)

Immature dendritic cell = Mature dendritic cell




Cellules dendritiques : maturation

DC IMMATURE DC MATURE
Signal de “danger “ Lymphocytes T
Bactérles (LPS,CpG) CD40L
Virus

Complexes Immuns
Cytokines Inflammatolres

Falble costimulation des LT FORTE costimulation des lymphocytes T
CMH de classe Il Intracellulalre CMH de classe Il en surface



Cellules dendritiques : maturation

Cellules de Langerhans immatures Cellules de Langerhans matures

LANGERINE

HLA-DR




Différentes sous-population de cellules dendritiques
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Cellules dendritiques plasmacytoides

v Identifiée en 1999 comme des cellules sécrétrices d’IFN de type 1 (IFNa/3)

v" Morphologie de cellules plasmacytoides
v’ Faible niveau d’expression du CMH Il
v Sécrete du TNFa et IL-12
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pDC autoimmunity
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La Cellule Dendritique est un lien essentiel entre Immunité Innée et Immunité Adaptative

Dendritic cells form the bridge between
innate and adaptive immune responses
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Immature dendritic cell = Mature dendritic cell



Cellules présentatrices d'antigenes et allergie :
phénotype, propriétes, fonctions

Myeloid DCs

Human
CD11c™
CD11b*
CDic*

CD1a (blood)
CD1a’ (tissue,
lymph node)

* MHC class |-restricted antigens * MHC class ll-restricted antigens
* Cross-presentation * CD4" T cell responses
* CD8* T cell responses

* Type linterferons
* Durable memory responses

* Bacterial antigens
* Secondary immune
responses

Nature Reviews | Immunology



cDC1

HLA-DR*
CD11c"™"
BTLAinl."low
CD1c"'™

SIRPa/CD72a"

CD141**
CADM1*
Clec9a*
XCR1*
CD26"
CXCR3*
CD103"

Cellules dendritiques - Sous populations

cDC2

HLA-DR*
CD11c”*
BTLAIOW
CD1c*
SIRPa/CD72a*
CD11b™
CD141

CD1a*
Clecd4a/DCIR*

CD103" (intestine)

pDC

HLA-DR*
CD14"

CD303/Clec4c?

CD304/NRP1*

TABLE 1 Phenotype maker of human

moDC

dendritic cell (DC) subpopulations

HLA-DR*

CD14*

CD11c*

CD206"

CDé64*
SIRPa/CD72a"
CD1a*
DC-SIGN/CD209"

Bosnjak et al, 2021

41,42

Immunological review



Table 1 | Major subsets of DCs in humans and mice*

DC subset

Plasmacytoid DC

CD11b’ESAM"

cDC

CD11b*ESAM™~

cDC?

CD8a" cDC

CD103*cDC

CD11b*cDC

Interstitial cDC

Langerhans cell

Monocyte-derived

Phenotype
Mice

G 1k

MHC class II'™,
B220,BST2 and
SIGLEC-H

CD11c", MHC
class |1, CD11b,
CX,CR1~and
ESAM™

CD11c", MHC
classI,CD11b,
CX,CR1"and
ESAM=*

CD11c", MHC
class |1, XCR1,
CLEC9A and
CD8a

CD11c",MHC
class 11, CD103,
XCR1 and
CLEC9A

CD11c™,

MHC class II",
CD1035CD11b
and CD24

CD11c",MHC
class II",CX,CR1
and CD11b

ED11c™
MHC class 11,
Langerin and
CD205

CD11c", MHC
class |I*,CD11b,
CX,CR1and
CD209

Humans

CD11c,

MHC class II™,
CD123,BDCA2
and BDCA4

CD11c™
MHC class II",
CD11band
BDCA1

CD11c", MHC
class II", CD11b,
CD16and CD14

CD11c™,

MHC class II",
XCR1, CLEC9A
and BDCA3

€ED11ic™

MHC class II",
XCR1,CLEC9A
and BDCA3

CD11c", MHC
class II", CD11b,
SIRPa® and
BDCA1!

CD11c™, MHC
class II",CD11b,
CD16and CD14

EDiic”

MHC class II",
CD1a, Langerin
and CD205

CD11c",
MHC class lI"and
CD11b

Specific
transcription
factors

TCF4 (also

known as E2-2)

Notch 2

ND

BATF3

BATF3

IRF4 and

Notch 2¢

ND

ND

ND

Specific mediators

produced upon
activation

Type 1 IFN

ND

TNFand IL-12

IL-12

ND

IL-6 and IL-23

TNFand IL-12

ND

TNF and iNOS

Specific antigen-
presentation
capacities

Present and
cross-present
peptides only after
activation

Present peptides
on MHC class |l
molecules to CD4*
Tcells

ND

Cross-present
peptides on MHC
class | molecules to
CD8* Tcells

Cross-present
peptides on MHC
class | molecules to
CD8* Tcells

Present peptides
on MHCclass |l
molecules to CD4*
Tcells

ND

ND

Present peptides
on MHCclass Il
molecules to CD4*
Tcells

Location

Lymphoid
organs

Lymphoid
organs

Lymphoid
organs

Lymphoid
organs

Peripheral
tissues

Lungs and
gut

Peripheral
tissues

Epidermis

Inflamed
lymph
nodes and
tissues

Tissue
condition

Steady
state

Steady
state

Steady
state

Steady
state

Steady
state

Steady
state

Steady
state

Steady
state

Inflamed

BATF3, basic leucine zipper transcription factor ATF-like 3; BDCA, blood dendritic cell antigen; BST2, bone marrow stromal antigen 2; cDC, classical dendritic cell;
CLECO9A, C-type lectin domain family 9 member A; CX,CR1, CX,C-chemokine receptor 1; ESAM, endothelial cell-selective adhesion molecule; IFN, interferon; IL-12,
interleukin-12; iNOS, inducible nitric oxide synthase; IRF4, interferon-regulatory factor 4; ND, not described; SIGLEC, salic acid-binding immunoglobulin-like lectin;
SIRPa, signal-regulatory protein-a; TCF4, transcription factor 4; TNF, tumour necrosis factor; XCR1, XC-chemokine receptor 1. *The table (which is by no means
all-inclusive) shows the main cell surface markers, subset-specific transcription factors and predominant functional features of the putative orthologous human and
mouse dendritic cell subsets™ 75117 ¥t is unclear whether the human and mouse subsets of these DCs are orthologous. *Expression has been reported in the gut.
Expression has been reported in the lungs. *The expression of Notch 2 is ubiquitous; however, its function is only required in this DC subset in the gut and not in the lungs.



Déterminants antigéniques reconnus par les récepteurs de
I’immunité innée (PRR)

= PRRs

» Faibles diversités
» Récepteurs reconnaissent des structures moléculaires trés conservées
présents sur les grands groupes de pathogenes (PAMPs)

» PAMPS présentent 3 caractéristiques communes

»Sont produits uniquement par les micro-organismes
»Sont invariants entre les microorganismes d’'une méme classe
»Sont essentiels pour la survie des micro-organismes

!

SIGNAL DANGER




Découverte des TLR chez les insectes

Récepteur Toll de la drosophile

bacterial

peptidoglycan g-¢ pathogen
[GNMJ (pggp.w recognition
receptors

k ‘ protease
‘) cascade
&

Spatzle )
w D = "

cleavage

Jules Hoffman




Récepteurs de 'immunité innée (PRR) et cellules dendritiques

Toll Like Receptor RIG-I Like Receptor NOD Like Recepfor
TLRs RLRs NLRs
D @ D N E
redox
TLRs 1.2,4-6.10
RlG-I MDAS omecsmsas NOD1, NOD2 AIM2

Theofllopoulos, A. N. et al. Nat. Rev. Rheumatol. 6, 146-156 (2010);



Exemples : les TLRs (1)

ARN double brin Bactéries
uropathogenes

Flagelline ADN a motifs CpG
Peptidoglycan (Gram +) (bactéries) (bactéries, virus)
Lipoprotéine
Lipoarabinomannane LPS (Gram -) ARN simple brin riche
(Mycobacteria) Protéine de fusion en G/U (virus)
LPS (Leptospira) du VRS Imidazoquinolines

Zymozan (levures) HSP 60

| |

é




Exemples : les TLRs (1)

TIR1
TLR2
TIR 3
TLR 4
TIR7
TIRS LR8
TLR 6 Lt

|

|
Localisation membranaire: Localisation intracellulaire

! (compartiments endosomiaux)
|

Localisation membranaire Localisation intracellulaire



Récepteurs de 'immunité innée (PRR) et cellules dendritiques

K% SN WOdE

Parasites mycoplasmes Bacteries G+ Bacteries G- Bacteries Virus a ADN Vlws a ARN
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Cellules présentatrices d'antigenes et allergie : phénotype,
propriétés, fonctions

PRR= Pathogen Recognition Recepteur

1. Innate immune
activation by mimicking

MD2 molecule.
Induction of Th2 o Multimeric ligands of

. Enhance: t of
polarization in A GORmRceaWA l?s FceR! are deliverad
induced TLR4 activation 3
autologous DC-T cell into MHCI
R in a MD2 dependent 1
co-cultures involved compartment ina
down-regulation of B e Cathepsin §-
Wi u 1
8 3. Promotes TLR4 i

IDO. d dent pathway.
dimerization PSSR PRSI R

Induction of Thl
polarization in
autologous DC-T cell
co-cultures with no
mechanism proposed.

TLRS-dependent
allergic responses with
no mechanism
proposed.

independently of MD2.

FIGURE 1 | Receptors involved in allergen recognition and uptake by DCs.  MD2 dependent or independent way (23, 35-37). FceR facilitate allergen

MR can recegniza allergens from diverse sourcas leading to Th2 polarization uptake through the racognition of the IgE-allergen complex (41, 46). DC-SIGN
and IDO down-regulation in DCs involving a possible cross-talk withTLR4 (19).  can recognize diverse allergens as well, howeaver, leading to 2aTh1 polarization.
TLR4 itself can be activated by airborne allergans and diverse metals in an Finally, TLRS can be activatad by HDM extracts containing flagellin (34).




Cellules présentatrices d'antigenes et allergie : phénotype,
propri¢tes, fonctions

e |
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Endogenous pathway
(class I MHC)
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Présentation croisée ou « cross-priming »

ﬂbﬂv,

ﬁ—ﬁ?—»ﬁ?

NHC II-5 MHC 1-CUP MHC §I- Dﬂphda

’ Endoplasrm

Mature Reviews | Immunology



Récepteurs de 'immunité innée (PRR) et cellules dendritiques
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La Cellule Dendritique est un lien essentiel entre Immunité Innée et Immunité Adaptative

Dendritic cells form the bridge between
innate and adaptive immune responses
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PRESENTATION ANTIGENIQUE

Antigen:receptor binding and co-stimulation Antigen:receptor binding and
of T cell by dendritic cell activation of B cell by T cell

dendritic cell T lymphocyte T lymphocyte B lymphocyte
N N
Proliferation and differentiation Proliferation and differentiation
to effector function to effector function

Figure 1-21 Immunobiology, 6/e. (© Garland Science 2005)
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Figure 9.19 Janeway’s Inmunobiology, 8ed. (© Garland Science 2012)



Diversité des cellules dendritiques

Th1
The Defense against
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Signal 3 delivered by antigen-presenting cell

TGF-B IL-12

TGF-8 IL-6 T IFNoy IL-4
N < = < = N < =
N N N N N

FoxP3 Bcl6 RORyT T-bet GATA3

.

TGF-3, IL-10 IL-21, ICOS IL-6, IL-17 IL-2, IFN-y IL-4, IL-5

T,.q cells Tey cells Ty17 cells Ty1 cells Ty2 cells

Figure 9.29 Janeway’s Inmunobiology, 8ed. (© Garland Science 2012)



CDA T cells: peptide + MHC class Il

Tyl cells Ty2 cells Ty17 cells Tey cells T,eg cells
inhibit
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IL-13
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cell
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e i cell neutrophils isotype switching,” lack of

bacteria

affinity maturation

T-cell activation

Figure 9.28 Janeway’s Inmunobiology, 8ed. (© Garland Science 2012)




PRR

MHC
PRR
Immature DC
Intracellular
pathogens
(e.g. fungi, viruses Extracellular
and mycobacteria) pathogens Fungi Pathogens
R ) P | es X P

IL-12p70

T,1cell

IFNY. IL-2
GM-CSF
and TNF

LIL-12p70,
OX40L, CCL17
and CCL22

T2 cell

IL-4,
IL-5 and
IL-13

IL-1B and IL-6 (humans),
TGFB (mice), and IL-23

.

* RORyt
* STAT3

T,17 cell

IL-17A.,
IL-17F
and IL-22

* Neutrophil activation

* Macrophage
activation

* NK cell activation

* Cytotoxic CD8' T cell

activation

* Eosinophil activation
* Basophil activation
¢ IgE* plasma B cells

Neutrophil mobilization

IL-6
and IL-27

T, cell

IL-21 and
CXCRS

* GC formation
* 1gG* memory B cells

Nature Reviews | Immunology



