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Propriété essentielle du sytéeme immuniatire

. Assure la discrimination du soi / non-soi

* Inné (Eléments étrangers ou cellules anormales)

. Adaptatif (Ag soi et non soi)

. Tolérance naturelle

— Latolérance naturelle au soi a été acquise aprés des centaines de millions d’années d’évolution qui
ont sélectionné des récepteurs permettant de différencier les produits microbiens ou les cellules
infectées des produits du soi ...

— Mise en place de mécanismes régulateurs

+ Tolérance induite
— Induction d’'une non-réactivité immunitaire (soi / non-soi)
— Infections chroniques
— Immunothérapies actives (MAI)

« Conséquences:
— Tolérance au soi
— Reéponse immunitaire et élimination des pathogénes
— Rejet des greffes allogéniques
— En cas de rupture de la tolérance : Maladies Auto Immunes



Tolérance: Premiers témoignages
Uﬁmc Ehrlich
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 Tolérance vis-a-vis d'antigénes du soi:
— Debut XXeme siécle: Ehrlich and Morgenroth (1901)

Absence de réponse immunitaire de la chévre vis a vis de ses propres hématies; par contre
production d’Ac hémolytiques contre des hématies d’un animal tiers

* Les périodes foetale et néonatale sont rapidement apparues
comme des stades privilégiés d'acquisition d'une tolérance par

exposition a des antigenes étrangers:

— 1938- Traub induit un état de tolérance en injectant le virus LCMV in utero : Nouveau-nés
deviennent porteurs chroniques sains

— 1949- Macfarlane Burnett: Nature de la réponse induite lors du premier contact antigénique
(réponse versus tolérance) dépend de I'age de I'individu.

— 1953: Medawar induction d’'une tolérance néonatale par injection de cellules allogéniques chez le
nouveau-ne :
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o Greffes:

 Infections:

- "l
Foreign (or self) ‘ 5 / aon
antigen s
I ¥ e
€ i .
- Anfigen — C s
——— Infected cells [diplays o
Call i Antigen-specific foreign T cell epitope
— T 7 cell receplor ‘on it surlace] or salf Cedl death
@_-— . S L. boss of self
f a s Y tolerance]

o
S "




UPMC Conséquences physiologiques:

A8A1 PARISUNIVERSITAS Rupture de Tolérance / Rejet du soi
B. Bellier

« Maladies auto-immunes:

— Ex: les thyroidites auto-immunes, la polyarthrite rhumatoide, la
spondylarthrite ankylosante, le diabéte type 1, la maladie de Crohn, etc...
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VBRI PARISUNIVERSITAS est assurée par différents mécanismes
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Mécanismes
actifs

Mécanismes

passifs o s - : : :
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Tolérance centrale



UPmC Tolérance centrale:
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B. Bellier Sélection lymphocytaire dans les
organes lymphoides primaires
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« Ontogénie T et B:
Récepteur TCR et BCR sont générés par recombinaison génétique des locus
>> Diversité combinatoire
>> Diversité jonctionnelle
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First receptar-chain
gene recombination
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* Double sélection:

— Sélection positive des clones T dont le TCR peut interagir avec les molécules de
CMH
>> apporte un signal de survie
— Sélection negative des clones T reconnaissant les Ag du soi
>> délétion par apoptose

Pre-selection
repertore

Sell-MHC-rastricted,
solf-tolarant

T-cell repertoire

]| Export to
ﬁ "'\"_
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Absence Signal
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Pendant la sélection positive,
les interactions lors de la sélection positive
détermine la différenciation CD4/CD8

Protein Expression levels
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©
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Nature Reviews | Immunoclogy

T-cell receptor (TCR)-signal-induced and
TCR-independent (dotted arrows)
developmental stages are shown, based on a
hypothetical model of thymocyte
development. In the absence of TCR
signalling, double-positive (DP) thymocytes
die by neglect prior to lineage differentiation.
Initial TCR signalling in DP cells causes the
termination of recombinase-activating gene 1
(RAG1) and RAG2 gene expression151
(thereby fixing TCR- specificity), the
upregulation of CD5 and CD69
expression152, and the downregulation of
CD8 gene expression31, 32. The kinetic
signalling hypothesis proposes that such
initial TCR signalling makes thymocytes
competent for lineage choice. Persistent TCR
signalling, despite downregulation of CD8
expression, causes CD4-lineage
differentiation, through the upregulation of
GATAS3 expression. Downregulation of TCR
signalling before or during CD8
downregulation causes CD8-lineage
differentiation31, 80. A terminal TCR
signalling step 'proofreads’ CD8-lineage
differentiation80, 127 and contributes to the
terminal differentiation of CD8-lineage
thymocytes, notably by allowing interleukin-
7 signalling153. This model predicts that
MHC class-lI-restricted CD8 single-positive
(SP) populations develop when TCR and CD4
signalling, and thereby thymocyte survival,
is maintained by enforcing CD4 expression
after CD8-lineage differentiation. Indeed,
such populations are detected when CD4
expression is maintained in CD8-lineage
cells using either CD4 transgenes24, 27 or
germline deletion of the CD4 silencer154. Hd,
helper cell deficient.
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Sélection négative
Signal de mort cellulaire

B. Bellier
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Nature Reviews | Immunology B -
. Although the signalling pathway that mediates negative selection is not fully understood, many of the -
£

important signalling molecules have been identified and studied. Future work should identify the other
signalling components and establish the pathway, which begins with engagement of the T-cell receptor
(TCR) with a high-affinity peptide—MHC ligand and ends with the irreversible death of the self-reactive
thymocyte. APC, antigen-presenting cell; BIM, BCL-2-interacting mediator of cell death; ERK,
extracellular-signal-regulated kinase; GRB2, growth-factor receptor-bound protein 2; IBNS, inhibitor
of NF-B; JNK, JUN N-terminal kinase; LAT, linker for activation of T cells; NF-B, nuclear factor-B; NOR1,
neuron-derived orphan receptor 1; NUR77, nuclear receptor 77.
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 « Editing » du TCR en cas de
reconnaissance des complexes:

Mgty 8') thymaocytes
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Absence de « compartimentalisation »

MODELE 1

MODELE 2

de la selection

TCR Editing

Nature Roviews | Immunclogy

Epithelial cells in the thymic cortex are the antigen-presenting cells (APCs) that mediate positive selection, whereas the medulla contains
epithelial and dendritic cells (DCs) that are efficient APCs for negative selection. For these reasons, positive selection occurs in the cortex,

whereas deletion of self-reactive thymocytes occurs predominantly in the medulla (left panel). An alternative view is that some negative
selection occurs in the cortex, such that negative selection is not strictly compartmentalized in the thymus. For a full description of thymic

anatomy and development see Ref. 1. CEC, cortical epithelial cell; MEC, medullary epithelial cell.
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Mécanismes de sélection thymique
Rappels

TCR-antageniste-MHC
TCR-ageniste-MHC

Sélection positive

Altération de la
phosphorylation
de CD3( et de ZAP70

v

Sélection négative

La méme interaction pour une
cellule mature conduit a |'absence
de réactivité

Mécanismes de sélection thymique (2)

Théorie quantitative :

l
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™~

Forte

Faible

Sélection positive
Sélection négative
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Modele alternatif de la sélection:
« une question d’affinite...

Thymocyte
N\OQOO
00
Q0O
Q0 \
©00 \
Q@©@“z
@@@@@

Cell number

Periphery

GIGIGIGIG
f“/" ﬁ@:

”"”“@@ﬁ
GIGIGIGIG.

F‘erii:heral. T cell

& positively selected

thymaocytes

Apparent
affinity threshold

Apparent affinity

. | J Death by neglect

| :I Positive selecton

|:| Megative selecton

Mature Reviews | Immunolagy



UPmC Modele intégré

MR A1 PARISUNIVERSITAS
B. Bellier

lmmtlhlreT cell



UPMC Présentation inrathymique des Ag du soi

AAAl PARIS
B. Bellier

« Antigénes
d’histocompatibilité:

— Epitopes dérivés des
molécules du CMH

« Antigénes ubiquitaires
— Protéines cellulaires

« Antigénes solubles
— Accessibilité au thymus

Thymus gland

J

Dendritiqu

Ag soluble

« Antigenes tissulaires
— Accés limité au tissus
— Apportés par les DC (+/-)

Clonal deletion of thymocytes by

circulating dendritic cells homing to the
thymus. Bonasio R, Nat Immunol. 2006
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T Cell Tolerance to a Neo-Self Antigen
Expressed by Thymic Epithelial Cells: The
Soluble Form Is More Effective Than the
Membrane-Bound Form

Zhang M, et al, ] Immunol 2003

3A9 anti-HEL : TCR transgenic
s-HEL dbl: soluble HEL x 3A9
m-HEL: membrane-bound HEL x 3A9

Ag soluble versus membranaire

s5-HEL dbl m-HEL dbl
« >
A a6 18 ERTT
_ 0,6} (0.4} 2A) (34
o . " __-1;'.:::
« >
B a0 45 6.0 S0

3A9

137 589
[2.2)

RZ | R3

R1

CDa

(4.00 i5m

AR D
=38 583883

ImmHisto

£ aas
O mMEL -

B OgHELAM |

B mEELdN
=




Uemc AIRE:

A8&1 PARISUNIVERSITAS expression intrathymique des Ag spécifiques des tissus
B. Bellier
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a | .f'- TSAS | Muchkear
o .-__n-;f"'_"'-.'.-ﬁ/\ membraneg *Chez I'homme : Thymus, ganglions lymphatiques, rate, foie feetal
L R PBL, CD différenciées
"N-:\-IE'* | T.‘.\.ﬂ"\&'._ . . : C e L
S— * Thymique : une sous-population de cellules épithéliales médullaires
mTEC /
Peptide-MHGC complex *(Chez la souris : + moelle osseuse, tractus urinaire et génital, tractus respiratoire et
-l (high affinity for TCR) digestif, cerveau, glandes endocrines
I A
[ ]
b TCR
T '3‘ E
— | E p EUNCTION
'*-'r’3. 11000 | H3LY * Les signatures structurales suggérent un réle de facteur de transcription de AIRE
Thymocyte (Ug) . . o . o
\ * Elément d'un complexe multiprotéique dont les partenaires restent & identifier
— La CBP (CREB-binding protein), colocalisée avec AIRE, fonctionne comme
un coactivateur de plusieurs protéines: protéines STAT,
Jun, Fos, NFKB...
Euqa - AIRE (hommeé&souris) sont de fort
e RNA pol I activateur transcriptionnel
Bl
e —
A “) Cortex | Medulla LTBR 1:7 'linL:l\JO[;;ﬂ
R
. | THAFS
Thyrmocyte | s
Apoptoss | R

Pil&}rejhdt(ﬂ D80 .
Other unknown | and CD86

=

Autoimmune regulator (AIRE), a RING (really interesting new

gene)-type E3 ligase, is implicated in expression of tissue-
specific antigens (TSAs) by medullary thymic epithelial cells
(mTECs), which present antigens (including TSAs) to

o \ oy .

. Sy
. . v-affinity
developing thymocytes to induce central tolerance to those .;f;{,.:w;fm,.ﬁrli/ ¢

antigens. In developing thymocytes, signalling through the T- T()

cell receptor (TCR) causes negative selection by inducing A\

thymocyte apoptosis through expression of NUR77 and BIM (B- FJ 9w

cell-lymphoma-2-interacting mediator of cell death). The E3 o © 2005 Nt Pt oo
ligase CBL (Casitas B-lineage lymphoma) can function as an E3 e Reviewes | Imuony
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UPmC Spécificite tissulaire des genes exprimés
1881 PARISUNIVERSITAS dans les mTECs

Heart — _TEEEE'”Q
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Nature Reviews | Immunology

Genes identified as overexpressed in mouse mTECs compared with cortical TECs using gene chip analysis were assigned to
tissues according to their predominant expression (where applicable) using combined information from the public databases
GNF Gene Expression Atlas and Swissprot (see online links box) and the literature. About one quarter of all mMTEC-
overexpressed genes could be categorized as tissue-restricted according to this approach and are shown. Note the diversity of

tissues that meet these criteria. The fraction of tissue-restricted genes is probably underestimated given their low expression
levels in mTECs and the limited sensitivity of the gene array method.
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Projection of an Immunological Self
Shadow Within the Thymus by the Aire
Protein

Mark S. Anderson, Science 2002

Aire-deficient mice develop
autoimmunity.

(A) Tissue sections from aire-deficient
mice from salivary gland, ovary and
retina (knockout; top row) and wild-type
(bottom row) mice

(B) Table summarizes presence (+) or
absence (-) of lymphocytic infiltrates
observed in knockout mice of various
ages and both sexes for the indicated
organs.

(C) Salivary gland infiltrates and retinal
degeneration develop in a time-
dependent manner.

(D) Aire-deficient mice have
autoantibodies to multiple organs.

(E) Summary of autoantibodies in aire-
deficient mice. Serum from age- and
sex-matched mice (9 to 35 weeks old)
was collected and tested for the presence
of autoantibodies to the indicated
organs.

(F) Summary of correlation of
autoantibodies to immune infiltrates for
ovary, salivary gland, retina, and stomach
in seven knockout mice.
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Induction of antigen-specific tolerance by intrathymic injection
of lentiviral vectors

Gilles Marodon, Sylvain Fisson, Béatrice Levacher, Monique Fabre, Benoit L. Salomon, and David Klatzmann
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B Belior périphérie: un danger potentiel

Mécanismes de tolére
centrale

"L'armée" de moyens de
contrdles périphériques
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Il existe donc dans le sang des sujets sains des lymphocytes T dont le TCR reconnait des peptides d’une protéine de la myéline



Upmc ...mais absence de réponse des
V881 PARISUNIVERSITAS clones auto-réactives
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Etapes limitantes au déclenchement des réponses:

Percevoir le signal

Proliférer et se différencier

mwnzZ207Tma

Atteindre le tissu cible
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Tolérance périphérique



UPmC Les mécanismes périphériques de controle

1881 PARISUNIVERSITAS des LyT auto-réactifs
Percevoir le signal - Absence d’activation des LyT:

— Ignorance /anergie
— Influence des DC
« Déletion clonale en exces d'Ag

Proliféerer et se différencier

« Controle des réponses inflammatoires
(r6le des cytokines)

» Populations suppressives
— LyT régulateurs

Atteindre le cible

« Acceés limité aux tissus

REPONSE
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Transgenic mouse Transgenic mouse
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N
v
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A = / HC-associated
Virus-specific T cells viral antigen
encounter viral antigen | ¢ :
on islet B cells or in e & ] Pancreatic islet
draining lymph nodes 4 -
' O / Viral
- antigen specific
T lymphocytes
No T cell
response in vivo Ig norance

Stimulation of
recovered virus-specific
T cells with viral
antigen ex vivo

T cells do not
respond to antigen

stimulation: anergy Anergle

L) Elsevier. Abbas et al: Cellular and Molecular Immunology Ge - wwaw.studentconsult.com
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50000 C57BLE T calls B7-Blocking Agents, Alone or in Combination with
Cyclosporin A, Induce Antigen-Specific Anergy of Human
Memory T Cells’

Pre-treatment
—©— untreated
Zhang Yi-qun,* Katrien Lorré,* Mark de Boer,* and Jan L. Ceupflen'iz‘

—@— anti-CD3

T Jrwa- sl e b el

Exp.d
L ERTREE ]

IL-=

IL-24b4 smazzuln B

2 days primary 3 days post- ]
1° culture o culture restimulation ERRTEECTR R L e
conditions ‘8__: avmidineg insaroaralicr
3 Saugllicns Surr
medium firil =
[ B temain
B Ty
3 W 0T edimnst
o 3 Bxp.2
Y
100 0 1000 Suglolazizr weh
FSC-H FSC-H W siubenznkn

1-2

IL-=z-1terculy

. 203aCA7021670C
Tavmldine  Inzoryarallar

FIGLIEF 6. 11-3 rrvrnaes
Uil A LA 4
Boua U b i 127
Ay gl Zea 20

Il I|-'|1|"'=|"|!'-‘:

. el g beith =2 00000y b s e L il li
Anergized cells enter cell cycle, al g ol Moo il IS camemnmalinn wch -
but arrest in G, phase upon restimulation. vl anulwint i M 3:lags e kit e e
detern el e sl d v rrarrd e spenrene ane peee

pamer e mibriseln e Fas G
AT R I Pt Y LA

Induction of T cell anergy in the absence of CTLA-4/B7 interaction.
J Immunol. 2000 Mar 15;164(6):2987-93.
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Transgenic mouse Transgenic mouse
TCRspodicior  ghycoprolen in o, Mice Infectious MHC Diabetes
|
a viral I;‘lalgi.;“n‘::a::[:-rlmein ggncr%atic islet B cells Agent Levels ?
Antiviral el C57BL/6 None Low -
g PG o C57BL/6 LCMV High -
- C— C57BL/6 vacc-gp Low -
4 e RIP-gp None Low -
TS0 e I1P-gp LCMV High +
Interbreeding of / - f&u’Q%‘f&ﬁﬁ“%aé'lﬁ‘E RIP-gp vacc-gp Low -
transgenic mice o ne -y and viral antigen as TCR None Low -
e 1 :
—— 1 ERES RIP-gp/TCR None Low -
RIP-gp/TCR LCMV High +
T - P tic islet - . i
.}/B?;E‘ﬁ;ei‘x'&ﬁs%mg RIP-gp/TCR vacc-gp High .
wg&ﬁﬁzﬁa‘e‘j 2 Class | MHC expression on B-islet cells.

encounter viral antigen
on islet 3 cells or in =) )
draining lymph nodes N Q

Virus-specific T cells P( %
(&

T Pancreatic islet

Viral
antigen specific
T lymphocytes

T-cell activation
Destruction of beta-cells

!

Diabetes

© Elsevier. Abbas et al: Cellular and Molecular Immunology 6e - wwwi.studentconsult.com
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En conditions naturelles, non-
pathologiques, la majorité de
cellules dendritiques sont
tolérogénes

= Ignorance

Contrg‘)le

b

Facteurs tolérogéenes dans les tissus:
DC immatures

Immature DC

Infection
Signal de « danger »
TLR

Semi-mature DC Fully mature DC

Tissue resident Steady state Infectious state
migratory migratory
Gut flora
FHA
Intranasal route
Apoptotic cells LPS ar.'d. GEHDL
THNE-ct or 5.c.npechon -
/ g . hq‘“'ﬂ :
: —
LPS and CD40L
ar 5.c. injection
MHC [)'ew MHGC §17h MHC || b
B reniow BT high B hah
IL-12~, IL-107 IL-12-, IL-10~"* IL-12*

IL-6~, TNF-c, IL-1p*

¥
Arergy ‘

IL-6-, TNF-c~, IL-1B* ~ IL-6*, TNF-ut*, IL-1p*

. :

CDa~ IL-10* Tr cells Immunity

THENDS in Mratumsogy
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Immature DC

Apoptotic
cells \

TNF-c. —*
Gut-—"

flora

Rupture de Tolérance au Soi lors d’infections

MHC 1™

B? nezloy

IL-127, IL-10

IL-6, TNF-a, IL-1p

I

_Anergy,
Treg

MHC I1"™*
B? high
IL-12, IL-10"

IL-6", TNF-o., IL-1f"

:> Treg

Semi-mature DC

C I)-IIII.,\

CpG—

P
LPS

O

Mature DC

MHC 11"
S B?- high
IL-12

IL-6'. TNF-o."_ IL-13'

::> Immunity

Théorie du danger

Activation due aux PAMPs (Pathogen Associated
Molecular Patterns), reconnues par les PRRs, Pattern
Recognition Receptors, présents a la surface des
cellules du syst imm inné.

- les lipopolysaccharides (LPS) des bactéries Gram-

- les acides lipotéichoiques, le peptidoglycane des bactéries
Gram+,

- des liposaccharides divers des mycobactéries
- les paroies riches en mannane des levures.

- ADN bactériens riche en CpG

- existence d’ARN double brins de certains virus.
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e DC immatures
- CMHIo CD80- CD86- IL-12lo

e DC tolérogénes:
- Réfracterent a l'activation
- IL-10+ IDO+
- induit apoptose des T activés

e Indoleamine 2,3-dioxygenase
(IDO)
- Exprimé par Mph, DC imm et DC
tolérogénes
- Dégradation du Tryptophane

dans les ganglions, rate, poumon,

ceeur,

- Régulation du taux sérique du
Trp

- Trp essentiel pour la prolifération
des lymphocytes T

DC immatures

& DC tolérogéenes

| Immature
IDO-competent DC

1
Maturation

¥

FuncTionaI plasticity

Pro-inflammatory signals

Tolerogemc signals such
such as CD40 llgand

as CTLA4-CDBO/CD86

Mature immunogenic DC Mature regulatory DC
(IDO7) (IDO*)

Nature Reviews | Immunology

Inhibition of Allogeneic T Cell Proliferation by
Indoleamine 2,3-Dioxygenase—expressing Dendritic
Cells Mediation of Suppression by Tryptophan
Metabolites

Peter Terness et al, J Exp Med. 2002
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Research article

Indoleamine 2,3-dioxygenase-expressing dendritic cells are . .

involved in the ge,,e’gf,o,, of cn;ﬁm_,,?,egu,m,” cells in Expression of IDO in Payer’s Patches DC Immature phenotype of DC
Peyer's patches in an orally tolerized, collagen-induced arthritis

mouse model

Min-Jung Park!®, So-Yeun Min'*, Kyung-Su Park’2, Yeung-Gyu Cho', Mi-La Che', Young- Figure 2 Figure 3

Ok Jung', Hyun-Sil Park’, Soog-Hee Chang!, Seck Goo Che?, Jun-Ki Min® 2, Sung-Hwan Park™ 2
and Ho-Youn Kim'2

IDO CD11c* DCs

(a)
MHC Il CD8o coas
Model: Arthritis induction . i
7] Tolerized 1
0w -
2 = il
Mean arthritis index —TY - - .
® - —&—tolerance - 5A£0.2% MF1 43.2+2.2 36.4+0.6
: A T\E Fow T
. /?" \S—:‘:\ Tolerized DO E
[ an o o |
A bﬁg\[ 3674105 CIA g
5 - - - J210,
; kx,-\{\;/'\ 5 : i
: - - CIA :
2 ‘- o — wa
! = Jmm = MFI. 85+3.3 336424  77.10.2
[ 1 )
19 21 25 2 M 35 39 42 45 45 52 56 50 63 67 TO T4 7T R 'n, ,,;',,,. o e
days after im munization
CIA
Inhibition of arthritis development in tolerized mice. Mice in the toler- e CD11C IDO —l

ance group were fed 100 ug type Il collagen (CII) six times for 2 weeks
before immunization. For collagen-induced arthiitis (CIA) induction, CH
emulsified with complete Freund's adjuvant was injected into the tail of
mice inthe tolerance group and in the CIA group as a primary immuni-
zation. Two weeks later, Cll emulsified with incomplete Freund's adju-
vant was injected into a hind leg as a booster injection. The mean

arthritis index was significantly lower in the tolerance group than in the A e
CIA group throughout the examination period. Values are presented as |D0'dependent SuppreSSIOH Of c" SpeCIfIC T ce"s
the mean + standard deviation of three independent experiments involv-

ing 20 tolerized mice and 20 CIA mice per group. *P < 0.05, *P <

0.005. Figure 4
(a)

Responder Effector Ratio
CO¥ 1 c (Tolerized) 101
CO1 e (Tolerized) + 1MT 101
CO1 ¢ (Tolerized) + CIl 101
CMAc (Tolerized) + CII + 14T | 10:1

CD4 T(CIA)

+irrad APC (CIA) JCDiic (C18) 101
D14 (CLA) + 1MT 101
COE (Cla) + il 101
COME (CIA) + I+ T 10
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Et en cas de réponse, ...
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Exces d’antigene induit la délétion clonale

Mort cellulaire par activation (AICD)

* Fortes doses d’Ag induisent la tolérance spécifique des T et éventuellement celle des B

T Cell Priming Versus T Cell Tolerance Induced by

Synthetic Peptides

By Peter Aichele, Karin Brduscha-Riem, Rolf M. Zinkernagel,
Hans Hengartner, and Hanspeter Pircher

No protection

Protection

Repetitive injection

of high Ag dose
= No protection

/

| Influence of the route

A 1 xs.c. B, 1,xip.
\A . [] * .
= LN
Q 6 ]
w L]
o 4
| -
Q 1B LTS
a
. 2 T T T T T T T
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Figure 1. Parameters defining peptide-induced priming or tolerance of
CTL. C57BL/6 mice were immunized with different amounts of GP33
peptide emulsified in IFA once s.c. (4) or i.p. (B) or three times at 3-d
intervals sc. (C) or i.p. (D). 10 d after the last peptide administration,
mice were challenged iv. with 200 PFU LCMVAWE, and virus titer in
the spleen was analyzed 4 d later. Dots represent values from individual
mice (five animals per group). Detection level is indicated as 2 dotted line,

184 uo Biorssaidniwal woll pepeoiumon

mice pretreated with
GP33 peptide/IFA (3x; i.p.):

- 500pg 100ug S5O0pug ug

190 target cells
loaded with:
501' 1 GP33
| = = hk: No specific CTL response
100~ 2* e
2™ NN
2.. -
"E 50; c\"q\ \§\§ \ N NP394
@ J 1 !
O ]
0 70 23 81 ) T
1007~ - _[. _
50 P none
£
omjﬁam -
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effector : target ratio

Figure 2. Peptide-induced tolerance of CTL. C57BL/6 mice were treated
three times at 3-d intervals with 1-500 pg GP33 peptide in [FA i.p. or
with IFA alone, Lines represent individual animals. 10 d after the last pep-
tide application, mice were infected iv. with 200 PFU LCMVAWE, and
the ex vivo CTL activities of splenocyres were assayed 8 d later in a “'Cr
release assay. MCS7G fibroblast target cells were either loaded with
10-¢ M GP33 peptide (@) or with 10-¢ M NP3%4 peptide (A) or left
untreated (O).
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la famille Src (SFKs) ce qui aboutit a I'activation de
p38MAPK. p38MAPK phosphoryle divers facteurs de
transcription (par exemple ATF-2), qui pourrait avoir la
possibilité de se fixer sur le promoteur de FasL et ainsi
activer la transcription du géne. Une fois FasL traduit, il est

/ N adresse a la membrane plasmique ou il va interagir avec son

’ - récepteur (Fas). L'interaction Fas/FasL aboutit & I'activation
K Substrats de mort des caspases qui vont, entre autre, activer les JNK. Les JNK
activées vont promouvoir I'AICD en régulant I'expression de
FasL et ainsi amplifier le signal. Il semble que p38MAPK et
¥ @ JNK puissent réguler l'expression de FasL a des étapes

Fas
”‘DE . L'engagement du TCR conduit a l'activation des kinases de
Pro ’D

caspase 8

p38 MAPK

ATF-21c-Jun?
Autre Facteur de

Transcription?

c-Jun e . NI . . ' R
Promoteur ds FasL ~———— oo, P v différentes suite a l'activation. D'aprés Zhang et al., 2000.

| l

| | | 1

0 2 8 16
Temps (hrs) aprés stimulation du TCR

. Réle physiologique est mis en évidence dans des situations
ou des mutations Fas ou FasL, ou I'expression de
molécules bloquant I'apoptose des lymphocytes B et T (c-

Déletion clonale FLIP) conduisent a une expansion lymphocytaire anormale

(lymphoprolifération) la production d’auto-anticorps et des

atteintes rénales de type lupique.

Mécanisme actif de tolérance périphérique
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Percevoir le signal - Déletion clonale

* Activation des LyT: un processus controlé
— Molécules co-stimulation
— Influence des DC

* Contréle des réponses inflammatoires
(rle des cytokines)

« Populations suppressives
— LyT régulateurs

Proliféerer et se différencier

Atteindre le cible

« Acces limité aux tissus
« Sites immunoprivilégiés
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"Non-self” : activation "Self* : tolerance
Tymphocste [ proar
Professional Inflammmatory Non-professional e Non-inflammatory
Antigen . Antigen
Presentation Environment Presentation

og. CD28 /BT ote: of IFN-7 , IL-2 etc #f. No BT present

y Environment
. e of. IL-4, 10, TGF-f} eto
Normal self tissues

eg. pancreatic islets

Immunological tissues
eg lymph-nodes
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Anti-inflammatoires / \ Pro-inflammatoires
IL Fa IL-12
T -1 «—— IL-18
IL-6 IFNg
@ IL-12,, IL-10 ?"ergy‘ Anti-Infl
IL-6. TNF-a, IL-1p reg
Immature DC
Apoptotic
cells \ MHC 11" ::>
By e
TINF-o—* IL-12, IL-10" Treg
Gute™ IL-6. TNF-r, IL-1p° ey e1es 2
flora o mature DC Hypersensibilité de type IV

Maladies auto-immunnes

Immunity Pro-lnﬂ IL 12

~

—

Mature DC

IFNg

Antigeéne:
Nature, dose, introduction

eDermatite de contact
*Maladies granulomateuses (Crohn, Vascularites)
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Neonatal tolerance

Induction of neonatal tolerance is associated with expression
in vivo of IL-4 and IL-10. (Fig 1)

Mucosal tolerance

Tolerance to ubiquitous environmental antigens, : high
frequency of TGF-B+ cells (Th3) that have suppressive
functions

Autoimmunity

-IL-10-knockout mice develop an autoimmune colitis
spontaneously, and TGF-f-knockout mice that develop a more
extensive, multifocal autoimmunity

Default of IL-10 production in AID:

Colitis, Crohn disease: presence of neutralizing Ab (Fig 2)

-IL-4: Systemic injection of IL-4, gene therapy with IL-4 and
transgene expression of IL-4 in § cells of the islets of

Langerhans each prevent the onset of diabetes in NOD mice

More complex...

TGF-f : treatment with TGF-f3 ameliorates EAE. TGF-f is,
however, known to be pro-fibrogenic and is implicated in the
pathogenesis of several fibrotic conditions such as scleroderma
and pulmonary fibrosis. Transgenic expression of TGF-f3
resulted in chronic pancreatitis and fibrosis .

IL-10 : Under some circumstances, IL-10 is protective; in
EAE. By contrast, diabetes is exacerbated following increased
pancreatic expression of IL-10 in a transgenic model

Tolérance et cytokines

Groups® Days of graft survival MST?
Neonatal 20, 21, >40, =40, >40, >40, >40 =40
Neonatal + IFN-y 14, 14, 14, 15, 16 14
Neonatal + anti-IL-4 10, 15, 16, 18, 20 16
Naive 11, 13, 14, 14, 16, 17, 17 14

2 Four-week-old neonatal primed, neonatal primed + IFN-v, neo-
natal primed + anti-IL-4, and age-matched naive control mice were
grafted with A/J tail skin and graft survival was followed from day
10.

b Median survival time.

Patients with inflammatory bowel disease may have a transforming growth factor-_, interleukin
(IL)-2- or IL-10-deficient state induced by intrinsic neutralizing antibodiesE. C. Ebert, Clin Exp
Immunol. 2009

(a) (c)
P<0-01
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* Production
IL-10: Mono, Macro, LyB, LyT Tr1 Ag Ag
+ +

— TGFb: tout type cellulaire, Th3 g @ P
O TONE0)
- Cytokines anti-Th1:
IFNg - IL~4
~ 110 IL-10

— IL-4
« Actions: | ‘
— Inhibition de production des cytokines pro- §‘<v \\( Xf,v
i i ‘ / FIL-2 N
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Altered Immune Responses in Interleukin 10 Transgenic Mice

By Amy Hagenbaugh,** Sherven Sharma,! Steven M. Dubinett,!
Sherry H.-Y. Wei,$ Richard Aranda,$ Hilde Cheroutre,*

Deborah J. Fowell,** Scott Binder,* Betty Tsao,” Richard M. Locksley,**
Kevin W, Moore,$ and Mitchell Kronenberg*#$

Table 1. T and B Lymphocyte Differentiation Is Normal in IL-10 Transgenic Mice

Mouse type Cell no. cD# cDe CD4 /CDa B220/Ighar

Thymus % % % %
Control No. 1 1« 108 9.8 26 837 -
Control No. 2 12- 108 109 26 827 -
IL-10 Tg No. 1 98- 107 10.4 3.2 821 -
IL-10 Tg No. 2 1.6« 108 15.3 34 T4 -

Spleen
Control No. 1 4.8 107 26.6 1.5 1 60.8
Contrel No. 3 55« 107 228 9.7 -1 61.8
Control No. 4 54+ 107 19.5 14.4 -1 60.3
IL-10 Tg No. 1 30 107 228 13.2 L 62.8
IL-10 Tg No. 2 30- 107 249 13.2 -1 58.4
IL-10 Tg No. 3 65« 107 16.5 10.3 L 63.7
IL-10 Tg No. 4 65 107 234 4.6 -1 50.5

Cells from spleen and thymus of line 8 1L-10 transgenic (Tg) mice were prepared, counted, and stained with the various cell-surface markers. Stained
cells were analyzed by flow cytometry as described in Materials and Methods. Values are given as percentages of total gated lymphocyte populations,
based on light scatter. -, not done,

Tumor growth

B =l JL-10 Transgenic + :1.113

A 4000 —a— .10 Transgenie 5000 T ::l |:| 'I;mnsgemc + JES-2AS

——  Control _ ontro (n=d)
= (n=14) E 4000
£ 30001 E
£ =z
z E 300
5 3
2 2000 | 2
- 5 2000
5 E (n=4)
g El (=4}
2 1000 e

e \ 0 y 7 ' y
10 15 20 25 30 5 10 15 20 25
Days Post Tumor Cell Injection Days Post Tumor Cell Injection

Figure 7. Uncontrolled tumor growth in IL-10 transgenic mice. (A) Groups of 914 1L-10 transgenic and control littermate mice were injected sub-
cutaneously with 3LL carcinoma cells. Tumor growth was recorded on a daily basis using metric calipers. Data are shown as the mean tumor volume for
each group of mice « SE at each indicated time point. This is representative of one of three experiments, which all yielded similar results. (B) 1.5 mg of
IL-10 neutralizing antibody, JES-2A5, or control isotype antibody, GL113-5E7, were administered intraperitoneally at 24 h before and 4 d after 3LL cell
Injection to IL-10 transgenic mice. Contral |ittermates were injected with 3LL cells as a negative control for tumor growth, Groups of three to four mice
were analyzed. Data is shown & mean tumor volume = SE.

+lsotype

+anti-1L-10

Colitis:

110
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- in=4)
E
-
o ()]
=
=
=
‘£ 957
B’
L] {m=3)

—&—  [L-10 Transgenic
—f— Conteol
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Figure 3. CD4" CD45RB"™ cells from IL-10 transgenic mice fail to
induce colitis in SCID recipients. 4-5 « 10° FACS' sorted CD4
CD45REMM cells from IL-10 transgenic or control littermate mice were
injected into SCID mice. Weight gain//loss was scored weekly for 9 wi.
Walues are shown as a percentage of original weight at day 0, the time of
cell injection. Number of mice in each group is indicated in parentheses.
Reqression analysis of the two curves shown indicated the data to be
highly significant, P+ 0.0012. (Similar results were obtained using Rag-2
mice & T cell recipients.)
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Environnement cytokinique est déterminant lors de I’activation lymphocytaire
>> Différenciation Th1, Th2, TH3, Th17, ....

Pro-inflammatoire

T-bet > IFN g

STATI1

IL-12 f

N

2 — IL4 IL-27

IL 4
‘ 3 GATA 3
STATS
IL- 6 IL 23

TGFb / @—> IL-17
STAT3
Condition IL-10 RORet
Non-inflammatoire
— TGFb

!

Pop immunosuppressive
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* Th3

sous-groupe de lymphocytes TCD4+ qui secretent
du TGF- (ainsi que de I'lL-4 et de I'lL-10),

favorisent la sécrétion d'IgA par les plasmocytes,
régulent a la baisse les Th1 et les Th2.

Leur maturation dépend de la présence de TGF-,
d'IL-4, d'IL-10 et du blocage de I'lL-12,
ainsi que de l'expression a leur surface de
CD86 et de CTLA-4.

Ces clones Th3 émergent surtout aprés
pénétration de I'antigéne par voie orale.

Leurs cibles ne sont pas les T effecteurs mais
plutot les cellules présentatrices en contact
avec ces derniers, la libération de TGF-
induisant un mécanisme de suppression
paracrine sur celles-ci.

. T

La production de taux élevés d'lL-10

suppriment la réponse immune par contacts
cellulaires directs et/ou par sécrétion de
cytokines.

faible capacité a proliférer (du fait des hautes
concentrations d'IL-10.

se différencient aprés contacts avec des cellules
présentatrices synthétisant de grandes
quantités d'lL-10.

Cette situation est surtout rencontrée lorsque la
cellule dendritique est encore assez
« naive », que l'antigéne est en faible
concentration, et que les contacts entre
cellule présentatrice et lymphocyte TCD4+
sont répétés.
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Ly T régulateurs:
— (re)découverts par Sakagushi
— RO&le dans maintien de la tolérance
périphérique
— Prévient 'apparition des MAI

— Phénotype:
« CD4+ CD25+
* Foxp3+
— 5-10% des T périphériques

— Cellules anergiques, dépendantes de I'lL-

2 et de CD28 pour leur survie

— Action suppressive de proximité
» Contact-dépendent

— ROale multiple

— Suppression des réponses
« auto-immunes
« anti-tumorales
+ allogéniques
» anti-infectieuses

Lymphocytes T régulateurs

CD25

CD4+ CD25+

Foxp3

AUTOIMMUNITY

Protected i-isld cells

i

Tumor free mouse

TUMOR IMMUNITY

CHRONIC INFECTION
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(Sakaguchi; 1999)
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Ontogeénie et Spécificité des Treg
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 Suppression

— Modification du ratio Teff: Treg
« Expansion in vitro et injection

« Expansion in vivo

— Rodle de I'lL-2
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« Activation:
— Deéplétion des Treg :
Anticorps monoclonaux anti-CD25

— Bloque l'activation des Treg
* Anti-CTLA4
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T cell
receptor | CTlAd U
i

Treg: nouvel outil thérapeutique

Treg facilitation by infusion
of ex vivo expanded Treg
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T cell suppression prevents autoimmune
disease, transplant rejection, and

allergies, but likely promotes cancer
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Cytokine anti- Tsuppresseurs

Inflammatoires Treg, Tr1, Th3

DC immatures DC tolerogénes
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UPmC Les mécanismes périphériques de controle

1881 PARISUNIVERSITAS des LyT auto-réactifs
Percevoir le signal » Activation des LyT: un processus

contrblé
— Molécules co-stimulation
— Influence des DC

« Controle des réponses
inflammatoires (réle des cytokines)

Proliféerer et se différencier

» Populations suppressives
— LyT régulateurs

« Acces limité aux tissus

Atteindre le cible

REPONSE
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* Interdire I’accés de certains tissus aux
lymphocytes T activés et potentiellement

autoréactifs Infiltration lymphocytaire en réponse a
une inoculation virale dans la chambre
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UPmC Conclusion
Mécanismes a l‘origine de la tolérance

Tolérance centrale Tolérance périphérique

@'ﬁ’,’;‘;ﬂ'ﬂ;’;‘,’ a “lgnorance’ of autoantigen . b Autoantigen in immune-privileged site
Immature . . k. .
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sz @ >} 7 (byapoptosis)
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< Apoptosis Change in Development - -

(deletion) receptors of regulatory Potentially autoreactive T cell

(receptor T lymphocytes
editing; (CD4* T cells Suppress;V
B cells) only)

f Tcelis suppressed

by a requlatory T cell d T cell is made anergic

e T cell becomes a (tolerogenic) Th2 cell

Mechanisms that prevent potentially autoreactive T cells from reacting
inappropriately to autoantigens
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B cells need T cell “help” to make high affinity antibody

Non-self Ag
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stage 1: priming of T call cell after recognition of processed antigan
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Ignorance
Anergie
Déviation immunitaire

Suppression
Treg
Echappement

Tumeur = soi modifié
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