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Les molécules de I'activation
—  TCR: CMH-Ag + Co-récepteur CD4, CD8
— Mol co-stimulation
—  Cytokines

et ses conséquences sur le

Aspect: itatifs et itatifs de
Iactivation

—  Affinité de l'interaction
— Avidité de I'interaction
— Dynamique des interactions moléculaires
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— Détermine le programme de différenciation T
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Interactions moléculaires de la
reconnaissance antigénique pour I’activation T

Dynamique des interactions

Conséquences des interactions sur la
différenciation T
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Bases moléculaires
de la reconnaissance antigénique

Influence des paramétres
de I'interaction TCR/CMH-Ag




—MmC

1881 PARIS
B. Bellier

Reconnaissance antigénique

Parameétres de fixation au complexe CMH-Ag:

kon
TCR + CMHpep : > TCR/CMHpep
k off

k,,: Taux d’association (M- s*')
K, Taux de dissociation (s™)

Demi-vie : t;;,=In 2/ kg 4— ‘
Importance
Ka= K, /Ko (M) de K;, ou de
ty, pour
activation
T?
Ko= 1/K, ( M; 1//Affinité) <
Jaune = peptide antigénique
f—- mC Paramétres
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Affinité
TCR /CMH-Ag:

KD ~1-50 pM.

Significativement plus
faible que les autres
interactions protéines-
protéines aux
conséquences
biologiques

Table 1. Binding for wild-type T-cell recepts
TCR Peptide/MHC ke (per second) || 2 (seconds)
cr2s AHIAS)LE 011 63
P 0975 07
2 257
P 268
cr2s 20 .
or1 315 ‘
or1 7 10 Weak agonist
cr2s AHIAT 24 15 Weak agonist
c SIV/K® 15 274 Agonist .
AHII122  puosyD® 12 814 Weak agonist | [ *
GEVE) 37 811 Antagonist
B TavHLA A2 52 12 "
TavHLA A2 61 19 .
HIV,, SLY/HLA A2 n2 22 :
. 3 .
a2 52 '
a2 52 Agonist i
15 63 "
29 7 i
23 13 Agonist ’
17 125 Agonist '
32 2 »
NY-ESO-1/HLA-A2 64 2 Agonist K
tel/HLA-A2 48 a0 »
FLR(E)/HLA-B§ 20 132 :
MBPL-1I[4Y)/1-A* 31 59 !
HbILES 108 12 "
MBPL1I4Y)/1-A a2 3 Weak agonist !
n7 %0 Agonist :
MAW 13 M HSP/HLADR3 56 0 »
AHL23 CHSPIHLA-DRA a2 3 =
1412 MBP/HLA-DR2 39 81 n
2611 MBP/HLA-DR2 5900 09 123 »

um binding constant;

Ko 590CEION 1At Koy dissocation rate; MHC, major histocompatbility complex; f halflfe of the
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*  Mesure les interactions moléculaires en temps réel.
L'appareil fonctionne sur le principe d’'un biocapteur qui utilise la résonance plasmonique
de surface (SPR) pour détecter des variations de masse a la surface d’une sensor
chip sur laquelle une des molécules (le ligand) est immobilisée. L'autre molécule ('analyte)
est injectée par un systéme microfluidique dans un flux continu de tampon a la surface de la
sensor chip. Le suivi de la variation de signal SPR en fonction du temps (sensorgramme)
pour plusieurs concentrations d’analyte permet de déterminer les constantes cinétiques
d'association et de dissociation, et d’'en déduire la valeur de la constante d'affinité. Cette
technologie permet également de mesurer la concentration en molécules fonctionnelles
ainsi que la stoechiométrie d'interaction.

N A/

UPmC Importance de I’affinité du TCR
pour I'activation lymphocytaire (1)

CD8" T Cell Activation Is Governed by TCR-Peptide/MHC
Affinity, Not Dissociation Rate!

‘Shaomin Tian,* Robert Maile,*' Edward J. Collins,** and Jeflrey A. Frelinger™

CD8+ TCR-transgénique (P14 = TCR Va2 Vb8)

Ag=GP33-41/LCMV . \ —
Or GP33-41 mutants (CIL, KIMCOM) 1. Yy rmome—
3 -
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Pmc Importance de I’affinité du TCR

oy ‘ pour I’activation lymphocytaire (2)
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C Le paradoxe de la reconnaissance par le TCR
AAA1 PARIS/ ERSI
. Bellier
. . . * TCR Signaling
* L’interaction TCR/CMH/peptide ;

montre alors des paramétres
cinétiques particuliers ; un taux
d’association lent et un taux de
dissociation rapide.

Haute sensibilité,
faible affinité

- Comment une si faible
interaction peut elle engendrer
une transduction de signal ?

UPmC Importance de I’affinité

kon

TCR + CMHpep ——> TCR/CMHpep

k off

k,,: Taux d’association
k.5 Taux de dissociation

Demi-vie : t;,=In 2
Importance de
Kp ou de t,),
pour

o
Ko= 1IK, (1iAffinits) b 20UVALONT 2
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Il. Activation T : un systéme dynamique
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* Modéle de McKeithan (1995)
«  S’inspire du modéle développé par Hopfield (1974) afin d’expliquer la remarquable
exactitude de la réplication de I’ADN et de la synthése protéique.

*  L’hypothése du modéle :

1) Le complexe récepteur-ligand spécifique ou non spécifique CO0 est converti via une
série d’intermédiaires Ci en un complexe actif CN. Chacune de ces étapes requiert de
I’énergie et impli la ph ylation sur tyrosines.

2) Ladi iation du é alaré des modifications, par le biais
de phosphatases par exemple.

3) Le taux de dissociation de complexes non spécifiques est suffisamment haut, afin
que la dissociation intervienne avant que ce complexe génére des signaux.

Ky
Y PPN K

T*W{—.‘“?C*T:C’T:—\T:’izfz’i
Initial Major
Signals Signals

Des complexes initiaux CO formés entre le TCR (T) et le complexe CMHIpeptide (Mx)
doivent subir N modifications avant de générer un complexe actif CN. A chaque
étape, le complexe peut se dissocier emmenant & une compléte réversion des sous
unités  leur état basal. Pour une totale activation, les signaux doivent étre générés a
partir du complexe final C. D'aprés (McKeithan 1995).
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« Activation du lymphocyte T si interaction TCR/
CMH-Ag suffisante (seuil d’activation)

« Interactions :
- Force d'interaction (Affinité)
- Temps dinteraction (Koff)
- Nombre d'interactions (x n; Avidité)

« Activation progressive des molécules de
signalisation (phosphorylation) : seuil d’activation

«  Seuil critique pour initier une activation
fonctionnelle

« Siinteraction insuffisante (k. faible, dissociation
du complexe TCR/CMH-Ag) avant initiation de
P’activation: les gr h h seront
éliminés par les phosphatases cellulaires

seuil
d’activation

signalisation

Pmc Seuil d’activation:

1881 PARIS T naif vs T mémoire
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2 SIINFEKL
5 At
) 154 B 2000 am
/\ § O 1000 oM
- seuil g g“” B 500 oM
d’activation &2 W 250 o
£
&’ -
T naif T mémoire o

CDadlo CDadhi

Beads H-2Kb+OVA 7:,245 " H79Kbrn-‘v
R 5] 107 boats
TCR-transgenic T cells o o
17
(K, constant) 554 o
% 5 6q W ozs
g B robeats
g
H

Proliferation of OT-1 CDB* LNC in response o Kb/OVA,,
264 and rlL-2 is predominantly due to the CD44"s" subset of
cells. 4, LNC (5 x 10*-sorted CD44*CD8* and

24
o .
CDadlo CDaahi
seuil
CD44""CD8") from OT-1 mice were cultured with 1 x 105

( |
\ \_/ d’activation —> ‘\ J
latex beads coated with H-2K? at 1.7 ig protein/107 beads

T naif T mémoire and puised with OVAzs; o5 peplide at the indicated
concentration. .
Curtsinger, JI 1998
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force Affinité Avidité
du
signal

+4++

Affinité versus Avidité

Xxn

sommation

Xn
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mC DC scanning

C Nombre d’interactions TCR/CMH-Ag
1881 PARISUNIVERSIT dépend de I’affinité du TCR

B. Bellier

. ok 5. 37146, A, 1996, Copprh 198 by et s Modéle:

" Clone 2C anti-AlloAg
Correlation Between the Number of A .
T Cell Receptors Required for T Cell Spé p2Calld; QL9/Ld

Activation and TCR-Ligand Affinity S ggc‘:f"[;ﬁ[?;;;i";]aque .

Affinité: Mutants de QL9

A8A1 PARISUNIVERSIT.
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« C i avec CMH-Ag a la surface des DC
Stage I: Stage II: Stage llI: Stage IV: Stage V:
Stochastic Transient T cell clusters T cell swarms T cell proliferation
contacts interactions (3-16 h) (16-24 h) (>24h)
(1-3h)
Tcell
\ Cytokinesis
(20 min)
=@ =0 =
-2 =
pertoir ingl CD69 i ytoki i Migrating T cell blasts
~ 3 min contacts ~11 min contacts >1 h contacts ~ 20 min contacts short DC contacts
C Nombre d’interactions TCR/CMH-Ag:
Nmat PARISUNIVE o aspects moéculaires
. Bellier

Engagement répété de la méme molécule de TCR vs
différentes molécules de TCR ?

Z

A Figu 5. Gormsaion Betwson the Bacing
AWty oftha TCRfor s Lgand anc he
105 10° Nomber of ber of TCRs Roqured for T Gell Activy
l SuperAg Ligands.
1,000
3 &
8
B0t 2 10000
s 3 ’
3 _— g
103 | [Fo=pecand
~e—oLand
525,000
~o-sect 2
=t 0L9-059 L
102 100 10t 105 108 107 108
10 12 103 108 105 108 Kq f TGR for Ligand
Number of Ligands/Cell B
108
Fiure 4. Reationsho of Number o Ligands per Targat Cel and
e N iy __Prodicted Ky _
GO0 1ax10f  ewonoi e peptde case | compierss
& o 8 Quoosad 22x104
e © OLoKELd 1.4x105
3 D QLAsAY 27x 108
‘asay. The number of TCAreauired for ecognion was dotermined g E QLOHSLY 26x107
tion of cytolysis, using & K, f 2  10° M * and 100,000 TCRs per 103
7 cal, a8 doscrbed in Experimental Procedures. Data are taken
rom Tatio 2
02
108 10t 105 108 107 108
Ka of TCR for Ligand
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Serial triggering of many T-cell receptors by a few peptide-MHC complexes
Valitutti, Nature 1995

Number of cells

oo

Time (min)

T cells conjugated with peptide-pulsed
APCs undergo an antigen-dependent

Le modeéle du « Serial Triggering »
downregulation of the TCR/CD3

complex.

7/02/11
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Serial triggering of many T-cell receptors by a few peptide-MHC complexes
Valitutti, Nature 1995

e we measured at different antigen concentrations the number
s 0 of complexes per APC and the number of TCRs

. after T-APC il ion. In one series of
experiments, EBV-B cells were pulsed with different
concentrations of 125 I-labelled peptide and the number of
peptide-DR complexes per cell was calculated at each
peptide concentration Figure 3(a). In parallel experiments,
the fraction of TCRs downregulated by APCs pulsed in the
same conditions was measured Figure 3(b). From

109 b comparison of the two curves it is estimated that APCs

78 //’_/'_—. pulsed with high peptide concentrations (20 micromolar)
display approximately 7,500 complexes and induce
downregulation of 93 percent of TCRs. Strikingly, APCs

pulsed with a low peptide concentration (50 nM) display
22 only approximately 100 peptide-DR complexes, yet they
downregulate 62 percent of TCRs. The relationship
between the number of peptide-DR complexes per APC and
the number of TCRs downregulated per T cell is shown in
Figure 3(c). This plot clearly shows that each peptide-DR
complex must engage a large number of TCRs in successive
rounds. This effect is dramatic at low complex density, where
approximately 100 complexes can trigger up to 18,000
TCRs, but is less marked at high complex density, indicating
that a single peptide-DR must be able to trigger 180
TCRs in successive rounds. This figure may increase at
lower complex density and could be an underestimate as it is
unlikely that all complexes present on an APC may be
available to the responding T cell.

7 TCR downr

10 102 103 104 108

Peptide concentration (aM)

Pepiide- DR compleses per APC (x 10

mc Nombre d’interactions TCR/ICMH-Ag:

aspects moéculaires

Influence de la « demi-vie » de contact

UPMC
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LJ. Carreiio et al. / Immunobiology 211 (2006) 47-64

Low pMHC density

Weak agonists _ /| Optimal agonists }\ .
TCR serial
blockade

Tncomplete
TCR signaling

T cell activation

- . .
—8-88

TCR/PMHC 1,,,

Fig. 2. T cell activation depends on TCR/pMHC interaction half-ife and pMHC density. (A) When T cels interact with cognate
HC 2t low density on the APC, efficient activation takes place within an optimal zange of TCR/pMHC interaction halFlfe.
ctions with short half-lives canot complete noces to impairment on TCR
kinetic proofreading. TCR/pMHC interactions with cxcessively long due to TCR serial
engagement blockade. At low pMHC density, the plot of T cell activ
distribution, in which only pMHCs that ineract
Coombs ct al, 2002). (B) When T calls interact with cognate pMHC at high density on the APC, T cell activation can take placc
when the half-lfe o the TCR/pMHC interaction is intermediate or high, because serial engagement requirement no longer applies
(Gonzalez et al, 2005). At high pMHC density, the plot of T cell activation versus TCR/PMHC half-life results in 3 sigmoid
distribution, in which pMHCs that interact with intermediate and long halFlives with the TCR behave as agonists.

18RI PARIS!
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*  Minimum 1 a 50 complexes CMH-Ag sur APC pour activer LyT
« Engagement multiple des TCR pour un complexe CMH-Ag
— N= 200 contacts répétitifs (Valitutti 1995)
« Temps de contact cellulaire requis ? (Long / Court)
— Temps de contact TCR/CMH-Ag limité pour assurer des engagements répétés des
Influence du temps de contact
Serial triggering of TCRs: a basis
for the sensitivity and specificity of
antigen recognition
Salvatore Valiutti and Antonio Lanzavecchia
Agorist

® Parta agoist -
£ :
% "”j % Agonist Antagonist
A ‘ . - TI2 3410 0541
£ .
P \3\:_’ . | #TCR 100 250
I . RN .‘.‘J ‘.\'&:. . ‘ (par CMHp
L . KA oo en 30min)

o1 i o o0

. Haiife of TOR-pepice-HAC (3

Fig. 2. Scrl TCR triggeing o iactiotion e  funcion ofcomplex: <l and i eqasied for TCR trigsrin. (0 Simlaton descrving

e of TCRS riggenl in 30 i o ofthe ol of TCR-petie-MH iteactions. Exchcare s ot for times reqiedfor |

s fnction ofthe Rl of TCR-peptide-MHC ntracton. I i assumo e Ftion for 5 el inull TCR triggring,aton for -5 i1

14155 ofTC et () |

35 TCR m 1 lent.
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Pmc Influence de la densité de complexe CMH-Ag
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LJ. Carrefio et al. / Immunobiology 211 (2006) 4764
A § /\ Low pMHC density

§ i

3

-

7 . = TCR/pMHC 1,
-

&

B8~
L High pMHC density

JOptimat agonists | Optimat agonists

T cell activation

TCRPMHC 1,

Pmc Conditions d’activation multiparamétriques
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« demi-vie » \
de contact
Kot \

Pmc Paramétres quantitatifs de I'activation
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Engagement de

Q& 3 2400 TCR différents

10°5TCR/T

x1-200 /t=2-30s

Dépend de la présence de

CD8 cD28
CD40L

LFA-1

PmC Conclusions
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* Enrésumé,

le « kinetic proofreading » se focalise au niveau du récepteur
individuel. En effet, pour devenir activé, un TCR lié doit compléter une
série de modifications biochimiques (phosphorylations des ITAMs,
association puis activation de la ZAP-70 (Zeta chain-associated protein
of 70 kDa), recrutement et phosphorylation d’autres molécules de
signalisation additionnelles), avant de se dissocier avec le complexe
CMH/peptide).

Par contre, le modeéle du « serial triggering » porte a discuter au
niveau cellulaire. Puisque, dans des conditions physiologiques ou la
densité de CMH/peptide spécifique sur la CPA est faible, la demi-vie de
liaison du complexe TCR/CMH/peptide doit étre assez courte pour
permettre a un seul peptide d’engager en série de multiples TCR requis
pour I'activation de la cellule T.

7/02/11
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« CD4: CMH-lIl
« CD8: CMH-l

Role des molécules adaptatrices

« Transduction du signal : renforcement des voies de signalisation

CSK

PTPN22
(LYPIPEP)

Le modeéle d’hétér

Tyrosine phosphorylation, MAPK activation
Calcium increase...

Role des molécules adaptatrices : CD8

1881 PARISUNIVERSITAS
B. Bellier

The ap-negative T cell hybridoma 58-/-
was colransfected with the 2C wt c chain
gene and one of five different « chain
genes from 2C and the mutants m6c
m13a m33a and m67a . Stable
transfectants that expressed similar
levels of TCR were identified based on
their staining with anti-Vat antibody KJ16

Sensitization Doses of Various QL9
Position 5 Variant PeptidesIL-2
roduction by stimulated

ith various peptides was measured as
escribed in the Experimental
rocedures. The amount of peplide that
ielded 50% of the maximum IL-2
lease (SD50) was calculated by linear
gression of IL-2 curves (see Figure S1
It

). The log of
e SD50 value was plotted for each of
e peptides used to stimulate
fansfectants: (A) 2C and méa CDB-
legative; (B) 2C_CD8-negative, 2C/
D8aa and 2C/CD8aB (C) m6aCDB-

iegative, m6aCDBaa and m6aCDBAB In

, Eigure 4 and Figuze 5, log SD50
values represent the mean of at least two
assays. Error bars indicating one
standard deviation are included for each
point (for some points these error bars
are not apparent as they are smaller than
the size of the symbol).

l'interaction TCR-CMH | est augmentée de fagon marquante par le CD8
>> Aide a I'activation des clones T de faible affinité

CDnogative

Log SDs (L9 system)

Kp value (nM)

Relationship of Peptide Activity and TCR:pepMHC
AfinitySD50 values of various peplides were plotted
versus the equilibrium affinity constants (KD) of the
corresponding TCR:pepMHC interaction (Luble 1). In order
to include values from the Ld and Kb systems, SDSO
values from the two different antigen-presenting cell
systems (T2-Ld and T2-Kb) are shown on the two Y-axes.
The points represent data derived from CD8-negative
transfectants (blue circles) and CDBaBtransfectants (red
squares) of the coresponding TCR transfectant. The
corresponding TCRIpepMHC interactions are shown at
the bottom of the figure. The range of KD values that
correspond to_affinities measured for_known
TCR:syngeneic MHC interactions from in vivo CTLs are
shown. This range falls exclusively in the CD8-dependent
category, as determined by TCR-transfection studies (not
necessarily anti-CD8 antibody inhibition studies).

Holler D , Imm 2003

1881 PARISUNIVERSITAS

@y J1 2003

No@

[Hlthymidine
incorporation (cpm;

0 25 5
epitope equivalent (nM)
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. 50000 ~-D"D227KIgp33
=< D%y gm0
40000- T 60
0000- 3 s
240

0000- 3
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10000- = 1 = ?g

0!

10 20 40 0

Molécule adaptatrices:
indépendance pour les TCR de haute affinité

- Model:
- TCR-transgenic CD8 (P14)

* GP33 (KAVYNFATC) ou C9M (KAVYNFATM;
affinity >) peptides presented by

+ H-2Db tetamers or tetramers containing the D®

D227K mutation, which has been shown to

abrogate CD8 interaction with MHC

'IC

NS

DY
o-DP D22TKICOM 2

g
g

PHthymidine
incorporation (cpm
Pl
8
8

0 004008016 03 06 1.25 25
epitope equivalent (nM)

60000 .
== Dffi
1
0000
20000
10000
o

M
u
NS ]

NB: Attention aux

& ° maodeles de souris TCR
&
& & transgéniques présentant
un TCR de haute affinité

Role des molécules de costimulation:

1881 PARISUNIVERSITAS

* Mol de costimulation:
—  signal activateur complémentaire
- CD28/ CD80
- (CD28/CD86
— CD40/ CD40L

« Absence:
— Induction d’anergie
— mécanisme de tolérance
périphérique

Ignorance Immunolagique

Pas d'activation|

7/02/11



Nécessité d’un engagement prolongé de
CD80/CD86

&1 PARISUNIVERSITAS
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Liwski, Imm Letters 2006

CD4 anti-OVA +anti-CD80/86

% &0
) ®)

£ e i = w ®
H £ .
i 5w H B
g 2w S -
2 2w "
< ® o I I "S5 s ps ns
2 10
e i

o °

Nodo 1 2 61z None 2 o A
Time of Ab Addition (h) Time of Ab Addition (h) Toneof A Adtion 1 Armount o112 Added ()

2 L s ) e ©
g° % 20{ONoAb el 2 ns
5 H B Anti-CDB0/86 3
‘: 4] . ; 1 ‘;’ 15 ooy 15 "
HE g 2., Lo o [—
3 & 8
2 £ g s
£ 3 s H
[ © o

o Va0 1 2 6 m o A 0

Non IR Time of Ab Addition (h) Time o1 Ab Adaiion (1)
“Time of Ab Addiion () Time point ()
+ We demonsirated that DC mediated CD80/CDUG costimulation
conirols the magnitude of the nave I cellpro
+  Toinvestigate the functional effects of CD80/CD86 blockade res) by regulating both responder frequency as well as

on naive CD4+ T cell activation, freshly isolated CD4+ T cells
from OVA-TCR transgenic DO11.10 mice [27] were labeled

with CFSE and cultured with OVA-peptide pulsed, mature DC
in the absence or presence of D80 and CBBE speciic mAbs.

Profiferative capacity.

* Our data revealed that blocking CD8O/CDSS signaling up to 6
h after conjugate formation resulted in crease
I both the mumber of nave T cells entoring the prolferaive
ycie and the mamier of daughier cos generated by cach cell.
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A

immature

mature

immature (peptide)

ol

100500 5800
Ouration of coreacts (sec)

Mol costimulation et
dynamique de I'interaction

« Federica Benvenuti, JI 2004; Dendritic Cell Maturation Controls Adhesion, Synapse
Formation, and the Duration of the Interactions with Naive T Lymphocytes

A B
peptide (M) days in culture
o 01 ' 0 2 a . s
ST
e T -y im (i)
- {— . : .
° | at
e | mat L p ‘ (1M
CFSE . mat
T 10
B CFSE .
mature (peptide) <
days in culture
: «  Proliferation of naive T cells stimulated by immature or mature DCs. Immature or mature

DI pulsed with different doses of peptide were cocultured for § days with CFSE-loaded
naive T lymphocytes (1:5 ratio). A, Representative dot blot profile showing the loss of CFSE,
and the up-tegulation of CD44 induced by mmature (upper row) or mature lower row) DCs
loaded with different peptide doses at da Histogram profile of CFSE staining on naive
T cells stimulated with immature (upper rov) or mature (middle row) DCs loaded with I M
H-Y and mature DCs loaded with 0.1 nM peptide (fower row) at days 2-5 of the coculture.

C. Quantification of the nmnlmc mber of €D+ T el the different days of coculture:
for immature ( and mature  DC loaded with | M pepide (T cell at day 0 =7 x

One representative of three experiments is shows

6100 106500 800

UPmC Mol de costimulation et synapse
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* Federica Benvenuti, JI 2004; Dendritic Cell Matwration Controls Adhesion, Synapse Formation, and the Duration of the Interactions with Naive T Lymphocytes
A

tubulin

g
H
£
H
H
B
= immature
c03 LFA LAT tubiin = mature

. 8"

2 » B

e - - is

s
. .

o~
peptde (nM)

DC maturation is required for effective clustering and SMAC formation at the DC-T cell contact site
Efient custering i naive T el eirs DC matraton.Confoal images showingthe istibuio of CD3, LEA_, LAT, and tbulin T cllsfoming conjugtes wi
immaturs or mture DI pulscd with 10 8 H-Y peptde. Conjugates wre formed fo 3 min,washed v imes.an ed or immunotining. . One represnttive comuzne formed
it immature DCs (upper panes) o mature DX Uower panels s shown or o o Forca ight IC image showing the two cells in
contact is shown (left panels). Note that the distribution of CD3, LFA-1, and e hnmogennm on T clls forming conjugates wit immaare Deand e conjugates formed
with mature DC. Similarly, the T cll MTOC (marked by an atow) s rorentd towardthe APCsinconjgates with maturs, but not withimmature DC. . Quanification of the
Froponio of conjgaesshovinclsiering of D3, LFA1, AT, bl te s of oo, Congaes bt i T ol d mmate o e DCs ulsed i diferent
Goven of FLY peptie were formed as in A. The mumber F conjugatespresenting clusiering t he contac rone was blindly quantifd (ee Matrias and Methods) and sxpressed s
peceniage of e toral b of onjogate anayaed (percencusteing.Number of conjugtes qunifed i s fllows 3 mmatre.n = 276, mature. < 347, LEALT immtare,
= 197: mature, n = 220; LAT, immature, : mature, n = 232: and twbulin, immature. : mature, n =
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lll. Conséquence des paramétres d’interactions T
sur la réponse immunitaire

1. Mise en place de la réponse primaire

2. Différenciation T
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Stabilité du complexe CMH-peptide
détermine la sélection clonale T

Peptide-MHC Class 11 Complex Stability Governs CD4 T Cell

Clonal Selection A
Chrstins K. Baumgarier, Andres Feraste, Mika Nagaoks, Jack Gorsk, and Praforred »
P Malherhe Features i Pecieax
c peptide amino acid sequence Tia(h)  1Cso(uM) s B | g | sun
saadss | 38
MCCssa ANERADLAAYLKQATK 06+01 423+39 piii
PCCo104 KAERADLIAYLKQATAK 47:02 21205 ..
MCCss-103 ANERADLIAYLKQATK 733+83 1.1x01 7 "3.
PCCtosc KAERADLIAYLKQATKK 22954467 0.5+0.04
I-E pocket P1 PY I ettt
FIGURE 1. Generaton of @ pepiide om0 | 55 | %o
hierarchy to sample the irsportance of
DMHCIL sability for €D T cell 5 .
clonal selction. Comparison of the
A 4 stabilityor () affmty of varous I 4 . onse
100 E binding pepides a 37°C. The lines s
represent the fit of the data 10 (4) . ove | eneee
$MCCosn o single-exponential functon or (5)
8 ©OPCCse-104 o theee purameter sigmoid function 2 . - .
3 . 2
2 mMCCes-103 from il the Wl s () o e T .
g vPCCiosk 1Cep could be determined. C.
S sequ ligned scconding 10 = &0 &0 &0 &0
g theiranchor posiions (P1, P9). Pl nd
2 PO pocket residues are i bold, Half-
® ” MCCasa
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e () e independent expernens g {
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" 53 . v
Ag-specific TCR repertoire diversity correlates directly with 8 v
PMHCI stabilivy £
To determine the clonal composition of the responding T o v
induced by peptides with varying binding half-lives with MHCIL 5 -0.77 P=0.0035
molecules. we sorted single Ag-specific CD4 Tcells (Val 'VB3* O
0 10 150 200 250
CDHCDE2L™ cells) from draining LNs 7 d after peptide im- Half-Life (h)

‘munization and se

enced their CDR3a and CDR3B regions us.
ing a singlecell RT-PCR approach. Previous studies have shown

mc Stabilité du complexe CMH-peptide
1881 PARIS détermine la sélection clonale T

B. Bellier
Peptide-MHC Class 11 Complex Stability Governs CD4 T Cell
Clonal Selection

Christina K. Baumgartner, Andrea Ferrante, Mika Nagaoka, Jack Gorski, and
Laurent P. Malherbe
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>>Preferential accumulation of high-affinity CD4 T cells with low-
stability peptides

Pmc Affinité &
1881 PARIS Dégénérescence de la reconnaissance TCR

B. Bellier

The Study of High-Affinity TCRs Reveals Duality in T
Cell Recognition of Antigen: Specificity and
Degeneracy

D Donermeyer et al; Journal of Immunology, 2006,

32 M4 M14 M15
A T

= —— HO

e - - P s
= — —_— s
e == — ATS

- " — b g
/

Peptide Concentraion M)

Degeneracy in the recognition of Hb correlates with increased affinity. CD4+ T cell
hybridomas expressing 3.L2, M4, M14, and M15 TCRs were stimulated with the indicated
peptide concentrations of Hb or APLs of Hb at the P8 (75) position using CH27 as APC. The
APLs are designated as described in Fig. 2. The level of T cell stimulation was determined
using a bioassay for IL-2. The cpm values of [3HITdR incorporation into CTLL-2 cells
represent the mean = SD of triplicate values of a representative experiment (n > 3).
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Importance des paramétres d’activation :
Génération des T mémoire

1841 PARIS!
B. Bellier
Memory Tl
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Gusrent Gpirion in Imimunology

‘The Goldilocks model of effector and memory CD8+ T-cell development. The first 24 hours following antigenic stimulation elicits a
program of expansion and differentiation that continues among daughter cells after removal of antigen. ‘Too litle’ stimulation, meaning
insufficient antigen concentration or duration, leads to limited CD8+ T-cell expansion, poor memory development and attition. Chronic
antigen exposure may cause 'too much’ stimulation, leading to a proy
deletion of antigen-specific CD8+ T cells. Optimum mermory development is favored when conditions are ‘just right’ that is, when CDB+
T cells are stimulated by a sufficient concentration of antigen for a sufficient, but not excessive period of time. Several variables, such

as the cytokine environment, TCR affiniy, type of antigen presenting cells, CD4+ T-cell help and degree of co-stimulation, modfy the

ressive loss in the ability to secrete cytokines and the eventual

ind alter the

for of a robust response. Several

factors encountered during the days following priming, including continued antigen contact, various co-stimulatory molecules, negative
regulators, cytokines, chemokines, CD4+ T-cell help and anatomical location might also have a large qualitative and quantitative
influence on the developing response. Additional factors may be important weeks and months later for memory differentiation and

maintenance.
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Susan M. Kaech & Rafi Ahmed Nature
Immunology 2001 ; Memory CD8+ T cell

Importance de la stimulation antigénique initiale:

programme de différenciation

ation: initial antigen
triggers a developmental program in naive cells

Models for proliferation and differentiation
of naive CD8+ T cells.(a) CD8+ T cell
proliferation is dependent on repeated
encounters with antigen. Each cell that is
stimulated by antigen divides and progressively
differentiates into effector CTLs and memory
CD8+ T cells with each successive cell division.
According to this model, it is essential that each
daughter cell be stimulated with antigen,
otherwise CD8+ T cell division, and possibly
differentiation, would be halted upon antigen
removal. (b) Naive CD8+ T cells are
developmentally programmed to divide at least
seven to ten times and to differentiate into
effector CTLs and long-lived functional memory
CD8+ T cells. Optimal antigenic stimulation of

Antigen-driven differentiation ©

) (224
o605

Programmed differentiation

©~©
0, oo O ‘?"E"g“;
o6 CHES
€09

(at least 7-10 cell divisions)

the parental cell triggers  this
program and the CD8+ T cells become
committed to proliferation and_differentiation
Further antigenic stimulation of the daughter
cells may increase the number of times the
activated CD8+ T cells divide, but it is
unnecessary for this developmental program to
progress.

Different T Cell Receptor Signals
Determine CD8* Memory Versus
Effector Development

Mark A, Daniels,*** Sara €. Hanilton, ™ Adam G, Schrum,
tephen C. Jameson,” £ Patmer't

Emma Teixeh
Rafael Bragads,

We generated OT-1 TCR transgenic mice expressing a
point mutation in the BTMD, where the most carboxy-
terminal tyrosine residue of the CART motif was replaced
by a leucine (CART15 YL). TCR expression on mutant T
cells was slightly decreased, but the mutant TCR-CD3
complex composition was unaltered . T cell maturation
and homeostasis in BTMD mutant mice (STMDmut) were
normal . The OT-1 and BTMDmut OT-1 TCRs recognize
the ovalbumin peptide 257 to 264 (OVAP) bound to H~
2Kb.

Using a mutant TCR transgenic model, we found that
point mutations in the TCR B transmembrane domain
(BTMD) impair the development and function of CD8"
memory T cells without aftecting primary effector T cell
responses. Mutant T cells are deficient in polarizing the
TCR and in organizing the nuclear factor B signal at the
immunological synapse. Thus, effector and memory
states of CD8" T cells are separable fates, determined by
differential TCR signaling.

>> Importance of the TCR in regulating the NF-8.
signal required for memory development. We show
here that effector and memory programming can be
dissociated by the induction of a different

of TCR signals in CD8*T cells.
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mc mTOR regulates memory CD8 T cell differentiation

Araki K & Ahmed R.
Nature. 2009 Jul
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TCR >> mTOR >> Metabolism >> Memory differenciation

U Pmc Model of SLEC and MPEC development during acute viral infection.

B. Bellier
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« Naive CD8 T cells are IL-7RN, CD122% (IL-2/158). KLRG 1% and T-bet™ and are IL-7 dependent. Early during infection, most effector CD8 T cells become

CD122 and downregulate IL-7R to an intermediate-to-low level, but expression of T-bet and KLRG is set depending on their exposure to inflammatory
cytokines (e.g. IL-12). Effector CDS T cells that are exposed to lower levels of inflammation express less T-bet (light blue cells) and begin to upregulate
IL-7R to become KLRG1* IL-TR MPECs (turquoise cells). Effector CD8 T cells that encounter higher levels of inflammatory cytokines express relatively
more T-bet and KLRG (dark blue cells), stably repress IL-TR and consequentially become KLRGI" IL-7R" SLECs. SLECs become IL-15 dependent,
however, IL-15 alone cannot support their long-term persistence or homeostatic turnover and they decline over time. In contrast, MPECs remain dually
responsive (0 IL-7 and IL-15 and preferentially develop into long-lived memory CD8 T cells that can self-renew,

Short-|
SLEC KLRG1" |L-7Rl MREC KLRG1P IL-7RN

ve effector / Memory precursor
modulation by T-bet

Day15 Day44 Day83 \Day143 Day171

3 Inflammation Directs Memory Precursor and
24% 35% 22% &

6% 5% 8% Short-Lived Effector CD8(+) T Cell Fates via the
Graded Expression of T-bet Transcription
Factor

Joshi et al, Immunity 2007
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TCR/ CMH-Ag

Cytokine
Inflammatior

«  Parameétres de |'interaction TCR/CMH-Ag

%&

- Affinité Costim \ ﬁ
- Avidité L —

- Temps contact \ l f
- Flexibilité du CMH-Ag Adapt

- Molécules adaptatrices / costimulation

o Déterminent %@%

- Activation lymphocytaire
— Différenciation lymphocytaire
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