T Cacu gdid o Jlad

Clonal selection theory: MacFarlane Burnet 1957

35 05 5T pobaisl 535 puS Camgii) yb
39 g0 puiST 9 JI2d 9 43l |) 395 polaisl 0T o)

Cawl g gk 235 348 Wlino 238 ST (sledohaw 235 S ,
(4936 ol sleal il )3) JUglS o junS 9 Oliwsl

T signaling



1wl 03V Johw O Jlod (sl ol el 95 J8la>
T Jghw 335 S 9 MHC 53 )b jI-)

| T-cell receptor complex

TCR

recognition

ol jod (sledySdo
25292 833 )5
4 90:CD3 4
S ply Jlisl

sign!ezling

APC CD4T

[ Antigen recognition
| }- complex

ol ply
(CD8 L, CD4 L ol 30) T Jgk 535,55 9 MHC s ,b Jl

T signaling



APC CDAT
[ Antigen recognition
| complex
I > b2 Co-stimulatory
' pairs
sl el
(CD8 L, CDA L ol jon) T Jskw 535 55 9 MHC 2,b I
1293 ply
S e SwS sledgSdo G20

(0258 @b e Jshw ($59.) B7 9 (T Jshw (s9,) CD28

B7-CD28

costimulator S yoo SoS ©
| T Cawgid julod 9 ST iy sl piV slaply ©

\ (a) (b)

clonal
anergy
versus clonal
expansion

(e.g., pancreatic
islet beta cell)

6

T signaling



T signaling



B7-CD28

quS-:-u“JAJ):Td,lmQ))Sdbéle)gJ)m&oS‘sbbd,lwogﬂ.@ L]

| S pmo SoS il SI€E o jSus sz b 395 0 9 0xb Jleb @
B sbcumwsis / jBs Slo - Conwgize ®

Dendritic cell

Activated

Resting

PAMPs and
cytokines

Macrophage

Activated

Resting

B lymphocyte

Resting Activated
i Class 1 1

] Class [

| MHC c080/86 ¥ e e Class 1 | Chass I1
- Class I 155 o Tace '
MHC wC  CDBO/SS i::;“ T Muc i;::: u MHC CD80/86
\S 9
Dendritic cell Macrophage B Lymphocyte
Resting Activated Resting Activated
Class| Class|
® MHC S MHC
—
"4
Class I MHC Class e
MHC MHC

Endocytosis R disted R dited
Antigen uptake| phagocytosis Phagocytosis | Phagocytosis e;eptor»n.ne late e;eptor-npe Ei

(by Langerhans cells) Shcocylosts Encocylosty
Class Il MHC Constitutive Inducible Inducible Constitutive Constitutive
expression (+++) =) (++) (++) (+++)
Co-stimulatory | Constitutive B7 Inducible B7 | Inducible B7 Inducible B7 Inducible B7
activity (+++) =) (++) =) (++)
P Naive T cells o Effector Tcells |  Effector T cells Naive T cells

cellactivation|  Effector T cells Memory T cells | Memory T cells Effector T cells
Memory T cells Memory T@ells

i

T signaling



Cell surface molecules mediate cell-cell contact
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Number of microbe-specific T cells
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Functions of Thl and Th2 Cells
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Regulation and function of T helper subtypes

Polarizing Master gene Effector Functions
cytokines regulaters cytokines
Thl IL-12 T-Bet IFN-y Enhances APC activity
IFN-y TNF Enhances T activation
IL-18 Protects against intracellular pathogens
Involved in delayed type hypersensitivity, autoimmunity
Th2 IL-4 GATA-3 IL-4IL-5 Protects against extracellular pathogens(particularly IgE
responses)
IL-13
Invelved in allergy
Tyl?  TGF-f RORYt IL-17A Protects against fungal and extracellular bacterial infections
IL-6 IL-17F Contributes to inflammation, autoimmunity
(IL-23) IL-22
Treg TGF-B FoxP3 IL-10 Inhibits inflammation
IL-2 TGF-B Inhibit antitumaor responses
Ten IL-6 Bel-6 IL-4 B-cell help in follicles and germinal
45
IL-21 IL-21 centers
Pathogens,
allergens, food e .
antigens, toxins Th 6‘.&&.\.&3&.\.‘ :J-‘Ld-‘
- -
Antigen
+ TGF-|
Polarizing -2, SFEp 1.6,
cytokines TGF-B 1.-21

Master
transcriptional
regulator
Peripheral Tpgg cell  Tyl7 cell Ty2 cell Ty cell Ty cell Tyl cell Ty22 cell
Effector IL-10, TGF-§ IL-17A, IL-17F,  IL-4, IL-5, IL-13 1IL-9 1L-4, IL-21 IFN-y, TNF IL-22
cytokines L-22 l l l l
Suppresses Combats Combats Combats Regulates Combats Combats
immune extracellular helminth extracellular affinity intracellular extracellular
Effector responses pathogens, infection, pathogens, maturation pathogens, pathogens,
functions (bacteria, activates including of germinal activates particularly
fungi) in cosinophils worms center B cells macrophages in skin
barrier tissues l l l l
“f"“-‘ in Inhibits Autoimmunity Allergy Autoimmunity Tissue Infémmarory
disease antitumor Tissue inflammation skin disease
response inflammation

23

T signaling



Sos ol gl T ot DR

(CTLS) sacus 95 sl T (slacaaws gdid

~ i) 9 v
Tc cytotoxic cell e
Granules with perforins LY lbd ’Jw) M 4

and granzymes .
o ny ool
of granules ‘5),0,:’_ o
O Jl2d eunslSe V'
<=Targetcell| pg ;)5)-93 SuS u...S ul....o<
\ | g5 MHC sledsSdo L

4

Cell death
by apoptosis

24 T signaling



25

Cytotoxdc T call
—tageteal DD Jodw s9u 1) OJ uJJT CTL cb.w TCR e

(I £95 MHC G2 b jl) 33840 (Slwlis
3gdn 50 ST ldgil )5 s ©

9 029 27) 395 ©lgize 9 (Ogawil )5 5)

ST ke 93 o sUid )5 | (Lo 3515

Target cell

Completed Polymerized
pore perforin

(b)

50

T signaling



26

(a)

Centrosome

Granule

Conjugate
formation

1 min

CTL recycling

Target

2l asls 1) ol 05T 4 Sladghe bib 139 e (s32 Dan Jshw Elpw 4 CTL —

‘WS Sgdusn “ slon 538 630 b p2 5 pa” by gy T azge 9 458 Ushow J513 4 Loy 3LE =

Fas-FasL Mediated
Cytolysis

/ FasL

T Fas

| — 0
| U[D“”* FADD

| = Procaspase-8§
\ {inactive)

Caspase-8
t:j (active)

CTl~target cell

conjugate

~30-40 min

& rearrangement
%
@ 6 min

CTL
cytoplasmic

CTL granule
exocytosis

(C9 4us) 23S0 Sl 0 44> 9 Sguine Jghuw Lz 3)l9 (ogdpy —

Cm|&|))|d,b§}aﬁ',0;&o)ﬁ53g01%

Perforin ~——_
pore forms

o
o o "

Granzyme B exits

/ X
/ \ vesicle in perforin-
/
Bid dependent process
/ \
/”
/ |
/
!”
’C Mitochondria
|
|
|
|
|
| 2
Released

} O\\h\hn me ¢

Procaspase-3
(inactive)

I ¢ ( Caspase-9 . S
L
N < )
Caspase-3 S / Apaf-1
(active) (
\

Apoptosis Active Procaspase-9

substrates apoptotic
effectors

l

Apoptosis

T signaling



CDA T cells/ CD8 T cells

Sl sblawsid 4SS 9 Oab e jl e T sladghe
| Nigduo Jo 345 0 bls 9 (5531)

]
Activation of
macrophages,
B cells, other
cells

Other cellular

sources of Effector
cyotkines CD8* T cell
: (CTL) Killing of
infected

“target cells”;
‘ macrophage
Memory activation
CDg*
T cell
Lymphoid organs Peripheral tissues
(a) Sequential ©)
L2 Naive CD8*

T cell (CTL-P)

Proliferation

Differentiation
CD28

CD80/86

LX)
Cytokines gx—g
(e.g., IL-12)

(b) Simultaneous

IL-2 @ . . Memory
Naive CD8 CTL cell

Proliferation
Differentiation

Cytokines
(e.g., 1L-12)

Tyl
Cross-presentation

TCR MHC *

class II

27

T signaling



28

(CTLs) Scus g gialea T (slacasiy il

DC by 06T Slwlids 9T b CD8T 4l oais Jlad v/

Th oS il > (10 Jokw 4w o5 v/

»Le. bumw))@gg;ub)f))umwpm‘/
(J9) O-F Jsb

bl 9 Sl v

sl 2,5 sl go,s vV

r\,)\‘l/? o

— 3 5 MHC class 11
2

e
3 a3 C
B Y
e 0 o Tyl cell

buwgi (RS gl 3dgi
23 5 TC umgail
Cod (poul SZwl
LY

Contraction of effector

T-cell population to
memory population

\ /CD8* T cell

A // CD8* T cells
proliferate and migrate
\ to infected tissue
Cytotoxic @

CD8* T cell \

e—

56

T signaling



29

Balance of

Inhibitory
(a) Tolerance vs. Activating
o signals
| N K Cel IS Inhibitory receptor MHC class I
NK-cell
inhibition
NK cell Activating Activating Healthy cell
receptor  ligand
(5] Missing self
Cytokines and cytotoxic mediators
e T
_S22°.,
e ® o
NK-cell
activation

Altered self-cell (infected,
stressed, or tumor cell)

Activated NK cell

Loss of MHC molecule expression
promotes killing of altered self-cell

(€5) Balanced signals
Cytokines and cytotoxic mediators
lryr »

NK-ccll
activation
Altered self-cell (infected,
stressed, or tumor cell) 57
Up-regulation of stress-induced ligands
promotes killing of altered self-cell

Activated NK cell

| uaL';de.o

90 st SO ST pam OBl 25 0
CD1 bawgs (53 Yo

NKT s L Jio ol sladshe 4 @
MHCI alie SLab b 51 CD1 ploxsle o

58

T signaling



