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Learning Objectives

By the end of this lecture you will be able
to:

(D Understand the mechanisms of T cell activation

(@ Understand the mechanisms of T cell killing

@ Understand the mechanisms of NK cell Killing



Cell-Mediated Immunity

CD8 T cells: peptide + MHC class |

* Immune response designed to
detect and kill infected or

Cytotoxic (killer) T cells

diseased cells

kill

* Antigen specific response:
— Mediated by Cytotoxic T

lymphocytes (CTL)

* Non-specific response:
— Mediated by NK cells




Activation of CTL

Figure 8.1 The Immune System, 3ed. (© Garland Science 2009)



Activation of CTL

 CD8* T cells encounter
antigen presented by
APCs on MHC-1

* Activated CD8* T cells
by 3-signal model
become CTL

APCs deliver three kinds of
signals to naive T cells

Survival

Differentiation

aneway’s Immunobiology, 8ed. (© Garland Science 2012)



Activation of CTL  —hiosimec™

* CD4* T cells stimulate
APCs to express co-
stimulatory molecules to DU n e
enhance CTL activation
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Stimulation of APC through CD40
increases B7 and 4-IBBL, which
co-stimulates naive CD8 T cell
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Figure 9.27 Janeway’s Inmunobiology, 8ed. (© Garland Science 2012)

* CD4+ T cells (T,l) are
crucial to induce CTL
proliferation




Activation of CTL

Resting T cells express only a
moderate-affinity IL-2 receptor
(IL-2R B and <y chains only)

* Naive T cells express
moderate-affinity IL-2R

¥’ moderate-
\ affinity
IL-2 receptor
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¢ AC'l'in‘l'ed T Cells epr‘eSS Activated T)e{ls express a

high-affinity IL-2 receptor (IL-2Rq,

hig h-afﬁ n i'l'y IL-ZR B and vy chains) and secrete IL-2

« Stimulation of IL-2R by
IL-2 induces the

expression of IL-2 and
IL-2R




Naive T cell

moderate affinity

Activated T cell

high affinity

receptor

Figure 9.20 Janeway’s Inmunobiology, 8ed. (© Garland Science 2012)
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 Stimulation of IL-2R by IL-2
induces T cell proliferation in
the lymph node

Mature dendritic cells
enter the lymph node
from infected tissues and
can transfer some
antigens to resident
dendritic cells

B7-positive dendritic
cells stimulate naive
T cells

mature Langerhans cell

resident dendritic cell

Figure 9.21 part 2 of 2 Janeway’s Imnmunobiology, 8ed. (© Garlan



Cytotoxic T Cell Killing

Activated CTLs do not require co-stimulatory
signal

Active effector T cells recognize
and kill virus-infected target cells
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Figure 8.23 The Immune System, 3ed. (© Garland Science 2009)

Stimulation of naive T cell Proliferating T cell

IL-2




Cytotoxic T Cell Killing

» Cytotoxic T cells Kill their
target cells by inducing S
apoptosis toxins

@ Apoptosis from the release of
cytotoxins (perforins and
granzymes)

@ Apoptosis from cell-surface
signalling through Fas-Fas ligand

) : virus-infected
interaction

cell



Cytotoxins release

Collision and nonspecific adhesion

* T cell organelles
rearrange and orient
toward target cell
Killing

N
Specific recognition redistributes cytoskel-
eton and cytoplasmic components of T cell

* Degranulation of CTL
leads to the release of
perforins and
granzymes

Figure 8-32 Immunobiology, 7ed. (© Garland Science 2008)



Perforin
monomers
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* Perforins are proteins /
that get released upon
conjugation of CTL with ®
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* Perforins polymerize on
the surface of target
cells, which will open
holes to facilitate
granzymes intracellular
transfer




Granzymes

* Granzymes are enZYMES found in
the GRANules of CD8* T cells

e Granzyme A causes the release of
cytochrome C which activates
caspase 9

« Granzyme B causes the activation of
caspase 3

Engagement of TCR by peptide:MHC
complex causes directed release
of perforin and granzymes
complexed with serglycin
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Granzyme is delivered into the
cytosol of infected cell and targets
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mitochondrial outer membrane,
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ICAD, releasing caspase-activated
DNase (CAD)

( cytochrome ¢ B
Y,
O oW tBID ‘.’ CAD
> caspase-3

g =

Release of cy}éhrome cinto
cytosol activates apoptosis, and
CAD induces DNA fragmentation

f 0o o \

5 oo/}%. cleaved ICAD 0;:4
DNA
e € x xaxN




Fas-Fas Ligand Interaction

* Fas (CD95)-FasL interaction leads to the activation of
caspase 8

 Important for Activation-Induced Cell Death (AICD)

Clustering of the death domains The clustered death effector
Trimeric Fas ligand (FasL) binds (DD) in the Fas cytoplasmic domains (DED) of FADD recruit
to and trimerizes Fas domains allows Fas to recruit pro-caspase 8 via similar
FADD via its death domain DEDs in the pro-caspase

/
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UUUl domain
death
effector pro-caspase 8

domain (DED)
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Figure 7.30 Janeway’s Inmunobiology, 8ed. (© Garland Science 2012)



Effector Phase of CTL

* Cell-mediated Killing comprises 4 steps:

1-Conjugate formation 2-Membrane attack
3-CTL dissociation 4-Target cell destruction
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Cytotoxic T Cell Killing

* One CTL kills more than one infected cell

* Activated CTLs do not require co-stimulatory
signal
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Figure 8.30 The Immune System, 3ed. (© Garland Science 2009)




Other functions of T,1 cells

Activated T,1 cell
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Activates
macrophage
to destroy
engulfed bacteria

Kills chronically
infected cells,
releasing bacteria
to be destroyed by
fresh macrophages

Induces T-cell
proliferation,
increasing numbers
of effector cells

Induces macrophage
differentiation
in the bone marrow

Activates
endothelium to
induce macrophage
binding and exit
from blood vessel at
site of infection

Causes
macrophages to
accumulate at site
of infection

Figure 9.42 Janeway’s Inmunobiology, 8ed. (© Garland Science 2012)




Natural Killer Cells

* NK cells are part of
the innate immune
system

* They are large
granular lymphocytes
that display cytotoxic
activity against
tumors and some
viruses
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Natural Killer Cells

* NK cells express a receptor (CD16) that recognizes a
specific region in the antibody molecule

* Antibodies can attach to this receptor and stimulate NK cell
activity leading to a process known as antibody-dependent
cell-mediated toxicity (ADCC)

Cross-linking of Fc receptors
signals the NK cell to kill
the target cell

Target cell dies
by apoptosis

Antibody binds antigens on Fc receptors on NK cells
the surface of target cells recognize bound antibody
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Figure 10.36 Janeway’s Immunobiology, 8ed. (© Garland Science 2012)



Relationship between NK and
CTL

Production NK-cell- T-cell-
of IFN-q, mediated mediated
IFN-B, TNF-o, killing of killing of

and IL-12 infected cells infected cells

Virus titer

1 2 3 4 5 6 7 8 9 10
Time after viral infection (days)

Figure 2-55 Immunobiology, 7ed. (© Garland Science 2008)



You are now able to:

v"Understand the mechanisms of T cell activation
v"Understand the mechanisms of T cell killing

v Understand the mechanisms of NK cell Killing



