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The exquisite specificity of the Adaptive Immune Response
makes it a powerful modality for the treatment of cancer
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YOUR ACTIVE IMMUNE DEFENSES

Antigens

Foreign Viruses Baciel ia Parasiles
proteins
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A\
Adaptive Immunity
- variable (custom)

- later, highly specific
- “remembers”’ infection

Innate Immunity

- invariant (generalized)
- early, limited specificity
- the first line of defense

1. Barriers - skin, tears 1. APCs present Agto T cells
2. Phagocytes - neutrophils, 2. Activated T cells provide help to
macrophages B cells and kill abnormal and

. NK cells and mast cells
. Complement and other proteins
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3.

infected cells
B cells - produce antibody
specific for antigen



T Cells and B cells make up the
Adaptive Immune Response

| attack

invaders inside
the cells.

| attack

invaders outside
the cells.

B-Cells T-Cells
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T Cell Receptors (TCR) recognize antigen presented on the
surface of cells while B Cell Receptors (BCR, AKA antibodies)
recognize soluble antigen
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2 key features of the adaptive immune
response

e Avast array of incredibly
diverse antigen specific
receptors

e Memory, that is the ability pssI8:
to respond rapidly upon ‘
rechallenge by the same
pathogen




Generation of Diversity

 The diverse number of antigen specific TCR
and BCR are NOT encoded by germline
genes

e Rather, each receptor is generated through
recombining different combinations of
genes



Generation of Diversity through recombination
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Do the math

The human genome is presently estimated to contain 20-25 thousand genes. The

number of T-cell receptors for antigen (TCRs) that we make is estimated at 2.5 x 107; the
number of different kinds of antibody molecules (BCRs) is probably about the same.

Antibodies (BCRs)
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If there are so many different receptors how
does an effective immune response generated?
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Thus, clonal selection....

* Promotes robust, antigen specific effector
responses

e Leads to the generation of memory



B cells make antibodies

Antigen molecules

Variety of
Beellsina
lymph node

Cell growth,
division, and
differentiation

Clone of many

effector cells
secreting
antibodies

Antibody
molecules
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Basic structure of antibodies

-ab (Fab’),

FC Region

Abcam



Antibodies come in different flavors

Antibody isotypes of mammals

Name Types
IgA 2
IgD 1
IgE 1
lgG &
IgM 1

Description

Found in mucosal areas, such as the gut,
respiratory tract and urogenital tract, and
prevents colonization by pathogens. Also
found in saliva, tears, and breast milk.

Functions mainly as an antigen receptor an B

cells that have not been exposed ta antigens.

It has been shown to activate basophils and
mast cells to produce antimicrobial factors.

Binds to allergens and triggers histaming
refease from mast cells and basophils, and is
invalved in allergy. Also protects against
parasitic worms.

In its four forms, provides the majority of
antibody-based immunity against invading
pathogens, The only antibody capable of
crossing the placenta to give passive
immunity to fetus.

Expressed on the surface of Beells and ina
secratad form with very high avidity.
Eliminates pathogensin the early stages of
B cell mediated (humoral) immunity before
there is sufficient IgG.

Antibody Complexes
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Adapted from Wikipedia, the free encyclopedia.



Antibody effector mechanisms

Binding of antibodies to antigens
inactivates antigens by
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Neutralization
(blocks viral binding
sites; coats bacteria)

Agglutination
of microbes

Precipitation of
dissolved antigens

Activation of
complement system
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T cells come in Two flavors

Co-stimulation

CYTOTOXIC CD8 CELLS
Cytokines

T CELL PROLIFERATION
@ >
(@]

HELPER T CELLS
ANTIBODY RESPONSES

Co-stimulation



CD8 T cells recognize antigen presented by MHC class | and
CDA T cells recognize antigen presented by MHC class Il

target cell

antigen-presenting cell
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Wikipedia

Class | and Class Il recognition relates to
different functions of CD4 & CDS8 cells

Table 2. Characteristics of the antigen processing pathways

Characteristic

Composition of the stable peptide-MHC
complex

Types of antigen presenting cells (APC)

T lymphocytes able to respond

Origin of antigenic proteins

MHC-I pathway

Polymorphic chain a and B2 microglobulin,
peptide bound to a chain

All nucleated cells

Cytotoxic T lymphocytes (CD8+)

cytosolic proteins (mostly synthetized by
the cell; may also enter from the
extracellular medium via phagosomes)

MHC-Il pathway

Polymorphic chains a and 3, peptide binds

to both

Dendritic cells, mononuclear phagocytes, B
lymphocytes, some endothelial cells,
epithelium of thymus

Helper T lymphocytes (CD4+)

Proteins present in endosomes or
lysosomes (mostly internalized from
extracellular medium



Briefly, what is meant by MHC
restriction?

" Antigen Presenting Cell
|} 3
(HLA-BE+

Recognition Mo recognition Mo recognition



Different Types of CD4 effector cells
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CD4+ T cells “Help” B cells

Nature Reviews | Immunology



CD4+ T cells also “Help” macrophages and CD8+
CTL’s
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CD8+ T cells kill infected cells
But first they must be activated

APC stimulates effector CD4 T cell,
which in turn activates the APC

; [
activate .

MHC i
antigen-presenting cell

MHC |

g 5

Activated APC e%esses CD40 and
4-IBBL, which co-stimulates
n'aie CD8 T cell

Figure 8-26 Immunobiology, 6/e. (© Garland Science 2005)



Effector CD8+ T cells expand, kill their

targets, then die

Stimulation of naive T cell

Proliferating T cell

Active effector T cells kill
virus-infected target cells

T cell

RECOGNITION > PROLIFERATION DIFFERENTIATIO>

EFFECTOR FUNCTION

Figure 8-22 Immunobiology, 6/e. (© Garland Science 2005)




Some of the activated CD8+ T cells become long
lived memory cells
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Generalized CD8+ T cell response

Expansion Contraction Memory

Effector CTL
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Summary of T cell functions

Types of
effector T cell
Main functions i e
in adaptive || Kill virus-infected b i tion g
immune cells
especially switching responses
response to IgE
I
Wiru
fe.g. Inﬂmu. matrophage vesicles Klebsiella
Pathogens rables, vaccinia) :'Wm Helminth paeumoanioe All
i Wit e parasites Fungi (Candida e
nira aibicans)
Pneumocystis carindl)
Sacharis Extracellular
bacteria

Figure 9.1 laneway's Immunobielogy, Bed. (O Garland Science 2012)



Since the generation of diversity is a stochastic post-germline encoded
event, a critical component of the immune response must subsequently
be the ability to discern between harmful and innocuous antigens in a
tolerance process.

e Onthe one hand in order to deal with
any and all potential pathogens the
immune system generates at random a
diverse array of receptors.

On the other hand a mechanism
(tolerance) must be in place in order to
prevent these receptors from
recognizing and destroying the
organism it is designed to protect.




Does the immune system recognize Good
versus Evil or Self versus Non-self?




Shifting Paradigms

Old New
e Self-Non self  Context Models
 Antigen Driven * Circumstance
e Developmentally Driven
Determined  Determined by

milieu




Executing the Will of APC’s

Executing the Decision
Tolerogenic Immunogenic

Activated APC

The Decision




Activated APCs express costimulatory
molecules (Signal 2)

e Signal 1: Refers to T cell receptor (TCR)
recognition of antigen. Signal 1 alone leads
to anergy or deletion.

e Signal 2: Refers to costimulatory molecule
engagement (example CD28).

e Signal 1+2 leads to full T cell activation.



Consequences of Signal 1 versus Signal 1+2
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In reality Signal 2 is the sum of both
costimulatory signals AND co-inhibitory signals
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Based on what | told you how can we exploit the
Adaptive Immune Response to Kill tumors?

Vaccine to induce clonal selection and memory
response

Passively give antibodies that are directed against
tumors

Grow up large quantities of tumor-specific T cells
and then give them back to patient.

Promote the activation of APC’s (Rev up Signal 2)
Inhibit/ destroy regulatory cells
Block co-inhibitory signals (Checkpoint Blockade)
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