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What is Immunology?

 Study of body’ s immunity (defense) against
invaders

— External (viruses, bacteria, etc.)
— Internal (tumors, self)

* Divided into two major functions

— Afferent arm (“recognition”)
— Efferent arm (“effector functions”)



Thucydides, 460-395, B.C.

Historian

Philosopher

General

First to foster ‘cause and effect’
relationships and use evidence
to document facts

First to notice that people
exposed to plague were
“protected” or “immune”
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18t Century and Vaccination
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19t Century and the microscope

Microbes
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Lymphoid Organs

* Primary (central)
— Sites of cell maturation

Right

— Thymus (T cells) hymphati
— Bone marrow (B cells) Thymus

« Secondary (peripheral)
— Sites of cell interaction with antigps

Vfll.arge

- Lymph nOdeS intestine
_ S p I een Appendix
— ALTs (MALT, GALT, CALT)

* Lymphatic system
— Site of fluid recycling il I\ N—
— Method of immune cell transport

Kuby IMMUNOLOGY, Sixth Edition
© 2007 W.H.Freeman and Company



Myeloid cells
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* Derived from a
common progenitor

» Comprises most
of the cells of
the innate
immune system

* Functional maturation
may happen in tissue
in response to danger
signals

.
Csitc >
m) NATIONAL

CANCER
INSTITUTE



Phagocytes

Neutrophils, macrophages and dendritic cells

Macrophage
N ¥ "
b : o 1 1° Phagocytosis
. and activation of
o bactericidal _ o
mechanisms Reside in tissues
2° Antigen
presentation
\ ,
i Dendritic cell )
Main role is not clearance
of pathogen but rather
1° Antigen . . .
presentation immune cell activation;
98 Anfiger uptaks patrolllng population in lymphoid
tissues as well as
) non-lymphoid tissues

Dendritic cells and macrophages are two types of professional (sTgQ
antigen presenting cells (APCs) ()
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Function of Myeloid Cells:
Antlgen Presenting Cells




DCs are important for initiating adaptive
iImmune responses

Immature dendritic cells
reside in peripheral tissues

Dendritic cells migrate
via lymphatic vessels to
regional lymph nodes

Mature dendritic cells
activate naive T cells
in lymphoid organs
such as lymph nodes
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Antigen processing and presentation

protein

MHC class |




Major Histocompatability Complex
(MHC) molecules

CD8 binds the a; domain of MHC class | | |CD4 binds the B, domain of MHC class II

\targ‘ey antigen-preseW

5/ 0
microglobulin
antigen _;9%

T-cell
receptor

al B

CDS8 T cell CD4 T cell

igure 5.14 The Immune System, 3ed. (© Garland Science 2009)
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B cells

 Produce antibodies (Ab)
that bind proteins

T cells

* Change antigens
to peptides

Natural Killer (NK) cells

* Kill tumor and
virus-infected cells

« Kill antibody-coated cells

* Play dominant role in
mediating ADCC in vivo

Adaptive
(recognize very
specific antigens)

Innate
(recognize
general features)
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Lymphocyte Clonal Selection

Generating lymphocytes that each have
a unique specificity

A single progenitor cell gives rise to a large number
of lymphocytes, each with a different specificity

Generation of
vast pool of cells

* Immature cells
(non-functional)

Elimination of cells that
can recognize self Ags

* One barrier to inducing
Self antigens Self antigens responses against tumor cells

Pool of mature naive lymphocytes

\1\% {'TT} Mechanism of central tolerance
B——Foreign antigen » Circulating mature )
. naive cells Csitc D>

Circulating mature naive cells
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Result of Antigen Recognition:
Clonal Expansion

Bone marrow Peripheral lymphoid tissue

Memory cell

Anﬂbody

/_’ Qi <<m

Antlgen % . =

Mature Mature
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Maturation into mature Antigen-dependent proliferation and
antigenetically committed B cells differentiation into plasma and memory cells
Figure 1-12

Kuby IMMUNOLOGY, Sixth Edition
© 2007 W.H.Freeman and Company




Kinetics of the Immune Response

Secondary response




Antibody Structure and Function

variable regions

{antigen-binding siles)

constant region
{elfector lunchon)




Antibody classes and activity
— 1gG
— IgM
— IgA
— IgD

— IgE




Antigen recognition by antibodies

Ab recognizes portions of proteins in native structures, not
processed proteins (may not be continuous portion of protein)

Antibody (Ab)

> } Antigen (Ag)
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Antigen receptors

Antibody (Ab)

T cell receptor (TCR)

Schematic structure of an
antibody molecule

Schematic structure of the
T cell receptor

Variable region
(antigen-binding site)

Constant region
(effector function)

5000600000000 000000000000000000000080000e000000000000000000000000000080000000000000000

S0E0000EEE000E00000000NEEEE0E0000E0000E00000RETREI0000E00RRRINEEI000NIERIEEE0REIEROIEE

Cell surface and secreted
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T cell receptors (TCRs) recognize processed
proteins presented by MHC

- - R 4 - P
The epitopes recognized The antigen must first The epitope peptide The T cell receptor binds
by T cell receptors be broken down into binds to a self molecule, to MHC molecule and
are often buried peptide fragments and MHC molecule epitope peptide complex
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Three major T cell
categories

* Cytotoxic T cells (CD3+CD8+)
» Recognize and kill infected (virus, tumor) cells
* Recognize antigen presented by MHC-I

* Helper T cells (CD3+CD4+CD25-)

« Help activate other cell types (B cells, cytotoxic T cells and
macrophages)

« Recognize antigen presented my MHC-II
* Th1l helps cytotoxic T cells (cell-mediated immunity)
* Th2 helps B cells (humoral immunity)

* Regulatory T cells (CD3+CD4+CD25+FoxP3+)

* Regulate (suppress) the action of other cells



T cells

B cells

Lymphocyte activation

Antigen receptor binding and
co-stimulation of T cell by dendritic cell

Mature
dendritic
cell

{ b

Antigen receptor binding and
activation of B cell by T cell

Activation of T and B cells
requirees stimulation via:
» Antigen receptor
(Signal 1)
» Costimulatory molecules
(Signal 2)

Absence of
co-stimulation leads to
unresponsiveness

U

Peripheral tolerance
Csitc >



Co-stimulation regulates
T cell activation

l:. |' T call | .:l | | T cell | | l:. | T call || I:I

Apoptosis Fraoliferaticn Cell-cycle arrest
Anerdy Dlifferentiation
Effectar furcticn

Alegre, Nature Rev, 2001



T cell life cycle

Activated T cell Exhausted T cell
PD-1 PD-1
# PD-1
PD-1 . L i

Courtesy BMS



PD-1:PD-L1 Interactions

Courtesy BMS



Programmed cell death 1 (PD-1) and
PD-ligand 1 (PD-L1)

| Tumor Cell

PD-L1
Inhibition




Natural Killer (NK) Cells

Proliferative
potential
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Innate Immunity

Cytoplasm
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* Toll-like receptors (TLRs)



Attributes of cytokines

 Pleiotropic
* One cytokine has different actions on different
target cells

* Redundant

e Two or more cytokines can mediate the same

fu NCtl Target Cell Effect
REDUNDANCY

Proliferation




Key Features of the Immune System

* Discrimination: self vs. foreign
e Specificity: single antigenic determinant (epitope)
* Memory: primary and secondary response
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Functions of the Immune System

Innate Immune Response

* First line of defense

e Barriers (e.g. skin, Gl tract)
* Responds within hours

* Limited specificity

* Primary response only

* Phagocytes, NK cells

e Uses pathogen-associated
molecular patterns (PAMPs)

Adaptive Immune Response

* Second line of defense

e Adapts to invader(s)
 Responds within days

* Highly diverse

* Secondary response (memory)
 Tcells, B cells

e Uses antigen-specific antibodies
and T cell receptors



The Immune System Is All About
“Checks and Balances”

Tumor Regression
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IL = Interleukin; TNF = tumor necrosis factor; TGF = fransforming growth factor.

DeNardo et al, 2010.
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The Cancer-Immunity Cycle

Trafficking of
T cells to tumors
(CTLs)

Priming and activation (X J
(APCs & Tcells) /~ @ @
/ o/ LN e

\ Ol Q/ Soen 9 = Infiltration of T cells

vessel ( 9 9
‘_ng* < (CTLs, endothelial cells)
lymph node @ /

Cancer antigen /'~
presentation 3
(dendritic cells/ APCs)
Recognition of
cancer cells by T cells
(CTLs, cancer cells)

Release of o
cancer cell antigens Killing of cancer cells
(cancer cell death) (Immune and cancer cells)

Chen and Mellman Immunity 2013



Tumor Microenvironment

Hematopoetic origin
« Granulocyte * Mastcell eBcell ¢Macrophage ¢CTL T,y ©Dendritic cell ¢ MDSC Suppressive mechanisms

* Eosinophil \ X
* NK cell . (;D MDSC cell
* Platelet . g * Secretion of NO, arginase and ROS

- 5 ' p * Sequestration of cysteine
% > ; p » * Impaired differentiation
J . AF, * Defective antigen presentation
v 4 y . 1 L
R 7 - AP

T cell

» Secretion of suppressive =
cytokines (TGF-, IL-10)

* Sink for IL-2, IL-7, IL-12, and IL-15

* Impaired activation of CTLs

¥

* M2 differentiation/cytokine profile
» Defective antigen presentation

* Lack of costimulation for T cells
* Impaired tumorocidal activity

Macrophage

. BTl
Dendritic cell ¥
* IDO expression; induction of Tregs
* Impaired maturation
» Defective antigen presentation
* Lack of costimulation for T cells

Tumor o - \9 @
microenvironment \ & ; y Cancer cell

* Loss of MHC class | and antigen
Vascular processing machinery

endothelium « Antigen loss variants
* Secretion of VEGF, GM-CSF,

N
: R G-CSF and gangliosides
|: * Pericyte _/ ,
Mesenchymal origin | | Fibroblast

© 2012 American Association for Cancer Research

Cancer Research Reviews

Kerkar S P, Restifo N P Cancer Res 2012;72:3125-3130



Major Approaches to
Cancer Immunotherapy

Other Strategies

in Development
-‘Oncolytic Viruses
(Talimogene
laherparepvec;T-VEC)
Adoptive T cell therapy
Vaccines

Cytokines
- Interferon-a

Interleukin-2
Modified IL-2

T cell Checkpoint

Inhibitors:
‘Ipilimumab (a-CTLA-4)
‘Pembrolizumab (a-PD1)

Nivolumab (a-PD1)
Atezolizumab (a-PD-L1)




Current approaches to cancer therapy
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Conclusions

The immune system protects the host against internal and external danger
(e.g. pathogens, cancers) and has three major features

— Discrimination
— Specificity
— Memory

The immune system utilizes a series of cells and molecular factors to
communicate:

— Recognition
— Effector functions
There are two major types of immunity
— Innate
— Adaptive
The immune system has a system of check and balances
— Activation
— Suppression
The immune system can be used to treat cancer (“immunotherapy”)



