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Terminology

* Immunology — study of
host defense systems

* Immunity — ability of the
host to protect itself
against foreign organisms

* Immune system — tissues,
cells, molecules mounting
an immune response

| I'M FED UP WITH THIS 6UY -
~ LET'S BECOME PATHOGENIC




Types of immunity

* Innate — aka natural immunity — general protection
- external barriers such as skin, always present and
ready

* Passive immunity — ‘borrowed” immunity — short
lasting such as antibodies in breast milk

* Adaptive immunity — aka active immunity —
activated by pathogens - develops through lifetime
via exposure to pathogens or vaccination — involves
lymphocytes




Innate and adaptive immunity

Microbe
g Innate immunity ‘Adaptive immunity

* Epithelial B lymphocytes

i barriers
S

Phagocytes Dendritic
o cells

&
Complement NK cells
L. Hours 7/ Days

0 6 12 1
Time after infection «

3 5
-
___ mmate | Acquired

First line of defense, generalized Customized and highly specific

Antibodies

#_p

Effector T cells

T lymphocytes

Barriers — skin, tears, phagocytes, Antigen presenting cells, T cells, B cells,
macrophages, NK cells, mast cells, antibodies and immunity
complement
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Memory No Yes
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| Adaptive lmmunity|
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Humoral immunity Cell-mediated immunity
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Immune cells are derived from stem
cells in the bone marrow
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Pluripotent hematopoietic
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Granulocytes

Short-lived cells that possess granules containing degradative
enzymes and anti-microbial substances
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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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Phagocytosis

Phagosome forming  Lysosome  Damage and digestion

Phagocytosis Lysosome Release of
fusion microbial products

Roitt |, Brostoff J, Male D, Immunology, Moshby, 2001
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Lymphocytes

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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T — lymphocytes

-involved in cell mediated immunity

Mature and migrate to lymphoid organs to
await contact with antigens

Two Types: CD4 and CD8

Co-stimulation

CYTOTOXIC CD8 CELLS

HELPER T CELLS
ANTIBOOY RESPONSES

Co-stimulation



B lymphocytes

— involved in humoral immunity

* Respond to antigen stimulation to produce
antibodies - antibodies produce immunity
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Major roles of the immune system

Pathogens — organisms that cause disease — bacteria, i| |‘ ;

viruses, fungi, and prions A

Cancer - aberrant uncontrolled growth and spread of
what was originally normal cells with gene
mutations, oncogenes and abnormal growth
signaling pathways

Fight and protect agamst




Immune system challenges

Many varieties and types to
infect us

Usually antigens (identifiers)
appear different but —some
pathogens (eg viruses) invade
normal cells and use them to
propagate and grow and take
over

Possibility of mutating or
changing

Potential in hiding from the
immune system or responses
to cause chronic infection

Many or most of our cells in
the body can become
cancerous

Similar to normal cells and
many of the same identifiers
as normal cells or tissues

Possibility of mutating or
changing

Potential in hiding from the
immune system or responses
to continue growth



Infectious agents first activate innate immune
cells resulting in an inflammatory response
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Bacteria trigger Vasodilation and Inflammatory cells
macrophages to increased vascular migrate into tissue,

release cytokines and permeability cause releasing inflammatory
chemokines redness, heat and swelling mediators that cause pain
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Cytokines | | \\\protein
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Cytokines are proteins that immune cells use to communicate/regulate other
immune cells, not all cytokines are inflammatory
Csite >

Chemokines are a group of cytokines that attract other immmune cells m)
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Innate responses are initiated upon recognition of
“danger signals” by pattern recognition receptors (PRRs)

Macrophages express receptors
for many microbial constituents

N

LPS receptor
(CD14)

DN
Mannose
receptor

TLR-2 TLR-4
Glucan € Scavenger
receptor receptor

“Danger signals”

» Pathogen-associated
molecular patterns (PAMPS)
— Bacteria proteins
— viral DNA/RNA

« Damage-associated
molecular patterns (DAMPS)
— Products of dying cells

Types of PRRs

* Toll-like receptors (TLR)

» C-type lectin receptors

* NOD-like receptors (NLRs)
» RIG-I-like receptors

Receptors can be on the
cell surface or intracellular

(NLRs) Csitc >
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Antigen processing and presentation

Professional APCs present Ag to naive T cells and induce activation

Dendritic cell Macrophage B lymphocyte

Immature DCs very Mature DCs very
efficient at Ag processing > efficient at Ag presentation
(in tissues) (in LNs) Csitc >
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T cell receptors (TCRs) recognize processed
proteins presented by MHC
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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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The immune system needs to recognize self versus non-self
e CD8T cells recognize antigen presented by MHC class |
e CDAT cells recognize antigen presented by MHC class Il

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

target cell antigen-preseW
9 as aﬂ cDs

antigen-——

B2-

microglobulin

T-cell
receptor

CDS8 T cell CD4 T cell

Figure 5.14 The Immune System, 3ed. (© Garland Science 2009)

http://coursel.winona.edu/kbates/Immunology/Chapter5-09.htm



MHC Class | presents
peptide antigens to CD8 T cells
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Major Histocompatibility Complex (MHC) Class |

* Expressed by all nucleated cells

* Presents peptides derived from endogenous proteins (sitQ
« MHC Class | proteins are also recognized by NK cells m)
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MHC Class Il presents antigens to CD4 T cells
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Major Histocompatibility Complex (MHC) Class Il
* Typically expressed by professional APCs (ﬁp
* Presents peptides derived from exogenous proteins m)
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Lymphocyte activation

Pool of mature naive lymphocytes

9 @ 9 Cells that recognize

Naive specific Ag are

Foreign antigen Very rare
J L
Proliferation and differentiation of activated
specific lymphocytes to form a clone of effector cells

Peoeeee9e ..
Activated or - - = - = — « Expansion

effectors .  Acquisition of
Effector cells eliminate antigen effector functions

What happens to T cells and B cells
after immune response?

U Csitc >
Differentiate into long-lived memory lymphocytes NIH Y

CANCER
INSTITUTE



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 >



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
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Removal of potentlally self-reactive
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immature lymphocytes by clonal deletion

Self antigens Self antigens
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Circulating mature naive cells

Generation of
vast pool of cells

* Immature cells
(non-functional)

Elimination of cells that
can recognize self Ags

* One barrier to inducing
responses against tumor cells

Mechanism of central tolerance
* Circulating mature

naive cells Csitc >



Effector mechanisms of adaptive immunity

CD8+ T cells
(Cytotoxic T cells)

CD4+ T cells
(Helper T cells)

e

Cytotoxic T cell recognizes complex of viral
peptide with MHC Class | and kills infected cell

N

Killing

Infected

F
o

TCR

Class |

-
Helper T cell recognizes complex of antigenic

peptide with MHC Class Il and activates B cell

Activation

TCR

Class I

Produce proteins that
lyse cells

Different subtypes:
Th1, Th2, Th17, Tregs
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Cytotoxic T cell Activation and Action

A7 MHCL TCR
1. Antigen y . Immature
recognition 4 ) cytatouds
/ l . T‘."
Q -)

Antigen - v \
2. Clonal selection

Activated cytotoxic T cells Memory T cells
3. Lethal hit

w . Target cell dies

Infected/cancer ™%
target cell

http://intranet.tdmu.edu.ua/data/kafedra/internal/in_mow/classes_stud/uk/med/lik/ptn



ADAPTIVE RESPONSE
Humoral response " L BN Cellular response

memory
cytotoxic

T cells

otoxic
cells

nons cific
killers

(Source: the Human Immune Response System www. Uta.edu/chagas/images/immunSys. jpg)



Effector mechanisms of adaptive immunity

T

Specific antibody
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Bacterial toxins

Bacteria in
extracellular space
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B Cells

Ab function:

* Neutralize

* Block protein functions

* Promote engulfement

* Induce complement-
mediated cell lysis

Different classes
(isotypes) of Ab
* IgM

* 1gG

 IgE

* IgA
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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)

Csitc >
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Significance of immunological memory

Primary response Secondary response
n A . : :
e Naive Effector : Memory
L>>. ' i
o
L
e High-affinity
> antibodies
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S antibodies
pS
Q
Qo
=
=)
< ' : >
: ! ! Time
First exposure to Second exposure to
antigen antigen
* Typically expressed by professional APCs (/sitg)
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Phases of adaptive immune responses.

Recognition Activation Effector Decline
phase phase phase | |(homeostasis)| Memory
Antibody-
producir):g?}( Effector T Elimination
cell @ lymphocyte of antigens
Differentiation | "L 1 l
' ' Humoral | -
| |immunity|
|
i Cell-mediated ?n‘g:’r',‘gr’;,g
gen immuni
presenting Clonal ty Apoptosis cells
cel expansion A Q Q

Time after antigen exposure
W.B. Saunders Company items and derived items copyright © 2002 by W.B. Saunders Company.



Immune responses can be beneficial or harmful

1 N
Effect of response to antigen
Antigen
Normal response Deficient response
Infectious agent Protective immunity Recurrent infection

Innocuous substance Allergy No response

Grafted organ Rejection Acceptance

Self organ Autoimmunity Self tolerance
Tumor Tumor immunity Cancer

Effectiveness of mechanisms mediating immune tolerance and regulation (?it‘g}
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Immune surveillance and immunoediting

Immune surveillance

* immune system cells —
lymphocytes recognize
and eliminate
transformed cells

Immunoediting

e tumor cells change
Immunogenicity to
produce immune-
resistant variants




The Three ‘E’s of Immunoediting

The immune system controls tumor quantity
as well as tumor quality

Elimination Equilibrium Escape

Genetic instability/tumor
heterogeneity

| I |

mmune selection

Dunn GP, et al. Nat Immuno. 2002;3:991-998. Schreiber R, et al. Science. 2011;331:1565-1570.
Mittal D, et al. Curr Opin Immunol. 2014;27:16-25.




How does the immune system
recognize cancers?

* Tumor associated antigens — targets for tumor

specific T cell response that rejects the tumor

* Tumor specific mutated molecules

* Molecules only in germline cells or
differentiation antigens only in particular tissues

* Abnormal overexpression of antigen with
respect to normal cells

* Abnormal protein modification

* Oncoviral protein antigen in virus-associated
tumor



Antigen T-cell
presentation response

Immunization

Antigen
processing

Antigen Dendritic
uptake cells Effector T-cell
{} responses
. Tumour Cytotoxic
Dendritic cell {} antigen T cell
maturation {.}
i PD-1
g @ m’ Regulatory T-cell
ﬁ @ responses

T-cell
infiltration and
killing

* .
‘ - Q‘Oe Immunosuppression
A~ NG e *

— PD-L1

Mellman et. al. Nature 480, 480-489. 22 December 2011



Trafficking of
T cells to tumors

@ (CTLs)

Priming and activation

(APCs & T cells) @

@ Infiltration of T cells
into tumors

lymph node

Cancer antigen
o @

presentation
(dendritic cells/ APCs) @
Recognition of
cancer cells by T cells
(CTLs, cancer cells)

Release of @ ®

(cancer cell death) (Immune and cancer cells)

Dan Chen and Ira Mellman. Immunity. 39, July 23, 2013.

(CTLs, endothelial cells)




Immunotherapy

* Treatment of disease by inducing, enhancing or
suppressing an immune response

* Harness and augment anti-tumor responses to
treat cancer

* Passive immunotherapy
* does not engage adaptive response, fast, transient
e cytokines, antibodies, T cells

e Active immunotherapy
* Engages adaptive immune response
* Slow, delayed onset
* Life-long immunologic memory
* vaccines




Priming and
activation

CD28/B7.1
CD137/CD137L
OX40/0X40L
CD27/CD70
HVEM

GITR

IL-2

IL-12

CTLA4/BT 1
PD-L1/PD-1
PD-L1/B7 A
prostaglandins

Cancer antigen
presentation

TNF-a @
IL-1

IFN-0
CD40L/CDA0
CDN

ATP

HMGE1
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IL-10
IL-4
IL-13

L

B Stimulatory factors
M Inhibitors

fymph node

Release of

cancer cell antigens

Immunogenic cell death

Tolergenic cell death

Trafficking of

T cells to tumors

CX3CL1
CXCL9
CXCL10
CCL5

Infiltration of T cells
into tumors

LFA1/1CAMA
Selectins

VEGF
Endothelin B receptor

Recognition of
cancer cells by T cells

CG) T cell receptor

Reduced pMHC on cancer cells

IFN-y

IDO
TGF-p
BTLA

VISTA

Killing of cancer cells

T cell granule content

FD-L1/PD-1
FD-L1/BT .1

LAG-3

Arginase
MICA/MICE

B7-H4
TIM-3/phospholipids

Dan Chen and Ira Mellman. Immunity. 39, July 23, 2013.




