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Innate Immunity

m First line of defense, iImmediate defense
= Day to day protection

= Only when innate defense bypassed, evaded
or overwhelmed is adaptive immunity required

= Non-specific
m Recognize pathogens in a generic way

m Does not confer long lasting or protective
Immunity to host

= Evolutionarily older, found in primitive
organisms




Innate Adaptive

Receptor characteristic immunity immunity

Specificity inherited in the genome Yes No

Expressed by all cells of a particular type
(eg, macrophages) Yes No

Triggers immediate response Yes No

Recognizes broad classes of pathogen Yes No

Interacts with a range of molecular structures of a
given type Yes No

Encoded in multiple gene segments No

Requires gene rearrangement No

Clonal distribution No

Able to discriminate between even closely related No
molecular structures

Figure 2-10 Immunebislogy, &/e. (© Garland Sgience 20405)




Innate Immunity and Inflammation

m 1) Respond rapidly to tissue damage
= physical and chemical barrier
= recruitment of immune cells to site of injury

m 2) Limit spread of infection
= identification and removal of foreign substances
= activation of the complement cascade
= activation of coagulation cascade

= 3) Initiate adaptive immune response
= antigen presentation and cytokine production

m 4) Initiate tissue repair




Innate Immunity —
Physical/Chemical Barriers

Gut Lungs Eyes/nose

Epithelial cells joined by tight junctions

Mechanical T

Movement of

Longitudinal flow of air or fluid e
mucus by cilia

Low pH Saliva
Fatty acids Enzymg

Enzymes (pepsin) (lysozyme)

Chemical

|
Antibacterial peptides

Microbiological

I Mormal flora

igure 24 part 2 of 2 Immunobiology, &/'e, D Garland Science 2005}




Breach of physical barrier -
-“resting” innate immune cells become activated to kill microbes, secrete

cytokines to recruit and activate additional leukocytes, and to promote
systemic killing and removal of microbes.

Adherence to epithelium

Local infection,
penetration of epithelium

Local infection of tissues

Adaptive immunity
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Protection against infection
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Local chemical factors
Phagocytes (especially in lung)

Wound healing induced
Antimicrobial proteins and
peptides, phagocytes, and

complement destroyinvading
microorganisms
Activation of y:6 T cells?

Complement, cylokines,
chemokines,
Phagocytes, NK cells
Activation of macrophages
Dendritic cells migrate to
lymph nodes to initiate
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Infection cleared by
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T-cell dependent macrophage
activation and cytotoxic T cells
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Innate Immunity - 15t responders
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Innate Immunity -
Monocytes/Macrophages

Monocyte -derived macrophages “large eaters ”
or histiocytes, are present in all tissues

“Sentinels ” of Immmune system - survey for
“foreign ” invaders

Foreign microbes are recognized via various
cell surface and intracellular receptors

Receptor ligation and cytokines causes
macrophage activation

Activated macrophages
Digest and present antigens from microbes

Produce chemokines, cytokines, other molecules to
recruit other immune cells




Macrophage Phagocytosis
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Phagocyte Toll receptors are stimulated by
Pathogen Associated Molecular Patterns (PAMPS)
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NOD-like receptor (NLR) proteins are intracellular
pattern recognition receptors (PRRS)

PGN from Gram-positive
or negalive bacteria
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Induced Innate Responses mediated by cytokines secreted by stimulated sentinel cells

Activated macrophages secrete
a range of cytokines
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Chemokines secreted by stimulated sentinel cells recruit additional immune cells
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Cytokine mediated vascular dilation and vascular
permeability facilitate neutrophil extravasation in to
Infected tissues

e Leukocytes move to periphery
mm%ﬁwpﬂﬂfﬁ!ﬂm of blood vessel as a result of Leukocytes extravasale at Biood clotting occurs in
of lacal small blood vessels increased expression of site of infection the microvessels
adhesion maolecules

i e

Figure 2-8 Immunobiology. /e, (© Garland Science 2045)

-Macrophage activation causes degradation of membrane phospholipids and rapid
production of prostaglandins, leukotrienes and platelet-activating factor which act
with cytokines directly on smooth muscle and endothelial cells




Cytokine induced adhesion -> cytokines and chemokines mediate
neutrophil weak and firm adhesion to vascular endot helium
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Neutrophils

m Essential to innate immunity, hallmark of acute
Inflammation

= Most prevalent WBC in blood with 50-100 billion
produced per day

= 55% bone marrow weight dedicated

= Migrate in response to IL-8, C5a, leukotrienes,
fMLP via chemotaxis

m Circulate 5.4 days, live in tissue 1-2 days

_Imit propagation of certain pathogens
_imit host damage due to inflammation

Phagocytosed by macrophages after pathogen digestion




Neutrophil NET formation

Meutrophil activation

death pathwa
LPod +1ru NADPH  NADP*+H* P ’

+20, +20,=>H,0,
s Q@
0 ™ y -

platelet

e

5 .h

IFNaty @\ =l % NADPH

+C5a @ % i oxidases
@ Microbial

GM-CSF @ \.\ Pathogens

+C5a PAD4-mediated

citrullination of
histones promotes
chromatin
decondensation

icrobial entrapment

Microbial killing
. Antimicrobial §
Proinflammatory Peptides :
effects (e.g. contact &

il it Extracellular tra
system activation) Histones P

formation




Innate Immunity -Macrophage
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Cytokines from PAMP -stimulated sentinel cells stimulate
the production of acute phase proteins, which opson 1ze a
large spectrum of pathogens bearing common pathogen
associated molecular patterns
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There are two innate mechanisms by which complement

can be activated: the lectin pathway and the altern

ative
pathway

CLASSICAL MB-LECTIN
PATHWAY PATHWAY
Antiger:antibody Mannose-binding lectin

. complexes binds mannose on
(pathogen surfaces) pathogen surfaces

"
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c4 C4
c2 c2

v
C3 convertaze

Terminal
compiement components
Csh
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()
Ch
ca

Peptide mediators Binds to complement Membrane-attack
of inflammation. raceptors on phagocytes complex, lysis of
phagocyte recruitment certain pathogens
and cells
:]pg-n:;izatiun
of pathogens

Remaoval of
immung com pexes

Figure 2-19 Immunobislogy, 6/e. [© Garland Sgience 2005)




Complement feeds forward to activate and increase
macrophage and neutrophil phagocytosis

Bacterium is coated with When only C3b binds to C5a can activate
complement by the alternative CR1, bacteria are not macrophages to

and MBL pathways phagocytosed phagocytose via CR1

Figuee 2-32 Immunobislegy, e, (S Garland Science 2005]




Complement can form the membrane attack complex,
which leads to the lysis of target pathogens

C5b binds C6 and C7
e VO er
C5h ‘

hpld bilayer

1=18 molecules of C9
bind to form a pore
in the membrane

C8 binds to the
complex and inserts
into the cell membrane

C8 molecules bind to
the complex
and polymerize

C5b67T complexes
bind to membrane
via C7

L\

C5b67
anplex

Schematic representation of
the membrane-attack
complex pore



The spread of viruses is limited by the interferon
response

Virus-infected host cells

S

Induce resistance to viral replication
in all calls

Increase MHC class | expression and
antigen presentation in all cells

Activate NK cells to kill virus-infected cells

Figure 2-48 Immunobiology, 6/e. (2 Garland Science 2005)




Viral nucleic acids stimulate the production of int erferon
by the infected cell, which mediates both autocrine and
paracrine protective responses

interferon
" response
type-l interferon
receptor

Uninfected cell

RBoxoaon
IFN-B

IFN-oa  interferon
M\//%&\&\ response

autocrine

Virus-infected cell

Figure 2.44 The Immune System, 3ed. (© Garland Science 2009)
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NK cells
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Figure 2-50 part X of 3 Immunobiclogy, 6/e. (© Garland Science 2005)




Innate Immunity and Inflammation

m 1) Respond rapidly to tissue damage
= physical and chemical barrier
= recruitment of immune cells to site of injury

m 2) Limit spread of infection
= identification and removal of foreign substances
= activation of the complement cascade
= activation of coagulation cascade

= 3) Initiate adaptive immune response
= antigen presentation and cytokine production

m 4) Initiate tissue repair




Adaptive response initiation: Antigen presentation to T cells

MNeture Rowviows | |mmunclogy



The context in which macrophage-derived dendritic cells present antigen to
T-cells determines the type of adaptive T cell response that follows

« Bacterial & Fungal infection « Cell-mediated immunity
« Autoimmunity « Autoimmunity

IL-17A

IL-17F

IL-22

IL-6, IL-23/STAT3 IFNY/STAT1
TGF- HJSMADS IL-12/STAT4A IFNT
Nalve /
CD4*
/ T cell \
L4
IL-10 IL-2/JSTATS IL-4/STATS IL-5

+ Suppression of “%’rgg I « Extracellular immunity

immune responses * Allergy & Asthma
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Hallmarks of Cancer: The Next Generation
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An Emerging Hallmark: Evading Immune Destruction

An Enabling Characteristic: Tumor-Promoting
Inflammaton




m Immune survelllance In cancer

= Carcinogen-induced tumors arise more
frequently and quickly in iImmunodeficient
mice

m Cancer cells that arise in Immunodeficient

mice are inefficient at initiating secondary
tumors in syngeneic immunocompetent mice



m Immune survelllance In cancer

= Heavy CTL and NK cell infiltration predicts
Improved outcome in several human tumors

= Immunosuppressed organ transplant
recipients develop donor-derived cancer from
ostensibly tumor-free donors



® Immune escape IN cancer

= Clinically apparent tumors variably suppress
the anti-tumor Immune response

m Tumor-associated inflammation can enhance
tumor progression



Immunoediting Normal Cells

4 s|nflammation/radiation/carcinogens/viruses

Transformed Cells

Protection *Tumor antigens/peptide-MHC I/
il MHCII cross-presentation/NKG2D

3) Escape/Tumor Progression
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Chronic Inflammation has a
known role In cancer initiation

Tobacco, asbestos - Bronchial CA

Alcohol = Hepatocellular CA, Gastric CA, Pancreatic CA
Helicobacter pylori > MALT lymphoma

Shistosoma - bladder CA

HCV - Hepatocellular CA

HPV - Cervical CA

Endogenous inflammation in inflammatory bowel disease
- Colon CA

Barrett's esophagus - Esophageal CA




-Scale largely tipped to pro-tumor
effect of macrophages in
established cancers
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Macrophage and chemotherapy

TAM modulate responses to chemotherapy

Macrophages and DCs are known to mediate “Iimmunogenic
cell death” (ICD) which some chemotherapies induce in some
tumor models

= release of “eat-me” signals (e.g. ATP and high-mobility group B1
[HMGBL1]) from dying tumor cells enhanced by some chemotherapies

= monocyte activation and enhancement of their APC capacity and
promotion of T cell responses against immunogenic tumors
Antitumor activity of some cytotoxic agents may depend on
their ability to reprogram pro-tumoral macrophages



Macrophage and chemotherapy

= TAM depletion (anti-CSF1 antibodies) enhances the efficacy of
some combination chemotherapy

= cyclophosphamide, methotrexate, and 5-fluorouracil in chemoresistant,
human breast cancer xenografts in immunodeficient mice

s Paclitaxel in iImmunocompetent mice via increased anti-tumor CD8+ T-
cell responses when macrophages were depleted
s Macrophage-derived cathepsins protect cancer cells from the
direct cytotoxic effects of several chemotherapeutics
s CathepsinB - inflammasome —2IL-1b = IL-17 - blunted chemo effect

m Macrophage-derived factors activate STAT3 in cancer stem
cells to promote chemoresistance

= Ultimate effect may depend on tumor immunogenicity,
sensitivity of macrophages to drug, and the inherent state of the
macrophages in the particular tumor



Macrophages Initiate a wound reparative
program that enhances tumor regrowth

Vascular-disrupting agents

Antiangiogenic (VDASs) Tumor
drugs M irradiation
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Potential

= [umor cell
killing
through
reactive
oxygen
species???

Neutrophil

Reality

Genotoxicity associated with neutrophil
ROS may initiate cancer

Neutrophilia, and high
neutrophil:lymphocyte (N:L) ratio
associated with poor outcome in multiple
tumor types

Promote angiogenesis

Anti-tumor T-cell suppression

Tumor cell migration, invasion and
metastasis



NK cells

= Prevent tumor progression
= Immunosurveillance - Elimination phase
= Cell stress
= Non-self (low or absent MHC I)
m Prevent tumor metastasis
= Attack tumor emboli in the lungs
= NK cell tumor targeting can be inhibited by
platelets
= “Pseudo-self”



{A)_I_Racugmtlon of tumor MHC class | (B) Missing self
cell activation ->» Evasion of T cell immunity
-> NK cell inhibition - NK activation
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- NK inhibitory ,,pseudo-self*
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MHC class | presenting activation/ 3 -
tumaor antigens costimulation
MHC class | presenting effector Tumor cell
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Oncoimmunology. 2012 July 1; 1(4): 557-559.




Summary

m Function of Innate Immunity
= 1) Respond rapidly to tissue damage
= 2) Limit spread of infection
= 3) Initiate adaptive immune response
= 4) Initiate tissue repair

= Innate Immunity in Cancer

= Neutrophils
m Promote tumor initiation
m Promote tumor spread

= Macrophages
m Pro and anti- tumor effects in tumor Initiation
= Promote tumor spread

x NK cells

= |nhibit tumor initiation
= Inhibit tumor spread



Questions?



1) What is the importance of innate Immunity In
cancer?

= A) Innate Immunity Iinitiates malignant transformation via
neutrophil-derived genotoxic stress

= B) Innate immunity eradicates transformed tumor cells
via NK recognition of non-self or cell stress

m C) Innate immunity promotes tumor spread via myeloid
cell mediated CD8+ T cell inhibition

= D) Innate iImmunity promotes tumor spread via
angiogenesis upregulation
m E) All of the above




2) Which of the following Is not a function of
Macrophages?

A) Phagocytosis and presentation of microbes or tumor-
associated antigens to T-cells

B) Upregulation of acute phase protein production and
systemic inflammatory response

C) Extrude a web of fibers composed of chromatin and
serine proteases that trap and kill microbes extracellularly

D) Promote wound healing through increased angiogenesis
E) All of the above are functions



3) Complement cascade can be activated by the
lectin pathway and the alternative pathway?

m A) True
m B) False



4) Tumor associated macrophages are mostly M2 -
polarized, which Is desirable for tumor eradication ?

m A) True
= B) False



5)Tumor infiltrating neutrophils promote tumor cell
iInvasion and metastasis via matrix
metalloproteinases ?

m A) True
m B) False



