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General Features and Specificity of Innate Immune Responses Zgaeahl\ doe Ual) llaiidl dalal) (ailadl)y 3\,.\93.\1\

Innate immunity Adaptive immunity
Specificity ' For structures shared by classes of microbes ' For structural detail of microbial
(pathogen-associated molecular patterns) molecules (antigens); may
. or damaged cells (damage-associated recognize nonmicrobial antigens

' molecular patterns)

Different r Different
mlcrobes——-‘; Z ; microbes{ % Q?
Identical ——{
mannose - Distinct
receptors antibody

molecules

Receptors Encoded in germline; limited diversity ' Encoded by genes produced by
(pattern recognition receptors) somatic recombination of gene
segments; greater diversity

o B &

[SEALRE [1h TeXeTalaRy  wXNETe ] TCR
scosafee o

N-formyl  Mannose Scavenger : 0060 ¢ o0

peptide  rocentor receptor
receptor  receptor o P

Distribution } N?nc::ma:: t::ientical :eceptors on C!g\ng!: tci:k::tnes of | mphocyles
- all cells of the same lineage with distinct specificities express
of receptors g different receptors

Discrimination | Yes: healthy host cells are not recognized or | Yes; based on selection against

of normal self | they may express molecules that prevent self-reactive lymphocytes; may

and nonself innate immune reactions be imperfect (giving rise to
autoimmunity)




TABLE 4-3 Pattern Recognition Molecules of the Innate immune System

Pattern Recognition Receptors Location Specific Examples PAMP/DAMP Ligands

Cell-Associated

Toll-like receptors (TLRs) Plasma membrane and endosomal  TLAs 18 Vanous microbial molecules mcluding
membranes of dendritic cells, bacterial LPS and peptidogiycans,
phagocytes, B cells, endothelial viral nucleic acids
cells, and many other cell types

NOD-fike receptors (NLRs) Cytosol of phagocytes, epithelial NOD1/2 Bactenial cell wall peptidoglycans
cells, and other cells NLRP family inflammasomes}  Intracellular crystals {urate, sidical;

changes in cytosclic ATP and ion
concentrations; lysosomal damage

RIG-like receptors (RLRs) Cytosol of phagocytes and othar RIG-1, MDA-S Virel RNA

s o e

Cytosolic DNA sensors Cytosol of many cell types AIMZ; STING-associated Bacterial and viral DNA

{CDSs) CDSs

C-type lectin-fike receptors (CLRs]  Plasma membranes of phagocytes ~ Mannosa receptor Microbial surface carbobydrates with

oo terminal mannose and fructose

‘§=§=‘ Dectin Glucans present in fungal cell walls

Scavenger receplors Plasma membranes of phagocytes  CD36 Microbial diacylglycendes

+E

A
>0
N-Formyl met-leu-phe receptors Plasma membranes of phagocytes  FPR and FPRLY Peptides containing N-formylmethionyl

residues



Soluble

Pentraxins Plasma C-reactive protain Microbial phosphorylcholine and phos-
i phatidylethanolamine

Collectins Plasma Mannose-binding lectin Carbohydrates with terminal mannose

and fructose
Alveaoli Surfactant proteins SP-A and Various microbial structures
SP-D

Ficolins Plasma Ficolin N-Acetylglucosamine and lipoteichoic
acid components of the cell walls of
gram-positive bactena

Complement Plasma Various complement proteins Microbial surfaces
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Soluble

Pentraxins Plasma C-reactive protain Microbial phosphorylcholine and phos-
i phatidylethanolamine

Collectins Plasma Mannose-binding lectin Carbohydrates with terminal mannose

and fructose
Alveaoli Surfactant proteins SP-A and Various microbial structures
SP-D

Ficolins Plasma Ficolin N-Acetylglucosamine and lipoteichoic
acid components of the cell walls of
gram-positive bactena

Complement Plasma Various complement proteins Microbial surfaces
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Plasma proteins
Protein Plasma Function
L concentration )
"C1 inhibitor 1 200 ug/mi Inhibits C1r and C1s serine |
(C1 INH) protease activity
Factor | 35 pg/ml Proteolytically cleaves
C3b and C4b
Factor H 480 mg/ml Causes dissociation of
alternative pathway
C3 convertase subunits
Cofactor for
Factor |-mediated
cleavage of C3b
C4 binding 300 pg/ml Caus_es dissociation of
protein (C4BP) classical pathway .
C3 convertase subunits
Cofactor for
Factor [-mediated
cleavage of C4b




Membrane proteins
_Protein | Distribution Function
‘Membrane { Leukocytes, Cofactor for
cofactor protein | epithelial cells, | Factor I-mediated
(MCP, CD46) endothelial cells | cleavage of C3b and C4b
Decay Blood cells, Blocks formation of
accelerating endothelial cells, | C3 convertase
factor (DAF) epithelial cells
CD59 Blood cells, Blocks C9 binding and
endothelial cells, | prevents formation
epithelial cells of the MAC
Type 1 Mononuclear Causes dissociation of
complement phagocyt_es, C3 convertase subunits
receptor geutré)q_hllsl,l Cofactor for
(CR1, CD35) ar;] - Factor |-mediated
erythrocytes, cleavage of C3b and C4b
eosinophils,
FDCs
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‘ cell source(s) logi .
Tumor necrosis Macrophages, T cells Endothelial cells: activation (inflammation,
factor (TNF) Ne°°° gulation)

utrophils: activation
e ot s
Musdesynf:t: cataboﬂag‘n (cachexia)
Many celltypes apoptosis
Interleukin-1 (IL-1) | Macrophages, endothelial wmmm
Teels: aﬂm
i , dendritic increased i :
Chemokines wi ,,f""s' W inorened ntegrin affinity
plm’ g
Interleukin-12 (IL-12) | Dendritic cells, NK cells and T cells: IFN-y pro«
7 T cells: Tyy1 differentiatior
| terfemon-y IFN-'Y) NK celis, T lymphocytes Activation of
? ( Stimulation of some responses
Type | IFNs IFN-o: Dendritic cells, All celis: antiviral state, increased class |
. - MHC
ARy TR M
i - dendritic M dendritic cells: Inhibition of
T e
7 costimulators and class || MHC molecules
Interleukin-6 (IL-6) mmw ol endothelial
Interleukin-15 (IL-15) | Macrophages, others
Interleukin-18 (IL-18) | Macrophages
- ] I inflammation
U5 g T cels. differentiation of Th17,
regulatory T cells
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respiratory burst,

Antimicrobial species generated from oxygen and nitrogen

Reactive oxygen species (ROS) Phagosome OH™ Hydroxyl
‘O, (superoxide anion) el SHpSic / e
. P ) oxidase __ dismutase Myeloperoxidase
*OH (hydroxyl radical) 0, > -0, > H,0, 5> HCIO™
H,0, (hydrogen Pel"”‘ifle) Oxygen Superoxide Hydrogen Hypochlorous
HCIO (hypochlorous acid) anion peroxide acid
Cl™
Chloride
ion
Reactive nitrogen species (RNS) Indicible >Pe(r3)NO(i)t1—-ite
NO (nitric oxide) nitric oxide S S-Nitrosothiols
NO, (nitrogen dioxide) .. Synthase (iNOS) / <
ONOO™ (peroxynitrite) 1-Arginine 4 .NO il NO, .
Nitric oxide Nitrogen dioxide

1-Citrulline
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(Origin

Life span in tissues

Responses to
activating stimuli

Phagocytosis

Reactive oxygen
species

Nitric oxide

Degranulation

Cytokine production

Extracellular traps

Secretion of

KIysosomal enzymes

Lz

\‘
HSCs in bone marrow

1-2 days

Rapid, short lived,
enzymatic activity

Rapid ingestion of microbes

Rapidly induced by assembly
of phagocyte oxidase
(respiratory burst)

Low levels or none
Major response; induced by
cytoskeletal rearrangement

Low levels per cell

Rapidly induced, by extrusion
of nuclear contents

Prominent

HSCs in bone marrow (in inflammatory reactions)

Many tissue-resident macrophages: stem cells in
yolk sac of fetal liver (early in development)

Inflammatory macrophages: days or weeks
Tissue-resident macrophages: years

More prolonged, slower, often dependent
on new gene transcription

Prolonged ability to ingest microbes, apoptotic
cells, tissue debris, foreign material

Less prominent

Induced following transcriptional activation
of INOS

Not prominent

Major functional activity, large amounts

per cell, requires transcriptional activation of
cytokine genes

Little

Less
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Ag Histamine (+ other mediators)
release

Tovis Increased Recruitment of

Xeioir vascular basophils and
25 o permeability/ N eosinophils to
edema tissue

Mast cell

Sensitized mast cell

8¢ %% A Vasoactive
° - molecules

IgE response

Vascular exudation

Helminth

secretory Smooth muscle

antigens contraction
Eosinophil
infiltration
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a Tolerance

NK cell Inhibitory MHC Healthy cell

- », receptor class|

Activating

Activating ligand
receptor

ActlvaedK cell Tumour cell

Loss of MHC molecule
expression promotes
killing of tumour cell

NK cell actlvatlon| y e

o 0o
Cytokines and
cytotoxic mediators

c [ Stress-induced self
Activa NK cell Tumour cell

.

5 Upregulation of
stress-induced
ligands promotes

killing of tumour cell

NK cell activation

Cytokines and
cytotoxic mediators
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