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The spleen organizes the immune response against
blood-borne pathogens

MALT organizes the response to antigen that
enters mucosal tissues

The skin is an innate immune barrier and also
includes lymphoid tissue

Tertiary lymphoid tissues also organize and maintain
an immune response
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Receptor-Ligand Interactions

Receptor-ligand binding occurs via multiple
noncovalent bonds

How do we quantitate the strength of receptor-
ligand interactions?

Interactions between receptors and ligands can be
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Receptor and ligand expression can vary during the
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Local concentrations of cytokines and other ligands
may be extremely high

Common Strategies Used in Many Signaling
Pathways

Ligand binding can induce conformational changes
in, and/or clustering of, the receptor

Some receptors require receptor-associated
molecules to signal cell activation

Ligand-induced receptor clustering can alter
receptor location

Tyrosine phosphorylation isan early step in many
signaling pathways

Adapter proteins gather members of signaling
pathways

Phosphorylation on serine and threonine residues
isalso acommon step in signaling pathways

Phosphorylation of membrane phospholipids
recruits PH domain-containing proteins to the cell
membrane
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Signal-induced PIP2 breakdown by PLC causes an
increase in cytoplasmic calcium ion concentration

Ubiquitination may inhibit or enhance signal
transduction

Frequently Encountered Signaling
Pathways

The PLC pathway induces calcium release and
PKC activation

The Ras/Map kinase cascade activates transcription
through AP-1

PKC activates the NF-kB transcription factor
The Structure of Antibodies

Antibodies are made up of multiple
immunoglobulin domains

Antibodies share a common structure of two light
chains and two heavy chains

There are two major classes of antibody light chains
There are five major classes of antibody heavy chains

Antibodies and antibody fragments can serve as
antigens

Each of the domains of the antibody heavy and
light chains mediate specific functions

X-ray crystallography has been used to define
the structural basis of antigen-antibody
binding

Signal Transduction in BCells

Antigen binding results in docking of adapter
molecules and enzymes into the BCR-1ga/IgR
membrane complex

Bcells use many of the downstream signaling
pathways described above

Becells also receive signals through co-receptors
T-Cell Receptors and Signaling

TheT-cell receptor is a heterodimer with variable
and constant regions

TheT-cell signal transduction complex includes CD3

TheT cell co-receptors CD4 and CD8 also bind
the MHC

Lek is the first tyrosine kinase activated inT cell
signaling

T cells use downstream signaling strategies similar
to those of Bcells

SUMMARY
REFERENCES
USEFUL WEB SITES
STUDY QUESTIONS

75

76

77

7

78
79
80

80

81
85
85

86

88

9
a1

91

92
94
95

95
98

99

100

100
101
102
102
103



Chapter 4

Receptors and Signaling:
Cytokines and Chemokines

General Properties of Cytokines and
Chemokines

Cytokines mediate the activation, proliferation,
and differentiation of target cells

Cytokines have numerous biological functions

Cytokines can elicit and support the activation of
specificT-cell subpopulations

Cell activation may alter the expression of receptors
and adhesion molecules

Cytokines are concentrated between secreting and
target cells

Signaling through multiple receptors can fine tune
a cellular response

Six Families of Cytokines and Associated
Receptor Molecules

Cytokines of the IL-1 family promote proinfiammatory

signals

Hematopoietin (Class I) family cytokines share
three-dimensional structural motifs, but induce a
diversity of functions in target cells

The Interferon (Class Il) cytokine family was the
first to be discovered

Members of theTNF cytokine family can signal
development, activation, or death

The IL-17 family is a recently discovered,
proinfiammatory cytokine cluster

Chemokines direct the migration of leukocytes
through the body
Cytokine Antagonists

The IL-1 receptor antagonist blocks the IL-1
cytokine receptor

Cytokine antagonists can be derived from cleavage
of the cytokine receptor

Some viruses have developed strategies to exploit
cytokine activity
Cytokine-Related Diseases

Septic shock is relatively common and potentially
lethal

Bacterial toxic shock is caused by superantigen
induction of T-cell cytokine secretion

Cytokine activity is implicated in lymphoid and
myeloid cancers
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Immunoprecipitation can be performed in solution

Immunoprecipitation of soluble antigens can be
performed in gel matrices

Immunoprecipitation allows characterization of
cell-bound molecules

Agglutination Reactions

Hemagglutination reactions can be used to detect
antigen conjugated to the surface of red blood cells
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Hemagglutination inhibition reactions are used to detect
the presence of viruses and of antiviral antibodies 658

Bacterial agglutination can be used to detect
antibodies to bacteria 659

Antibody Assays Based on Antigen Binding to
Solid-Phase Supports 659

Radioimmunoassays are used to measure the
concentrations of biologically relevant proteins
and hormones in bodily fluids 659

ELISAassays use antibodies or antigens covalently
bound to enzymes 660

The design of an ELISAassay must consider various
methodological options 662

ELISPOT assays measure molecules secreted by
individual cells 663

Western blotting can identify a specific protein

in a complex protein mixture 664
Methods to Determine the Affinity of Antigen-
Antibody Interactions 664

Equilibrium dialysis can be used to measure
antibody affinity for antigen 665

Surface plasmon resonance is commonly used
for measurements of antibody affinity 667

Microscopic Visualization of Cells and
Subcellular Structures 668

Immunocytochemistry and immunohistochemistry
use enzyme-conjugated antibodies to create images
of fixed tissues 668

Immunoelectron microscopy uses gold beads
to visualize antibody-bound antigens 669

Immunofluorescence-Based Imaging

Techniques 669
Fluorescence can be used to visualize cells
and molecules 669

Immunof] uorescence microscopy uses antibodies
conjugated with fluorescent dyes 669

Confocal fluorescence microscopy provides three-
dimensional images of extraordinary clarity 670

Multiphoton fluorescence microscopy is a variation
of confocal microscopy 670

Intravital imaging allows observation of immune

responses in vivo 671
Flow Cytometry 672
Magnetic Activated Cell Sorting 677
Cell Cycle Analysis 678

Tritiated (3H) thymidine uptake was one of the

first methods used to assess cell division 678
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Colorimetrie assays for cell division are rapid and
eliminate the use of radioactive isotopes 678

Bromodeoxyuridine-based assays for cell division use

antibodies to detect newly synthesized DNA 678

Propidium iodide enables analysis of the cell cycle

status of cell populations 678

Carboxyfluorescein succinimidyl ester can be used

to follow cell division 679
Assays of Cell Death 679

The 5ICr release assay was the first assay used

to measure cell death 679

Fluorescently labeled annexinV measures phosphatidyl
serine in the outer lipid envelope of apoptotic cells 680

The TUNEL assay measures apoptotically generated
DNA fragmentation 680

Caspase assays measure the activity of enzymes
involved in apoptosis 681

Biochemical Approaches Used to Elucidate

Signal Transduction Pathways 681
Biochemical inhibitors are often used to identify
intermediates in signaling pathways 681
Many methods are used to identify proteins
that interact with molecules of interest 682

Whole Animal Experimental Systems 682
Animal research is subject to federal guidelines
that protect nonhuman research subjects 682
Inbred strains can reduce experimental variation 683

Congenic resistant strains are used to study the
effects of particular gene loci on immune
responses 684

Adoptive transfer experiments allow in vivo
examination of isolated cell populations 684

Transgenic animals carry genes that have been
artificially introduced

Knock-in and knockout technologies replace an
endogenous with a nonfunctional or engineered
gene copy
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The ae/lox system enables inducible gene deletion in

selected tissues
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