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immunity.

11-2  Some viruses persist in vivo by ceasing to replicate until
immunity wanes.

11-3  Some pathogens resist destruction by host defense
mechanisms or exploit them for their own purposes.

11-4  Immunosuppression or inappropriate immune responses
can contribute to persistent disease.

11-5 Immune responses can contribute directly to pathogenesis.

Summary.

Immunodeficiency diseases.
11-6 A history of repeated infections suggests a diagnosis of
immunodeficiency.

11-7  Inherited immunodeficiency diseases are caused by
recessive gene defects.

11-8  The main effect of low levels of antibody is an inability to
clear extracellular bacteria.

11-9  T-cell defects can also result in low antibody levels.
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11-10  Defects in complement components cause defective humoral

immune function.

11-11  Defects in phagocytic cells permit widespread bacterial
infections.

11-12  Defects in T-cell function result in severe combined
immunodeficiencies.

11-13  Defective T-cell signaling, cytokine production, or cytokine
action can cause immunodeficiency.

11-14  The normal pathways for host defense against intracellular
bacteria are illustrated by genetic deficiencies of IFN-y and

IL-12 and their receptors.

11-15  X-linked lymphoproliferative syndrome is associated with
fatal infection by Epstein-Barr virus and with the
development of lymphomas.

11-16  Genetic abnormalities in the secretory cytotoxic pathway of

lymphocytes cause uncontrolled lymphoproliferation and
inflammatory responses to viral infections.
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11-17  Bone marrow transplantation or gene therapy can be useful

to correct genetic defects. 488
11-18  Secondary immunodeficiencies are major predisposing

causes of infection and death. 489

Summary. 490
Acquired immune deficiency syndrome. 491
11-19  Most individuals infected with HIV progress over time

to AIDS. 492
11-20  HIV is a retrovirus that infects CD4 T cells, dendritic cells,

and macrophages. 494

11-21  Genetic deficiency of the macrophage chemokine
co-receptor for HIV confers resistance to HIV infection

in vivo. 496
11-22  HIV RNA is franscribed by viral reverse transcriptase
into DNA that integrates into the host cell genome. 497

11-23  Transcription of the HIV provirus depends on host-cell
transcription factors induced upon the activation of infected
T cells. 499

11-24  Drugs that block HIV replication lead to a rapid decrease
in titer of infectious virus and an increase in CD4 T cells. 500

11-25  HIV accumulates many mutations in the course of infection
in a single individual and drug treatment is soon followed
by the outgrowth of drug-resistant variants of the virus. 501

11-26  Lymphoid tissue is the major reservoir of HIV infection. 502
11-27  An immune response controls but does not eliminate HIV. 503

11-28  HIV infection leads to low leveis of CD4 T cells, increased
susceptibility to opportunistic infection, and eventually

to death. 505
11-29  Vaccination against HIV is an attractive solution but poses

many difficulties. 506
11-30 Prevention and education are one way in which the spread

of HIV and AIDS can be controlled. 507

Summary. 508

Summary to Chapter 11. 508
Chapter 12 Allergy and Hypersensitivity 517
Sensitization and the production of IgE. 519
12-1  Allergens are often delivered transmucosally at low dose,

a route that favors IgE production. 519
12-2  Enzymes are frequent triggers of allergy. 520
12-3  Class switching to IgE in B lymphocytes is favored by

specific signals. 521
12-4  Both genetic and environmental factors contribute to the

development of IgE-mediated allergy. 523

Summary. 527
Effector mechanisms in allergic reactions. 527

12-5  Most IgE is cell-bound and engages effector mechanisms
of the immune system by different pathways from other

antibody isotypes. 528
12-6  Mast cells reside in tissues and orchestrate allergic

reactions. 529
12-7  Eosinophils are normally under tight control to prevent

inappropriate toxic responses. 530
12-8  Eosinophils and basophils cause inflammation and tissue

damage in allergic reactions. 532

12-9  Allergic reactions can be divided into immediate and
late-phase responses. 533



12-10  The clinical effects of allergic reactions vary according to
the site of mast-cell activation.

12-11  Allergen inhalation is associated with the development of
rhinitis and asthma.

12-12  Skin allergy is manifest as urticaria or chronic eczema.

12-13  Allergy to foods causes symptoms limited to the gut and
systemic reactions.

12-14  Allergy can be treated by inhibiting either IgE production
or the effector pathways activated by cross-linking of
cell-surface IgE.

Summary.

Hypersensitivity diseases.

12-15  Innocuous antigens can cause type Il hypersensitivity
reactions in susceptible individuals by binding to the
surfaces of circulating blood cells.

12-16  Systemic disease caused by immune-complex formation
can follow the administration of large quantities of poorly
catabolized antigens.

12-17  Delayed-type hypersensitivity reactions are mediated by
Th1 cells and CD8 cytotoxic T cells.

12-18  Mutation or genetic variation in the molecular regulators of
inflammation can cause hypersensitive inflammatory
responses resulting in ‘autoinflammatory disease’.

Summary.
Summary to Chapter 12.

Chapter 13  Autoimmunity and Transplantation

The nature of immune responses to self.
13-1 A critical function of the immune system is to discriminate
self from nonself.

13-2  Specific adaptive immune responses to self antigens can
cause autoimmune disease.

13-3  Autoimmune diseases can be classified into clusters that
are typically either organ-specific or systemic.

13-4 Multiple limbs of the immune system are typically recruited
in autoimmune disease.

13-5  Initial loss of tolerance and autoimmunity may evolve to a
chronic disease state because of positive feedback from
inflammation as well as the inability to clear most self
antigens.

Summary.

Multiple tolerance mechanisms normally prevent
autoimmunity.

136 Some degree of autoimmunity is the evolutionary price of

being able to make effective responses against pathogens.
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13-7  Central deletion or inactivation of newly formed lymphocytes

is the first checkpoint of self-tolerance.

567

13-8  Lymphocytes that bind self antigens with relatively low affinity

usually ignore them but in some circumstances become
activated.

13-9  Antigens in immunologically privileged sites do not induce
immune attack but can serve as targets.

13-10 Autoreactive T cells that express particular cytokines may
be nonpathogenic or suppress pathogenic lymphocytes.

13-11  Autoimmune responses can be controlled at various stages

by regulatory T cells.

13-12 CD4 CD25 T cells are a unique subset of cells that arise in

the thymus in response to relatively strong recognition of
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1313

13-14
13-15

self antigen.

The mechanisms of regulation are varied and can include
cytokine-mediated inhibition, contact-dependent regulation,
and cell killing.

Other types of regulatory cell also exist.

Immune responses have natural brakes that tend to limit
damage even when autoimmune cells are activated.

Summary.

The genetic and environmental basis of autoimmunity.

13-16

1317

13-18

13-19

13-20

13-21
13-22
13-23

13-24

Autoimmune diseases have a strong genetic as well as
environmental component.

Several approaches have given us insight into the genetic
basis of autoimmunity.

Genes that predispose to autoimmunity fall into categories
that affect one or more of the layers of tolerance.

MHC genes have an important role in controlling suscept-
ibility to autoimmune disease.

Molecular pathways promoting autoimmunity are potential
targets for the therapy of autoimmune disease.

Drugs and toxins can cause autoimmune syndromes.
Infection can lead to autoimmune disease.

Cross-reactivity between self molecules and foreign mol-
ecules on pathogens can lead to anti-self responses and
autoimmune disease.

Random events may be required for the initiation of
autoimmunity.

Summary.

Mechanisms of pathogenesis in autoimmunity.

13-25

13-26

13-27

13-28

13-29

13-30

Antibody and T cells can cause tissue damage in auto-
immune disease.

Autoantibodies against blood cells promote their
destruction.

The fixation of sublytic doses of complement to celis in
tissues stimulates a powerful inflammatory response.
Autoantibodies against receptors cause disease by
stimulating or blocking receptor function.
Autoantibodies against extracellular antigens cause
inflammatory injury by mechanisms akin to type Il and
type Il hypersensitivity reactions.

T cells specific for self antigens can cause direct tissue
injury and have a role in sustained autoantibody responses.

Summary.

Responses to alloantigens and transplant rejection.

13-31

13-32

13-33

13-34

13-35

13-36

13-37

Graft rejection is an immunological response mediated
primarily by T cells.

Matching donor and recipient at the MHC improves the
outcome of transplantation.

In MHC-identical grafts, rejection is caused by peptides
from other alloantigens bound to graft MHC molecules.
There are two ways of presenting alloantigens on the
transplant to the recipient's T lymphocytes.

Antibodies reacting with endothelium cause hyperacute
graft rejection.

Chronic organ rejection is caused by inflammatory vascular
injury to the graft.

A variety of organs are transplanted routinely in clinical
medicine.
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13-38  The converse of graft rejection is graft-versus-host disease. 604

13-39 The fetus is an allograft that is tolerated repeatedly.
Summary.
Summary to Chapter 13.
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Chapter 14 Manipulation of the Inmune Response 613

Extrinsic regulation of unwanted immune responses.

14-1  Corticosteroids are powerful anti-inflammatory drugs that
alter the transcription of many genes.

14-2  Cytotoxic drugs cause immunosuppression by killing
dividing cells and have serious side-effects.

14-3  Cyclosporin A, tacrolimus (FK506), and rapamycin
(sirolimus) are powerful immunosuppressive agents that
interfere with T-cell signaling.

14-4  Immunosuppressive drugs are valuable probes of intra-
cellular signaling pathways in lymphocytes.

14-5  Antibodies against cell-surface molecules have been used
to remove specific lymphocyte subsets or to inhibit cell
function.

14-6  Antibodies can be engineered to reduce their immuno-
genicity in humans.

14-7  Monoclonal antibodies can be used to inhibit allograft
rejection.

14-8  Biological agents can be used to alleviate and suppress
autoimmune disease.

14-9  Depletion or inhibition of autoreactive lymphocytes can treat

autoimmune disease.

14-10  Interference with co-stimulatory pathways for the activation

of lymphocytes could be a treatment for autoimmune
disease.

14-11  Moduiation of the cytokines expressed by T lymphocytes
can inhibit autoimmune disease.

14-12  Controlled administration of antigen can be used to
manipulate the nature of an antigen-specific response.

Summary.

Using the immune response to attack tumors.

14-13  The development of transplantable tumors in mice led to
the discovery that mice could mount a protective immune
response against tumors.

14-14 T lymphocytes can recognize specific antigens on human
tumors.

14-15  Tumors can escape rejection in many ways.

14-16  Monoclona!l antibodies against tumor antigens, alone or
linked to toxins, can control tumor growth.

14-17  Enhancing the immunogenicity of tumors holds promise
for cancer therapy.

Summary.

Manipulating the immune response to fight infection.
14-18  There are several requirements for an effective vaccine.
14-19  The history of vaccination against Bordetella pertussis

illustrates the importance of developing an effective vaccine

that is perceived to be safe.
14-20  Conjugate vaccines have been developed as a result of

understanding how T and B cells collaborate in an immune

response.

14-21  The use of adjuvants is another important approach to
enhancing the immunogenicity of vaccines.
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14-22

14-23

14-24

14-25

14-26

14-27

14-28

14-29

14-30

Live-attenuated viral vaccines are usually more potent than
‘killed" vaccines and can be made safer by using recomb-
inant DNA technology.

Live-attenuated bacterial vaccines can be developed by
selecting nonpathogenic or disabled mutants.

Attenuated microorganisms can serve as vectors for
vaccination against many pathogens.

Synthetic peptides of protective antigens can elicit
protective immunity.

The route of vaccination is an important determinant of
success.

Protective immunity can be induced by injecting DNA
encoding microbial antigens and human cytokines into
muscle.

The effectiveness of a vaccine can be enhanced by
targeting it to sites of antigen presentation.

An important question is whether vaccination can be used
therapeutically to control existing chronic infections.
Modulation of the immune system might be used to inhibit
immunopathological responses to infectious agents.
Summary.

Summary to Chapter 14.

PartVl| THE ORIGINS OF IMMUNE

RESPONSES

Chapter 15 Evolution of the Inmune System

Evolution of the innate immune system.

15-1

15-2

15-3

15-4

15-5

Antimicrobial peptides are likely to be the most ancient
immune defenses.

Toll-like receptors may represent the most primitive
pathogen-recognition system.

A second recognition system in Drosophila homologous
to the mammalian tumor necrosis factor receptor pathway
provides protection from Gram-negative bacteria.

An ancestral complement system opsonizes pathogens for
uptake by phagocytic cells.

The lectin pathway of complement activation evolved in
invertebrates.

Summary.

Evolution of the adaptive immune response.

15-6

15-7

15-8

15-9

15-10

15-11

Adaptive immunity appeared abruptly in the cartilaginous
fish.

The target of the transposon is likely to have been a gene
encoding a cell-surface receptor containing an immuno-
globulin-like V domain.

Different species generate immunoglobulin diversity in
different ways.

Both o and .5 T-cell receptors are present in cartila-
ginous fish.

MHC class | and class |l molecules are also first found
in the cartilaginous fishes.

Are adaptive immune systems dependent on the emerg-
ence of the jaw?

Summary.

Summary to Chapter 15.
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Appendix | Immunologists’ Toolbox 683

Immunization. 683
A-1 Haptens. 684
A-2 Routes of immunization. 686
A-3 Effects of antigen dose. 686
A-4 Adjuvants. 686

The detection, measurement, and characterization of
antibodies and their use as research and diagnostic

tools. 688
A-5 Affinity chromatography. 689
A-6 Radioimmunoassay (RIA), enzyme-linked immunosorbent

assay (ELISA), and competitive inhibition assay. 689
A7 Hemagglutination and blood typing. 691
A-8 Precipitin reaction. 692
A-9  Equilibrium dialysis: measurement of antibody affinity and

avidity. 693
A-10  Anti-immunoglobulin antibodies. 694
A-11 Coombs tests and the detection of Rhesus incompatibility. 695
A-12  Monoclonal antibodies. 696
A-13  Phage display libraries for antibody V-region production. 697
A-14  Immunofluorescence microscopy. 698
A-15  Immunoelectron microscopy. 700
A-16  Immunohistochemistry. 701
A-17  Immunoprecipitation and co-immunoprecipitation. 701
A-18  Immunoblotting (Western blotting). 702
A-19  Use of antibodies in the isolation and identification of genes

and their products. 703
Isolation of lymphocytes. 705
A-20  Isolation of peripheral blood lymphocytes by Ficoll-Hypaque™

gradient. 705
A-21  Isolation of lymphocytes from tissues other than blood. 705
A-22  Flow cytometry and FACS analysis. 706
A-23  Lymphocyte isolation using antibody-coated magnetic

beads. 708
A-24  Isolation of homogeneous T-cell lines. 708
Characterization of lymphocyte specificity, frequency,
and function. 709
A-25  Limiting-dilution culture. 710
A-26  ELISPOT assays. 71
A-27  Identification of functional subsets of T cells by staining for

cytokines. 712

A28 Identification of T-cell receptor specificity using MHC:
peptide tetramers. 713



A-29  Assessing the diversity of the T-cell repertoire by
‘spectratyping.’

A-30  Biosensor assays for measuring the rates of association
and disassociation of antigen receptors for their ligands.

A-31  Stimulation of lymphocyte proliferation by treatment with
polyclonal mitogens or specific antigen.

A-32  Measurements of apoptosis by the TUNEL assay.
A-33  Assays for cytotoxic T cells.

A-34  Assays for CD4 T cells.

A-35  DNA microarrays.

Detection of immunity in vivo.

A-36  Assessment of protective immunity.
A-37  Transfer of protective immunity.
A-38  The tuberculin test.

A-39  Testing for allergic responses.

A-40  Assessment of immune responses and immunological
competence in humans.

A-41  The Arthus reaction.

Manipulation of the immune system.

A-42  Adoptive transfer of lymphocytes.
A-43  Hematopoietic stem-cell transfers.
A-44  In vivo depletion of T cells.

A-45  In vivo depletion of B cells.

A-46  Transgenic mice.

A-47  Gene knockout by targeted disruption.

Appendix Il CD antigens

Appendix i Cytokines and their receptors
Appendix IV Chemokines and their receptors
Appendix V Immunological constants
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