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Evasion and subversion of immune defenses 498

12-1 Antigenic variation allows pathogens to escape from immunity. 498
12-2 Some viruses persist in vivo by ceasing to replicate until

immunity wanes. 501
12-3 Some pathogens resist destruction by host defense 

mechanisms or exploit them for their own purposes. 502
12-4 Immunosuppression or inappropriate immune responses 

can contribute to persistent disease. 504
12-5 Immune responses can contribute directly to 

pathogenesis. 506
12-6 Regulatory T cells can affect the outcome of infectious 

disease. 506
Summary. 507

Immunodeficiency diseases. 507

12-7 A history of repeated infections suggests a diagnosis of
immunodeficiency. 507

12-8 Inherited immunodeficiency diseases are caused by 
recessive gene defects. 508

12-9 The main effect of low levels of antibody is an inability 
to clear extracellular bacteria. 509

12-10 Some antibody deficiencies can be due to defects in 
either B-cell or T-cell function. 512

12-11 Defects in complement components cause defective 
humoral immune function. 514

12-12 Defects in phagocytic cells permit widespread bacterial
infections. 515

12-13 Defects in T-cell differentiation can result in severe 
combined immunodeficiencies. 517

12-14 Defects in antigen receptor gene rearrangement result 
in SCID. 519

12-15 Defects in signaling from T-cell antigen receptors can 
cause severe immunodeficiency. 520

12-16 Genetic defects in thymic function that block T-cell 
development result in severe immunodeficiencies. 520

12-17 The normal pathways for host defense against intracellular
bacteria are pinpointed by genetic deficiencies of 
IFN-g and IL-12 and their receptors. 522

12-18 X-linked lymphoproliferative syndrome is associated with 
fatal infection by Epstein–Barr virus and with the 
development of lymphomas. 523

12-19 Genetic abnormalities in the secretory cytotoxic pathway 
of lymphocytes cause uncontrolled lymphoproliferation 
and inflammatory responses to viral infections. 523

12-20 Bone marrow transplantation or gene therapy can be 
useful to correct genetic defects. 525

12-21 Secondary immunodeficiencies are major predisposing 
causes of infection and death. 526

Summary. 527

Acquired immune deficiency syndrome. 527

12-22 Most individuals infected with HIV progress over time to AIDS. 528
12-23 HIV is a retrovirus that infects CD4 T cells, dendritic 

cells, and macrophages. 530
12-24 Genetic variation in the host can alter the rate of 

progression of disease. 532
12-25 A genetic deficiency of the co-receptor CCR5 confers 

resistance to HIV infection in vivo. 532
12-26 HIV RNA is transcribed by viral reverse transcriptase 

into DNA that integrates into the host-cell genome. 534
12-27 Replication of HIV occurs only in activated T cells. 536
12-28 Lymphoid tissue is the major reservoir of HIV infection. 537
12-29 An immune response controls but does not 

eliminate HIV. 538
12-30 The destruction of immune function as a result of HIV 

infection leads to increased susceptibility to opportunistic
infection and eventually to death. 540

12-31 Drugs that block HIV replication lead to a rapid 
decrease in titer of infectious virus and an increase in 
CD4 T cells. 540

12-32 HIV accumulates many mutations in the course of infection, 
and drug treatment is soon followed by the outgrowth of 
drug-resistant variants. 542

12-33 Vaccination against HIV is an attractive solution but 
poses many difficulties. 543
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12-34 Prevention and education are one way in which the 
spread of HIV and AIDS can be controlled. 545

Summary. 545
Summary to Chapter 12. 546

Chapter 13 Allergy and Hypersensitivity 555

Sensitization and the production of IgE. 557

13-1 Allergens are often delivered transmucosally at low 
dose, a route that favors IgE production. 557

13-2 Enzymes are frequent triggers of allergy. 558
13-3 Class switching to IgE in B lymphocytes is favored by 

specific signals. 559
13-4 Both genetic and environmental factors contribute to 

the development of IgE-mediated allergy. 560
13-5 Regulatory T cells can control allergic responses. 565
Summary. 565

Effector mechanisms in allergic reactions. 566

13-6 Most IgE is cell-bound and engages effector mechanisms 
of the immune system by different pathways from 
other antibody isotypes. 567

13-7 Mast cells reside in tissues and orchestrate allergic 
reactions. 567

13-8 Eosinophils are normally under tight control to prevent
inappropriate toxic responses. 569

13-9 Eosinophils and basophils cause inflammation and tissue
damage in allergic reactions. 571

13-10 Allergic reactions can be divided into immediate and 
late-phase responses. 571

13-11 The clinical effects of allergic reactions vary according 
to the site of mast-cell activation. 572

13-12 Allergen inhalation is associated with the development 
of rhinitis and asthma. 574

13-13 Skin allergy is manifested as urticaria or chronic eczema. 576
13-14 Allergy to foods causes systemic reactions as well 

as symptoms limited to the gut. 577
13-15 Celiac disease is a model of antigen-specific 

immunopathology. 578
13-16 Allergy can be treated by inhibiting either IgE production 

or the effector pathways activated by the cross-linking 
of cell-surface IgE. 580

Summary. 583

Hypersensitivity diseases. 583

13-17 Innocuous antigens can cause type II hypersensitivity 
reactions in susceptible individuals by binding to the 
surfaces of circulating blood cells. 583

13-18 Systemic disease caused by immune-complex formation 
can follow the administration of large quantities of poorly
catabolized antigens. 583

13-19 Delayed-type hypersensitivity reactions are mediated 
by TH1 cells and CD8 cytotoxic T cells. 585

13-20 Mutation in the molecular regulators of inflammation can 
cause hypersensitive inflammatory responses resulting 
in ‘autoinflammatory disease.’ 588

13-21 Crohn’s disease is a relatively common inflammatory 
disease with a complex etiology. 590

Summary. 591
Summary to Chapter 13. 591

Chapter 14 Autoimmunity and Transplantation 599

The making and breaking of self-tolerance 600

14-1 A critical function of the immune system is to 
discriminate self from nonself. 600

14-2 Multiple tolerance mechanisms normally prevent 
autoimmunity. 602

14-3 Central deletion or inactivation of newly formed 
lymphocytes is the first checkpoint of self-tolerance. 603

14-4 Lymphocytes that bind self antigens with relatively low 
affinity usually ignore them but in some circumstances 
become activated. 603

14-5 Antigens in immunologically privileged sites do not induce
immune attack but can serve as targets. 605

14-6 Autoreactive T cells that express particular cytokines may be
nonpathogenic or may suppress pathogenic lymphocytes. 606

14-7 Autoimmune responses can be controlled at various 
stages by regulatory T cells. 607

Summary. 609

Autoimmune diseases and pathogenic mechanisms. 610

14-8 Specific adaptive immune responses to self antigens 
can cause autoimmune disease. 610

14-9 Autoimmune diseases can be classified into clusters 
that are typically either organ-specific or systemic. 611

14-10 Multiple aspects of the immune system are typically 
recruited in autoimmune disease. 612

14-11 Chronic autoimmune disease develops through positive
feedback from inflammation, inability to clear the self 
antigen, and a broadening of the autoimmune response. 615

14-12 Both antibody and effector T cells can cause tissue 
damage in autoimmune disease. 617

14-13 Autoantibodies against blood cells promote their 
destruction. 617

14-14 The fixation of sublytic doses of complement to cells in 
tissues stimulates a powerful inflammatory response. 619

14-15 Autoantibodies against receptors cause disease by 
stimulating or blocking receptor function. 620

14-16 Autoantibodies against extracellular antigens cause 
inflammatory injury by mechanisms akin to type II and 
type III hypersensitivity reactions. 621

14-17 T cells specific for self antigens can cause direct tissue 
injury and sustain autoantibody responses. 622

Summary. 625

The genetic and environmental basis of autoimmunity. 626

14-18 Autoimmune diseases have a strong genetic component. 626
14-19 A defect in a single gene can cause autoimmune 

disease. 627
14-20 Several approaches have given us insight into the 

genetic basis of autoimmunity. 628
14-21 Genes that predispose to autoimmunity fall into categories 

that affect one or more of the mechanisms of tolerance. 631
14-22 MHC genes have an important role in controlling 

susceptibility to autoimmune disease. 631
14-23 External events can initiate autoimmunity. 634
14-24 Infection can lead to autoimmune disease by providing 

an environment that promotes lymphocyte activation. 634
14-25 Cross-reactivity between foreign molecules on pathogens 

and self molecules can lead to anti-self responses and
autoimmune disease. 635
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14-26 Drugs and toxins can cause autoimmune syndromes. 636
14-27 Random events may be required for the initiation of

autoimmunity. 637
Summary. 637

Responses to alloantigens and transplant rejection. 637

14-28 Graft rejection is an immunological response mediated 
primarily by T cells. 638

14-29 Matching donor and recipient at the MHC improves the 
outcome of transplantation. 639

14-30 In MHC-identical grafts, rejection is caused by peptides 
from other alloantigens bound to graft MHC molecules. 640

14-31 There are two ways of presenting alloantigens on the 
transplant to the recipient’s T lymphocytes. 641

14-32 Antibodies reacting with endothelium cause hyperacute 
graft rejection. 642

14-33 Chronic organ rejection is caused by inflammatory 
vascular injury to the graft. 643

14-34 A variety of organs are transplanted routinely in 
clinical medicine. 644

14-35 The converse of graft rejection is graft-versus-host 
disease. 645

14-36 Regulatory T cells are involved in alloreactive immune
responses. 646

14-37 The fetus is an allograft that is tolerated repeatedly. 647
Summary. 648
Summary to Chapter 14. 648

Chapter 15 Manipulation of the Immune Response 655

Extrinsic regulation of unwanted immune responses. 655

15-1 Corticosteroids are powerful anti-inflammatory drugs 
that alter the transcription of many genes. 656

15-2 Cytotoxic drugs cause immunosuppression by killing 
dividing cells and have serious side-effects. 657

15-3 Cyclosporin A, tacrolimus (FK506), and rapamycin 
(sirolimus) are powerful immunosuppressive agents 
that interfere with T-cell signaling. 658

15-4 Immunosuppressive drugs are valuable probes of 
intracellular signaling pathways in lymphocytes. 659

15-5 Antibodies against cell-surface molecules have been 
used to remove specific lymphocyte subsets or to inhibit 
cell function. 661

15-6 Antibodies can be engineered to reduce their 
immunogenicity in humans. 661

15-7 Monoclonal antibodies can be used to prevent 
allograft rejection. 662

15-8 Biological agents can be used to alleviate and suppress
autoimmune disease. 664

15-9 Depletion or inhibition of autoreactive lymphocytes can 
treat autoimmune disease. 666

15-10 Interference with co-stimulatory pathways for the 
activation of lymphocytes could be a treatment for 
autoimmune disease. 668

15-11 Induction of regulatory T cells by antibody therapy can 
inhibit autoimmune disease. 668

15-12 A number of commonly used drugs have 
immunomodulatory properties. 669

15-13 Controlled administration of antigen can be used to 
manipulate the nature of an antigen-specific response. 671

Summary. 672

Using the immune response to attack tumors. 672

15-14 The development of transplantable tumors in mice led 
to the discovery of protective immune responses to 
tumors. 673

15-15 Tumors can escape rejection in many ways. 674
15-16 T lymphocytes can recognize specific antigens on 

human tumors, and adoptive T-cell transfer is being 
tested in cancer patients. 678

15-17 Monoclonal antibodies against tumor antigens, alone 
or linked to toxins, can control tumor growth. 682

15-18 Enhancing the immune response to tumors by vaccination 
holds promise for cancer prevention and therapy. 684

Summary. 687

Manipulating the immune response to fight infection. 687

15-19 There are several requirements for an effective vaccine. 689
15-20 The history of vaccination against Bordetella pertussis 

illustrates the importance of developing an effective 
vaccine that is perceived to be safe. 690

15-21 Conjugate vaccines have been developed as a result of
understanding how T and B cells collaborate in an 
immune response. 691

15-22 The use of adjuvants is another important approach to 
enhancing the immunogenicity of vaccines. 693

15-23 Live-attenuated viral vaccines are usually more potent 
than ‘killed’ vaccines and can be made safer by the use of
recombinant DNA technology. 695

15-24 Live-attenuated bacterial vaccines can be developed by 
selecting nonpathogenic or disabled mutants. 696

15-25 Synthetic peptides of protective antigens can elicit 
protective immunity. 696

15-26 The route of vaccination is an important determinant 
of success. 697

15-27 Protective immunity can be induced by injecting DNA 
encoding microbial antigens and human cytokines 
into muscle. 698

15-28 The effectiveness of a vaccine can be enhanced by 
targeting it to sites of antigen presentation. 699

15-29 An important question is whether vaccination can be used
therapeutically to control existing chronic infections. 700

15-30 Modulation of the immune system might be used to inhibit
immunopathological responses to infectious agents. 701

Summary. 702
Summary to Chapter 15. 703

THE ORIGINS OF IMMUNE
RESPONSES

Chapter 16 Evolution of the Immune System 711

Evolution of the innate immune system. 712

16-1 The evolution of the immune system can be studied by 
comparing the genes expressed by different species. 712

16-2 Antimicrobial peptides are likely to be the most ancient 
immune defenses. 713

16-3 Toll-like receptors may represent the most ancient 
pathogen-recognition system. 714

16-4 Toll-like receptor genes have undergone extensive 
diversification in some invertebrate species. 716
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16-5 A second recognition system in Drosophila homologous to 
the mammalian TNF receptor pathway provides protection 
from Gram-negative bacteria. 717

16-6 An ancestral complement system opsonizes pathogens 
for uptake by phagocytic cells. 717

16-7 The lectin pathway of complement activation evolved in
invertebrates. 719

Summary. 720

Evolution of the adaptive immune response. 720

16-8 Some invertebrates generate extensive diversity in a 
repertoire of immunoglobulin-like genes. 721

16-9 Agnathans possess an adaptive immune system that uses 
somatic gene rearrangement to diversify receptors built 
from LRR domains. 722

16-10 Adaptive immunity based on a diversified repertoire of
immunoglobulin-like genes appeared abruptly in the 
cartilaginous fish. 724

16-11 The target of the transposon is likely to have been a gene 
encoding a cell-surface receptor containing an 
immunoglobulin-like V domain. 725

16-12 Different species generate immunoglobulin diversity in 
different ways. 726

16-13 Both a:b and g:d T-cell receptors are present in 
cartilaginous fish. 727

16-14 MHC class I and class II molecules are also first found 
in the cartilaginous fishes. 728

Summary. 729
Summary to Chapter 16. 729
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