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PART I AN INTRODUCTION TO IMMUNO­
BIOLOGY AND INNATE IMMUNITY

Chapter 1 Basic Concepts in Immunology

The origins of vertebrate immune cells.

Principles of innate immunity.
1-1 Commensal organisms cause little host damage 

while pathogens damage host tissues by a variety 
of mechanisms.

1 -2 Anatomic and chemical barriers are the first defense 
against pathogens.

1 -3 The immune system is activated by inflammatory 
inducers that indicate the presence of pathogens 
or tissue damage.

1 -4 The myeloid lineage comprises most of the cells 
of the innate immune system.

1-5 Sensor cells express pattern recognition receptors 
that provide an initial discrimination between 
self and nonself.

1 -6 Sensor cells induce an inflammatory response 
by producing mediators such as chemokines 
and cytokines.

1-7 Innate lymphocytes and natural killer cells are
effector cells that share similarities with lymphoid 
lineages of the adaptive immune system.

Summary.

Principles of adaptive immunity.
1-8 The interaction of antigens with antigen receptors 

induces lymphocytes to acquire effector and 
memory activity.

1-9 Antibodies and T-cell receptors are composed of 
constant and variable regions that provide distinct 
functions.

1-10 Antibodies and T-cell receptors recognize antigens 
by fundamentally different mechanisms.

1-11 Antigen-receptor genes are assembled by somatic 
gene rearrangements of incomplete receptor 
gene segments.

1-12 Lymphocytes activated by antigen give rise to 
clones of antigen-specific effector cells that 
mediate adaptive immunity.

1-13 Lymphocytes with self-reactive receptors are 
normally eliminated during development or are 
functionally inactivated.

1 -14 Lymphocytes mature in the bone marrow or the 
thymus and then congregate in lymphoid tissues 
throughout the body.

1 -15 Adaptive immune responses are initiated 
by antigen and antigen-presenting cells in 
secondary lymphoid tissues.

1 -16 Lymphocytes encounter and respond to 
antigen in the peripheral lymphoid organs.

1-17 Mucosal surfaces have specialized immune 
structures that orchestrate responses to 
environmental microbial encounters.

1-18 Lymphocytes activated by antigen proliferate in 
the peripheral lymphoid organs, generating 
effector cells and immunological memory. 23

Summary. 24

The effector mechanisms of immunity. 25
1 -19 Innate immune responses can select from 

several effector modules to protect against 
different types of pathogens. 26

1-20 Antibodies protect against extracellular
pathogens and their toxic products. 27

1-21 T cells orchestrate cell-mediated immunity and
regulate В-cell responses to most antigens. 29

1 -22 Inherited and acquired defects in the immune system
result in increased susceptibility to infection. 31

1- 23 Understanding adaptive immune responses is
important for the control of allergies, autoimmune 
disease, and the rejection of transplanted organs. 32

1 -24 Vaccination is the most effective means of
controlling infectious diseases. 33
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Chapter 2 Innate Immunity: The First Lines
of Defense 37
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2- 1 Infectious diseases are caused by diverse

living agents that replicate in their hosts. 38
2-2 Epithelial surfaces of the body provide the

first barrier against infection. 42
2-3 Infectious agents must overcome innate

host defenses to establish a focus of infection. 44
2-4 Epithelial cells and phagocytes produce

several kinds of antimicrobial proteins. 45
Summary. 48

The complement system and innate immunity. 49
2-5 The complement system recognizes features 

of microbial surfaces and marks them for 
destruction by coating them with C3b. 50

2-6 The lectin pathway uses soluble receptors that 
recognize microbial surfaces to activate the 
complement cascade. 53

2-7 The classical pathway is initiated by activation of the
C1 complex and is homologous to the lectin pathway. 56 

2-8 Complement activation is largely confined to the
surface on which it is initiated. 57

2-9 The alternative pathway is an amplification loop for 
C3b formation that is accelerated by properdin in the 
presence of pathogens. 58

2-10 Membrane and plasma proteins that regulate 
the formation and stability of C3 convertases 
determine the extent of complement activation. 60
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2-11 Complement developed early in the evolution 
of multicellular organisms. 61

2-12 Surface-bound C3 convertase deposits large 
numbers of C3b fragments on pathogen surfaces 
and generates C5 convertase activity. 62

2-13 Ingestion of complement-tagged pathogens by 
phagocytes is mediated by receptors for the bound 
complement proteins. 63

2-14 The small fragments of some complement 
proteins initiate a local inflammatory response. 65

2-15 The terminal complement proteins polymerize 
to form pores in membranes that can kill certain 
pathogens. 66

2-16 Complement control proteins regulate all three 
pathways of complement activation and protect 
the host from their destructive effects. 67

2-17 Pathogens produce several types of proteins 
that can inhibit complement activation. 71
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Pattern recognition by cells of the innate 
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3-1 After entering tissues, many microbes are 
recognized, ingested, and killed by phagocytes. 78

3-2 G-protein-coupled receptors on phagocytes link 
microbe recognition with increased efficiency of 
intracellular killing. 81

3-3 Microbial recognition and tissue damage initiate an 
inflammatory response. 85

3-4 Toll-like receptors represent an ancient pathogen- 
recognition system. 87

3-5 Mammalian Toll-like receptors are activated by 
many different pathogen-associated molecular 
patterns. 88

3-6 TLR-4 recognizes bacterial lipopolysaccharide in 
association with the host accessory proteins 
MD-2 and CD14. 92

3-7 TLRs activate NFkB, AP-1, and IRF transcription 
factors to induce the expression of inflammatory 
cytokines and type I interferons. 92

3-8 The NOD-like receptors are intracellular sensors 
of bacterial infection and cellular damage. 96

3-9 NLRP proteins react to infection or cellular 
damage through an inflammasome to induce 
cell death and inflammation. 98

3-10 The RIG-l-like receptors detect cytoplasmic viral 
RNAs and activate MAVS to induce type I interferon 
production and pro-inflammatory cytokines. 101

3-11 Cytosolic DNA sensors signal through STING to 
induce production of type I interferons. 103

3-12 Activation of innate sensors in macrophages and 
dendritic cells triggers changes in gene expression 
that have far-reaching effects on the 
immune response. 104

3-13 Toll signaling in Drosophila is downstream of a 
distinct set of pathogen-recognition molecules. 105

3-14 TLR and NOD genes have undergone extensive 
diversification in both invertebrates and some 
primitive chordates. 106

Summary. 106

Induced innate responses to infection. 107
3-15 Cytokines and their receptors fall into distinct 

families of structurally related proteins. 107
3-16 Cytokine receptors of the hematopoietin family 

are associated with the JAK family of tyrosine 
kinases, which activate STAT transcription factors. 109

3-17 Chemokines released by macrophages and 
dendritic cells recruit effector cells to sites of 
infection. 111

3-18 Cell-adhesion molecules control interactions 
between leukocytes and endothelial cells 
during an inflammatory response. 113

3-19 Neutrophils make up the first wave of cells that 
cross the blood vessel wall to enter an inflamed 
tissue. 116

3-20 TNF-a is an important cytokine that triggers 
local containment of infection but induces 
shock when released systemically. 118

3-21 Cytokines made by macrophages and dendritic 
cells induce a systemic reaction known as the 
acute-phase response. 118

3-22 Interferons induced by viral infection make 
several contributions to host defense. 121

3-23 Several types of innate lymphoid cells provide 
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macrophage-derived cytokines. 125

3-25 NK cells express activating and inhibitory 
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recognize ligands induced on infected cells 
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The interaction of the antibody molecule with specific 
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4-10 Some species generate antibodies with
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Antigen recognition by T cells. 152
4-11 The TCRa:ß heterodimer is very similar to a Fab

fragment of immunoglobulin. 153
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of a complex of a foreign peptide bound to an MHC 
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4-13 There are two classes of MHC molecules with 
distinct subunit compositions but similar three­
dimensional structures. 155

4-14 Peptides are stably bound to MHC molecules, and 
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to make an effective response to antigen. 163

4-19 The two classes of MHC molecules are expressed
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the clearance of extracellular bacteria and fungi. 465

11-11 Differentiated effector T cells continue to respond 
to signals as they carry out their effector functions. 466

11-12 Effector T cells can be activated to release 
cytokines independently of antigen recognition. 467

11-13 Effector T cells demonstrate plasticity and 
cooperativity that enable adaptation during 
anti-pathogen responses. 468

11-14 Integration of cell- and antibody-mediated 
immunity is critical for protection against many 
types of pathogens. 469

11-15 Primary CD8 T-cell responses to pathogens can 
occur in the absence of CD4 T-cell help. 470

11-16 Resolution of an infection is accompanied by the 
death of most of the effector cells and the 
generation of memory cells. 471

Summary. 472

Immunological memory. 473
11-17 Immunological memory is long lived after infection 

or vaccination. 473

11-18 Memory В-cell responses are more rapid and have 
higher affinity for antigen compared with responses 
of naive В cells. 475

11-19 Memory В cells can reenter germinal centers and 
undergo additional somatic hypermutation and 
affinity maturation during secondary immune 
responses. 476

11-20 MHC tetramers identify memory T cells that persist 
at an increased frequency relative to their frequency 
as naive T cells. 477

11-21 Memory T cells arise from effector T cells that 
maintain sensitivity to IL-7 or IL-15. 478

11-22 Memory T cells are heterogeneous and include 
central memory, effector memory, and tissue- 
resident subsets. 480

11-23 CD4 T-cell help is required for CD8 T-cell memory 
and involves CD40 and IL-2 signaling. 482

11-24 In immune individuals, secondary and subsequent 
responses are mainly attributable to memory 
lymphocytes. 484

Summary. 485

Summary to Chapter 11. 486

Questions. 487

References. 488

Chapter 12 The Mucosal Immune System 493

The nature and structure of the mucosal 
immune system. 493
12-1 The mucosal immune system protects the internal 

surfaces of the body. 493
12-2 Cells of the mucosal immune system are located 

both in anatomically defined compartments and 
scattered throughout mucosal tissues. 496

12-3 The intestine has distinctive routes and 
mechanisms of antigen uptake. 499

12-4 The mucosal immune system contains large 
numbers of effector lymphocytes even in the 
absence of disease. 500

12-5 The circulation of lymphocytes within the mucosal 
immune system is controlled by tissue-specific 
adhesion molecules and chemokine receptors. 501



12-6 Priming of lymphocytes in one mucosal tissue may 
induce protective immunity at other mucosal 
surfaces. 502

12-7 Distinct populations of dendritic cells control 
mucosal immune responses. 503

12-8 Macrophages and dendritic cells have different 
roles in mucosal immune responses. 505

12-9 Antigen-presenting cells in the intestinal mucosa 
acquire antigen by a variety of routes. 505

12-10 Secretory IgA is the class of antibody associated 
with the mucosal immune system. 506

12-11 T-independent processes can contribute to IgA 
production in some species. 509

12-12 IgA deficiency is relatively common in humans but 
may be compensated for by secretory IgM. 509

12-13 The intestinal lamina propria contains antigen- 
experienced T cells and populations of unusual 
innate lymphoid cells. 510

12-14 The intestinal epithelium is a unique compartment 
of the immune system. 511

Summary. 514

The mucosal response to infection and regulation 
of mucosal immune responses. 514
12-15 Enteric pathogens cause a local inflammatory 

response and the development of protective 
immunity. 515

12-16 Pathogens induce adaptive immune responses 
when innate defenses have been breached. 518

12-17 Effector T-cell responses in the intestine protect 
the function of the epithelium. 518

12-18 The mucosal immune system must maintain 
tolerance to harmless foreign antigens. 519

12-19 The normal intestine contains large quantities of 
bacteria that are required for health. 520

12-20 Innate and adaptive immune systems control 
microbiota while preventing inflammation without 
compromising the ability to react to invaders. 521

12-21 The intestinal microbiota plays a major role in 
shaping intestinal and systemic immune function. 522

12-22 Full immune responses to commensal bacteria 
provoke intestinal disease. 524

Summary. 525

Summary to Chapter 12. 525

Questions. 526

References. 527

PART V THE IMMUNE SYSTEM IN HEALTH 
AND DISEASE
Chapter 13 Failures of Host Defense

Mechanisms 533

Im m unodeficiency diseases. 533
13-1 A history of repeated infections suggests a 

diagnosis of immunodeficiency. 534
13-2 Primary immunodeficiency diseases are caused 

by inherited gene defects. 534
13-3 Defects in T-cell development can result in severe 

combined immunodeficiencies. 535

13-4 SCIO can also be due to defects in the purine
salvage pathway. 538

13-5 Defects in antigen receptor gene rearrangement
can result in SCID. 538

13-6 Defects in signaling from T-cell antigen receptors
can cause severe immunodeficiency. 539

13-7 Genetic defects in thymic function that block T-cell
development result in severe immunodeficiencies. 539

13-8 Defects in В-cell development result in deficiencies 
in antibody production that cause an inability to 
clear extracellular bacteria and some viruses. 541

13-9 Immune deficiencies can be caused by defects in 
В-cell or T-cell activation and function that lead to 
abnormal antibody responses. 543

13-10 Normal pathways for host defense against different
infectious agents are pinpointed by genetic deficiencies 
of cytokine pathways central to type 1/TH1 and type 
ЗЯН17 responses. 546

13-11 Inherited defects in the cytolytic pathway of 
lymphocytes can cause uncontrolled lympho- 
proliferation and inflammatory responses to viral 
infections. 548

13-12 X-linked lymphoproliferative syndrome is associated 
with fatal infection by Epstein-Barr virus and with the 
development of lymphomas. 550

13-13 Immunodeficiency is caused by inherited defects
in the development of dendritic cells. 551

13-14 Defects in complement components and complement- 
regulatory proteins cause defective humoral immune 
function and tissue damage. 552

13-15 Defects in phagocytic cells permit widespread
bacterial infections. 553

13-16 Mutations in the molecular regulators of inflammation 
can cause uncontrolled inflammatory responses that 
result in ‘autoinflammatory disease.’ 556

13-17 Hematopoietic stem cell transplantation or gene
therapy can be useful to correct genetic defects. 557

13-18 Noninherited, secondary immunodeficiencies are
major predisposing causes of infection and death. 558

Summary. 559

Evasion and subversion of immune defenses. 560
13-19 Extracellular bacterial pathogens have evolved 

different strategies to avoid detection by pattern 
recognition receptors and destruction by antibody, 
complement, and antimicrobial peptides. 560

13-20 Intracellular bacterial pathogens can evade the
immune system by seeking shelter within phagocytes. 563

13-21 Immune evasion is also practiced by protozoan
parasites. 565

13-22 RNA viruses use different mechanisms of antigenic 
variation to keep a step ahead of the adaptive 
immune system. 566

13-23 DNA viruses use multiple mechanisms to subvert
NK-cell and CTL responses. 568

13-24 Some latent viruses persist in vivo by ceasing to
replicate until immunity wanes. 571

Summary. 573

Acquired immune deficiency syndrome. 573
13-25 HIV is a retrovirus that establishes a chronic

infection that slowly progresses to AIDS. 574
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13-26 HIV infects and replicates within cells of the 
immune system. 576

13-27 Activated CD4 T cells are the major source of 
HIV replication. 578

13-28 There are several routes by which HIV is 
transmitted and establishes infection. 579

13-29 HIV variants with tropism for different co-receptors 
play different roles in transmission and progression 
of disease. 580

13-30 A genetic deficiency of the co-receptor CCR5 
confers resistance to HIV infection. 582

13-31 An immune response controls but does not 
eliminate HIV. 583

13-32 Lymphoid tissue is the major reservoir of 
HIV infection. 585

13-33 Genetic variation in the host can alter the rate of 
disease progression. 585

13-34 The destruction of immune function as a result of 
HIV infection leads to increased susceptibility to 
opportunistic infection and eventually to death. 587

13-35 Drugs that block HIV replication lead to a rapid 
decrease in titer of infectious virus and an 
increase in CD4 T cells. 588

13-36 In the course of infection HIV accumulates many 
mutations, which can result in the outgrowth of 
drug-resistant variants. 590

13-37 Vaccination against HIV is an attractive solution 
but poses many difficulties. 591

13-38 Prevention and education are important in 
controlling the spread of HIV and AIDS. 592

Summary. 593

Summary to Chapter 13. 594

Questions. 594

References. 595

Chapter 14 Allergy and Allergic Diseases 601

IgE and IgE-mediated allergic diseases. 602
14-1 Sensitization involves class switching to IgE 

production on first contact with an allergen. 603
14-2 Although many types of antigens can cause 

allergic sensitization, proteases are common 
sensitizing agents. 605

14-3 Genetic factors contribute to the development of 
IgE-mediated allergic disease. 607

14-4 Environmental factors may interact with genetic 
susceptibility to cause allergic disease. 609

14-5 Regulatory T cells can control allergic responses. 611
Summary. 612

Effector mechanisms in IgE-mediated 
allergic reactions. 612
14-6 Most IgE is cell-bound and engages effector 

mechanisms of the immune system by pathways 
different from those of other antibody isotypes. 613

14-7 Mast cells reside in tissues and orchestrate allergic 
reactions. 613

14-8 Eosinophils and basophils cause inflammation and 
tissue damage in allergic reactions. 616

14-9 IgE-mediated allergic reactions have a rapid onset 
but can also lead to chronic responses. 617

14-10 Allergen introduced into the bloodstream can cause
anaphylaxis. 619

14-11 Allergen inhalation is associated with the
development of rhinitis and asthma. 621

14-12 Allergy to particular foods causes systemic
reactions as well as symptoms limited to the gut. 624 

14-13 IgE-mediated allergic disease can be treated by 
inhibiting the effector pathways that lead to 
symptoms or by desensitization techniques 
that aim at restoring biological tolerance to
the allergen. 625

Summary. 627

Non-lgE-mediated allergic diseases. 628
14-14 Non-lgE dependent drug-induced hypersensitivity 

reactions in susceptible individuals occur by binding 
of the drug to the surface of circulating blood cells. 628

14-15 Systemic disease caused by immune-complex 
formation can follow the administration of large 
quantities of poorly catabolized antigens. 628

14-16 Hypersensitivity reactions can be mediated by TH1
cells and CD8 cytotoxic T cells. 630

14- 17 Celiac disease has features of both an allergic
response and autoimmunity. 634

Summary. 636

Summary to Chapter 14. 636

Questions. 637

References. 638

Chapter 15 Autoimmunity and Transplantation 643

The making and breaking of self-tolerance. 643
15- 1 A critical function of the immune system is to

discriminate self from nonself. 643

15-2 Multiple tolerance mechanisms normally prevent
autoimmunity. 645

15-3 Central deletion or inactivation of newly formed
lymphocytes is the first checkpoint of self-tolerance. 646

15-4 Lymphocytes that bind self antigens with relatively 
low affinity usually ignore them but in some 
circumstances become activated. 647

15-5 Antigens in immunologically privileged sites do not
induce immune attack but can serve as targets. 648

15-6 Autoreactive T cells that express particular 
cytokines may be nonpathogenic or may 
suppress pathogenic lymphocytes. 649

15-7 Autoimmune responses can be controlled at
various stages by regulatory T cells. 650

Summary. 652

Autoimmune diseases and pathogenic mechanisms. 652
15-8 Specific adaptive immune responses to self

antigens can cause autoimmune disease. 652

15-9 Autoimmunity can be classified into either organ-
specific or systemic disease. 653

15-10 Multiple components of the immune system are
typically recruited in autoimmune disease. 654

15-11 Chronic autoimmune disease develops through 
positive feedback from inflammation, inability to 
clear the self antigen, and a broadening of the 
autoimmune response. 657



5-12 Both antibody and effector T cells can cause
tissue damage in autoimmune disease. 659

■ 3 Autoantibodies against blood cells promote their
destruction. 661

15-14 The fixation of sublytic doses of complement to
cells in tissues stimulates a powerful inflammatory 
response. 661

' 5 Autoantibodies against receptors cause disease by
stimulating or blocking receptor function. 662

"5-16 Autoantibodies against extracellular antigens cause
inflammatory injury. 663

*5-17 T cells specific for self antigens can cause direct
tissue injury and sustain autoantibody responses. 665

Summary. 668

TSa genetic and environmental basis of autoimmunity. 669
' 5-18 Autoimmune diseases have a strong genetic

component. 669

* 5-^9 Genomics-based approaches are providing new
insight into the immunogenetic basis of autoimmunity. 670 

' 5-20 Many genes that predispose to autoimmunity fall 
into categories that affect one or more tolerance
mechanisms. 674

‘ 5-21 Monogenic defects of immune tolerance. 674

' 5-22 MHC genes have an important role in controlling
susceptibility to autoimmune disease. 676

* 5-23 Genetic variants that impair innate immune 
responses can predispose to T-cell-mediated 
chronic inflammatory disease. 678

"5-24 External events can initiate autoimmunity. 679

‘ 5-25 Infection can lead to autoimmune disease by
providing an environment that promotes lymphocyte 
activation. 680

15-26 Cross-reactivity between foreign molecules on
pathogens and self molecules can lead to antiself 
responses and autoimmune disease. 680

15-27 Drugs and toxins can cause autoimmune syndromes. 682

15-28 Random events may be required for the initiation
of autoimmunity. 682

Summary. 682

Responses to alloantigens and transplant rejection. 683
15-29 Graft rejection is an immunological response

mediated primarily by T cells. 683

15-30 Transplant rejection is caused primarily by the strong
immune response to nonself MHC molecules. 684

15-31 In МНС-identical grafts, rejection is caused by 
peptides from other alloantigens bound to graft 
MHC molecules. 685

15-32 There are two ways of presenting alloantigens on the 
transplanted donor organ to the recipient’s 
T lymphocytes. 686

15-33 Antibodies that react with endothelium cause
hyperacute graft rejection. 688

15-34 Late failure of transplanted organs is caused by
chronic injury to the graft. 688

15-35 A variety of organs are transplanted routinely in
clinical medicine. 689

15-36 The converse of graft rejection is graft-versus-
host disease. 691

15-37 Regulatory T cells are involved in alloreactive
immune responses. 692

15- 38 The fetus is an allograft that is tolerated repeatedly. 693

Summary. 694

Summary to Chapter 15. 694

Questions. 695

References. 696

Chapter 16 Manipulation of the
Immune Response 701

Treatment of unwanted immune responses. 701
16- 1 Corticosteroids are powerful anti-inflammatory

drugs that alter the transcription of many genes. 702

16-2 Cytotoxic drugs cause immunosuppression by
killing dividing cells and have serious side-effects. 703

16-3 Cyclosporin A, tacrolimus, rapamycin, and JAK
inhibitors are effective immunosuppressive agents 
that interfere with various T-cell signaling pathways. 704

16-4 Antibodies against cell-surface molecules can be
used to eliminate lymphocyte subsets or to inhibit 
lymphocyte function. 706

16-5 Antibodies can be engineered to reduce their
immunogenicity in humans. 707

16-6 Monoclonal antibodies can be used to prevent
allograft rejection. 708

16-7 Depletion of autoreactive lymphocytes can treat
autoimmune disease. 710

16-8 Biologies that block TNF-a, IL-1, or IL-6 can
alleviate autoimmune diseases. 711

16-9 Biologic agents can block cell migration to sites of
inflammation and reduce immune responses. 712

16-10 Blockade of co-stimulatory pathways that activate 
lymphocytes can be used to treat autoimmune 
disease. 713

16-11 Some commonly used drugs have
immunomodulatory properties. 713

16-12 Controlled administration of antigen can be used 
to manipulate the nature of an antigen-specific 
response. 714

Summary. 714

Using the immune response to attack tumors. 716
16-13 The development of transplantable tumors in mice 

led to the discovery of protective immune 
responses to tumors. 716

16-14 Tumors are ‘edited’ by the immune system as they
evolve and can escape rejection in many ways. 717

16-15 Tumor rejection antigens can be recognized by
T cells and form the basis of immunotherapies. 720

16-16 T cells expressing chimeric antigen receptors are
an effective treatment in some leukemias. 723

16-17 Monoclonal antibodies against tumor antigens,
alone or linked to toxins, can control tumor growth. 724 

16-18 Enhancing the immune response to tumors by 
vaccination holds promise for cancer prevention 
and therapy. 726

16-19 Checkpoint blockade can augment immune
responses to existing tumors. 727

Summary. 728



Fighting infectious diseases with vaccination. 729
16-20 Vaccines can be based on attenuated pathogens

or material from killed organisms. 730

16-21 Most effective vaccines generate antibodies that 
prevent the damage caused by toxins or that 
neutralize the pathogen and stop infection. 731

16-22 Effective vaccines must induce long-lasting
protection while being safe and inexpensive. 732

16-23 Live-attenuated viral vaccines are usually more
potent than ‘killed’ vaccines and can be made safer 
by the use of recombinant DNA technology. 732

16-24 Live-attenuated vaccines can be developed by
selecting nonpathogenic or disabled bacteria or by 
creating genetically attenuated parasites (GAPs). 734

16-25 The route of vaccination is an important
determinant of success. 735

16-26 Bordetella pertussis vaccination illustrates the
importance of the perceived safety of a vaccine. 736

16-27 Conjugate vaccines have been developed as a
result of linked recognition between T and В cells. 737

16-28 Peptide-based vaccines can elicit protective 
immunity, but they require adjuvants and must 
be targeted to the appropriate cells and cell
compartment to be effective. 738

16-29 Adjuvants are important for enhancing the
immunogenicity of vaccines, but few are approved
for use in humans. 739

16-30 Protective immunity can be induced by DNA-based
vaccination. 740

16-31 Vaccination and checkpoint blockade may be
useful in controlling existing chronic infections. 741

Summary. 742
Summary to Chapter 16. 742
Questions. 743
References. 744

A-14 Immunoblotting (Western blotting). 764
A-15 Use of antibodies in the isolation and 

characterization of multiprotein complexes
by mass spectrometry. 764

A-16 Isolation of peripheral blood lymphocytes by density-
gradient fractionation. 766

A-17 Isolation of lymphocytes from tissues other than
blood. 766

A-18 Flow cytometry and FACS analysis. 767

A-19 Lymphocyte isolation using antibody-coated
magnetic beads. 770

A-20 Isolation of homogeneous T-cell lines. 770

A-21 Limiting-dilution culture. 771

A-22 ELISPOT assay. 773

A-23 Identification of functional subsets of T cells based 
on cytokine production or transcription factor
expression. 773

A-24 Identification of T-cell receptor specificity using peptideiMHC
tetramers. 776

A-25 Biosensor assays for measuring the rates of 
association and dissociation of antigen receptors
for their ligands. 777

A-26 Assays of lymphocyte proliferation. 778
A-27 Measurements of apoptosis. 779

A-28 Assays for cytotoxic T cells. 780

A-29 Assays for CD4 T cells. 782

A-30 Transfer of protective immunity. 782

A-31 Adoptive transfer of lymphocytes. 783

A-32 Hematopoietic stem-cell transfers. 784

A-33 In vivo administration of antibodies. 785
A-34 Transgenic mice. 786

A-35 Gene knockout by targeted disruption. 786
A-36 Knockdown of gene expression by

RNA interference (RNAi). 790
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