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Protective Effector Functions Vary among Antibody Classes

Antibodies Have Many Therapeutic Uses in Treating Diseases

Cell-Mediated Effector Responses

Cytotoxic T Lymphocytes Recognize and Kill Infected or Tumor Cells via T-Cell
Receptor Activation

Natural Killer Cell Activity Depends on the Balance of Activating and Inhibitory Signals

NKT Cells Bridge the Innate and Adaptive Immune Systems

Conclusion

References

Study Questions

Chapter 13: Barrier Immunity: The Immunology of Mucosa and Skin

Common Themes in Barrier Immune Systems

All Barrier Surfaces Are Lined by One or More Layers of Epithelial Cells

Barrier Organs Are Populated by Innate and Adaptive Immune Cells That Interact with
Epithelium and Secondary Lymphoid Tissue

Barrier Immune Systems Initiate Both Tolerogenic and Inflammatory Responses to
Microorganisms

Intestinal Immunity

The Gut Is Organized into Different Anatomical Sections and Tissue Layers

Gut Epithelial Cells Vary in Phenotype and Function

Setting the Stage: Maintaining Immune Homeostasis in the Intestine

The Gut Immune System Maintains a Barrier between the Microbiome and the
Epithelium

Antigen Is Delivered from the Intestinal Lumen to Antigen-Presenting Cells in Multiple
Ways

Immune Homeostasis in the Intestine Is Promoted by Several Innate and Adaptive Cell
Types

The Immune Systems in the Small and Large Intestines Differ

Commensal Microbes Help Maintain Tolerogenic Tone in the Intestine

Springing into Action: Intestinal Immune System Response to Invasion

The Gut Immune System Recognizes and Responds to Harmful Pathogens

The Intestinal Immune System Can Mount Both Type 1 and Type 2 Responses
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Dysbiosis, Inflammatory Bowel Disease, and Celiac Disease

Other Barrier Immune Systems

The Respiratory Immune System Shares Many Features with the Intestinal Immune
System

The Skin Is a Unique Barrier Immune System

Conclusion

References

Study Questions

Chapter 14: The Adaptive Immune Response in Space and Time

Immune Cells in Healthy Tissue: Homeostasis

Naïve Lymphocytes Circulate between Secondary and Tertiary Lymphoid Tissues

Extravasation Is Driven by Sequential Activation of Surface Molecules

Naïve Lymphocytes Browse for Antigen along the Reticular Network of Secondary
Lymphoid Organs

Immune Cell Response to Antigen: The Innate Immune Response

Innate Immune Cells Are Activated by Antigen Binding to Pattern Recognition
Receptors

Antigen Travels in Two Different Forms to Secondary Lymphoid Tissue via Afferent
Lymphatics

Antigen-Presenting Cells Presenting Processed Antigen Travel to the T-Cell Zones of
Secondary Lymphoid Tissue

Unprocessed Antigen Travels to the B-Cell Zones

Blood-Borne Antigen Is Captured by Specialized APCs at the Marginal Zone of the
Spleen

First Contact between Antigen and Lymphocytes

Naïve CD4  T Cells Arrest Their Movements after Engaging Antigens

B Cells Seek Help from CD4  T Cells at the Border between the Follicle and Paracortex
of the Lymph Node

Dynamic Imaging Adds New Perspectives on B- and T-Cell Behavior in Germinal
Centers

CD8  T Cells Are Activated in the Lymph Node via a Multicellular Interaction

A Summary of the Timing of a Primary Response

Differentiation into Central Memory T Cells Begins Early in the Primary Response

The Immune Response Contracts within 10 to 14 Days

The Effector and Memory Cell Response

Activated Lymphocytes Exit the Lymph Node and Recirculate through Various Tissues

Chemokine Receptors and Adhesion Molecules Regulate Homing of Memory and
Effector Lymphocytes to Peripheral Tissues

+

+

+
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The Immune Response: Case Studies

CD8  T-Cell Response to Infection with Toxoplasma gondii

Resident Memory T-Cell Response to Herpes Simplex Virus Infection

Host Immune Cell Response to a Tissue Graft

Dendritic Cell Contribution to Listeria Infection

T-Cell Response to Tumors

Regulatory T Cells Inhibit the Immune Response in Multiple Ways

Conclusion

References

Study Questions

Chapter 15: Allergy, Hypersensitivities, and Chronic Inflammation

Allergies: Type I Hypersensitivity

IgE Antibodies Are Responsible for Type I Hypersensitivity

Many Allergens Can Elicit a Type I Response

IgE Antibodies Act by Binding Antigen, Resulting in the Cross-Linking of Fcε Receptors

IgE Receptor Signaling Is Tightly Regulated

Granulocytes Produce Molecules Responsible for Type I Hypersensitivity Symptoms

Type I Hypersensitivities Are Characterized by Both Early and Late Responses

There Are Several Categories of Type I Hypersensitivity Reactions

Susceptibility to Type I Hypersensitivity Reactions Is Influenced by Both
Environmental Factors and Genetics

Diagnostic Tests and Treatments Are Available for Allergic Reactions

Why Did Allergic Responses Evolve?

Antibody-Mediated (Type II) Hypersensitivity

Transfusion Reactions Are an Example of Type II Hypersensitivity

Hemolytic Disease of the Newborn Is Caused by Type II Reactions

Hemolytic Anemia Can Be Drug Induced

Immune Complex–Mediated (Type III) Hypersensitivity

Immune Complexes Can Damage Various Tissues

Immune Complex–Mediated Hypersensitivity Can Resolve Spontaneously

Auto-Antigens Can Be Involved in Immune Complex–Mediated Reactions

Arthus Reactions Are Localized Type III Hypersensitivity Reactions

Delayed-Type (Type IV) Hypersensitivity

The Initiation of a Type IV DTH Response Involves Sensitization by Antigen

The Effector Phase of a Classical DTH Response Is Induced by Second Exposure to a
Sensitizing Antigen

The DTH Reaction Can Be Detected by a Skin Test

+
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Contact Dermatitis Is a Type IV Hypersensitivity Response

Chronic Inflammation

Infections Can Cause Chronic Inflammation

There Are Noninfectious Causes of Chronic Inflammation

Obesity Is Associated with Chronic Inflammation

Chronic Inflammation Can Cause Systemic Disease

Conclusion

References

Study Questions

Chapter 16: Tolerance, Autoimmunity, and Transplantation

Establishment and Maintenance of Tolerance

Antigen Sequestration, or Evasion, Is One Means to Protect Self Antigens from Attack

Central Tolerance Processes Occur in Primary Lymphoid Organs

Cells That Mediate Peripheral Tolerance Are Generated Outside Primary Lymphoid
Organs

Multiple Immune Cell Types Work in the Periphery to Inhibit Anti-Self Responses

Autoimmunity

Some Autoimmune Diseases Target Specific Organs

Some Autoimmune Diseases Are Systemic

Both Intrinsic and Extrinsic Factors Can Favor Susceptibility to Autoimmune Disease

What Causes Autoimmunity?

Treatments for Autoimmune Disease Range from General Immune Suppression to
Targeted Immunotherapy

Transplantation Immunology

Demand for Transplants Is High, but Organ Supplies Remain Low

Antigenic Similarity between Donor and Recipient Improves Transplant Success

Some Organs Are More Amenable to Transplantation Than Others

Matching Donor and Recipient Involves Prior Assessment of Histocompatibility

Allograft Rejection Follows the Rules of Immune Specificity and Memory

Graft Rejection Takes a Predictable Clinical Course

Immunosuppressive Therapy Can Be Either General or Target-Specific

Immune Tolerance to Allografts Is Favored in Certain Instances

Conclusion

References
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Chapter 17: Infectious Diseases and Vaccines

The Importance of Barriers and Vectors in Infectious Disease
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The Link between Location and Immune Effector Mechanism

Mucosal or Barrier Infections Are Typically Controlled by T 2-Type Responses

Extracellular Pathogens Must Be Recognized and Attacked Using Extracellular Tools

Mechanisms That Recognize Infected Host Cells Are Required to Combat Intracellular
Infections

Viral Infections

The Antiviral Innate Response Provides Key Instructions for the Later Adaptive
Response

Many Viruses Are Neutralized by Antibodies

Cell-Mediated Immunity is Important for Viral Control and Clearance

Viruses Employ Several Strategies to Evade Host Defense Mechanisms

The Imprinting of a Memory Response Can Influence Susceptibility to Future Viral
Infection

Bacterial Infections

Immune Responses to Extracellular and Intracellular Bacteria Differ

Bacteria Can Evade Host Defense Mechanisms at Several Different Stages

Parasitic Infections

Protozoan Parasites Are a Diverse Set of Unicellular Eukaryotes

Parasitic Worms (Helminths) Typically Generate Weak Immune Responses

Fungal Infections

Innate Immunity Controls Most Fungal Infections

Immunity against Fungal Pathogens Can Be Acquired

Emerging and Re-emerging Infectious Diseases

Some Noteworthy New Infectious Diseases Have Appeared Recently

Diseases May Re-emerge for Various Reasons

Vaccines

Basic Research and Rational Design Advance Vaccine Development

Protective Immunity Can Be Achieved by Active or Passive Immunization

There Are Several Vaccine Strategies, Each with Unique Advantages and Challenges

Adding a Conjugate or Multivalent Component Can Improve Vaccine Immunogenicity

Adjuvants Are Included to Enhance the Immune Response to a Vaccine

Conclusion

References
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Chapter 18: Immunodeficiency Diseases

Primary Immunodeficiencies

Primary Immunodeficiency Diseases Are Often Detected Early in Life
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Combined Immunodeficiencies Disrupt Adaptive Immunity

B-Cell Immunodeficiencies Exhibit Depressed Production of One or More Antibody
Isotypes

Disruptions to Innate Immune Components May Also Impact Adaptive Responses

Complement Deficiencies Are Relatively Common

NK-Cell Deficiencies Increase Susceptibility to Viral Infections and Cancer

Immunodeficiency Disorders That Disrupt Immune Regulation Can Manifest as
Autoimmunity

Immunodeficiency Disorders Are Treated by Replacement Therapy

Animal Models of Immunodeficiency Have Been Used to Study Basic Immune
Function

Secondary Immunodeficiencies

Secondary Immunodeficiencies May Be Caused by a Variety of Factors

HIV/AIDS Has Claimed Millions of Lives Worldwide

The Retrovirus HIV-1 Is the Causative Agent of AIDS

HIV-1 is Spread by Intimate Contact with Infected Body Fluids

In Vitro Studies Have Revealed the Structure and Life Cycle of HIV

HIV Variants with Preference for CCR5 or CXCR4 Coreceptors Play Different Roles in
Infection

Infection with HIV Leads to Gradual Impairment of Immune Function

Changes over Time Lead to Progression to AIDS

Antiretroviral Therapy Inhibits HIV Replication, Disease Progression, and Infection of
Others

A Vaccine May Be the Only Way to Stop the HIV/AIDS Pandemic

Conclusion

References

Study Questions

Chapter 19: Cancer and the Immune System

Terminology and the Formation of Cancer

Accumulated DNA Alterations or Translocation Can Induce Cancer

Genes Associated with Cancer Control Cell Proliferation and Survival

Malignant Transformation Involves Multiple Steps

Tumor Antigens

Tumor-Specific Antigens Contain Unique Sequences

Tumor-Associated Antigens Are Normal Cellular Proteins with Unique Expression
Patterns

The Immune Response to Cancer

Immunoediting Can Both Protect Against and Promote Tumor Growth
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Innate and Adaptive Pathways Participate in Cancer Detection and Eradication

Some Immune Response Elements Can Promote Cancer Survival

Tumor Cells Evolve to Evade Immune Recognition and Apoptosis

Anticancer Immunotherapies

Monoclonal Antibodies Can Be Used to Direct the Immune Response to Tumor Cells

Tumor-Specific T Cells Can Be Expanded, or Even Created

Therapeutic Vaccines May Enhance the Antitumor Immune Response

Manipulation of Comodulatory Signals, Using Checkpoint Blockade

Conclusion

References

Study Questions

Chapter 20: Experimental Systems and Methods

Antibody Generation

Polyclonal Antibodies Are Secreted by Multiple Clones of Antigen-Specific B Cells

A Monoclonal Antibody Is the Product of a Single Stimulated B Cell

Monoclonal Antibodies Can Be Modified for Use in the Laboratory or the Clinic

Immunoprecipitation- and Agglutination-Based Techniques

Immunoprecipitation Can Be Performed in Solution

Immunoprecipitation of Soluble Antigens Can Be Performed in Gel Matrices

Immunoprecipitation Enables Isolation of Specific Molecules from Cell and Tissue
Extracts

Hemagglutination Reactions Can Be Used to Detect Any Antigen Conjugated to the
Surface of Red Blood Cells

Hemagglutination Inhibition Reactions Are Used to Detect the Presence of Viruses and
of Antiviral Antibodies

Bacterial Agglutination Can Be Used to Detect Antibodies to Bacteria

Antibody Assays Based on Molecules Bound to Solid-Phase Supports

Radioimmunoassays Are Used to Measure the Concentrations of Biologically Relevant
Proteins and Hormones in Body Fluids

ELISAs Use Antibodies or Antigens Covalently Bound to Enzymes

ELISPOT Assays Measure Molecules Secreted by Individual Cells

Western Blotting Is an Assay That Can Identify a Specific Protein in a Complex Protein
Mixture

Methods to Determine the Affinity of Antigen-Antibody Interactions

Equilibrium Dialysis Can Be Used to Measure Antibody Affinity for Antigen

Surface Plasmon Resonance Is Now Commonly Used for Measurements of Antibody
Affinity

Antibody-Mediated Microscopic Visualization of Cells and Subcellular Structures
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Immunocytochemistry and Immunohistochemistry Use Enzyme-Conjugated
Antibodies to Create Images of Fixed Tissues

Immunoelectron Microscopy Uses Gold Beads to Visualize Antibody-Bound Antigens

Immunofluorescence-Based Imaging Techniques

Fluorescence Can Be Used to Visualize Cells and Molecules

Confocal Fluorescence Microscopy Provides Three-Dimensional Images of
Extraordinary Clarity

Multiphoton Fluorescence Microscopy Is a Variation of Confocal Microscopy

Intravital Imaging Allows Observation of Immune Responses in Vivo

Visualization and Analysis of DNA Sequences in Intact Chromatin

Flow Cytometry and Cell Sorting

The Flow Cytometer Measures Scattered and Fluorescent Light from Cells Flowing Past
a Laser Beam

Sophisticated Software Allows the Investigator to Identify Individual Cell Populations
within a Sample

Flow Cytometers and Fluorescence-Activated Cell Sorters Have Important Clinical
Applications

The Analysis of Multicolor Fluorescence Data Has Required the Development of
Increasingly Sophisticated Software

CyTOF Uses Antibodies to Harness the Power of Mass Spectrometry

Magnets Can Be Used in a Gentle, Sterile Method for Sorting Cells

Cell Cycle Analysis

Tritiated Thymidine Uptake Was One of the First Methods Used to Assess Cell Division

Colorimetric Assays for Cell Division Are Rapid and Eliminate the Use of Radioactive
Isotopes

Bromodeoxyuridine-Based Assays for Cell Division Use Antibodies to Detect Newly
Synthesized DNA

Propidium Iodide Enables Analysis of the Cell Cycle Status of Cell Populations

Carboxyfluorescein Succinimidyl Ester Can Be Used to Follow Cell Division

Assays of Cell Death

The Cr Release Assay Was the First Assay Used to Measure Cell Death

Fluorescently Labeled Annexin A5 Measures Phosphatidylserine in the Outer Lipid
Envelope of Apoptotic Cells

The TUNEL Assay Measures Apoptotically Generated DNA Fragmentation

Caspase Assays Measure the Activity of Enzymes Involved in Apoptosis

Analysis of Chromatin Structure

Chromatin Immunoprecipitation Experiments Characterize Protein-DNA Interactions

Chromosome Conformation Capture Technologies Analyze Long-Range Chromosomal
DNA Interactions
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CRISPR-Cas9

Whole-Animal Experimental Systems

Animal Research Is Subject to Federal Guidelines That Protect Nonhuman Research
Species

Inbred Strains Reduce Experimental Variation

Congenic Strains Are Used to Study the Effects of Particular Gene Loci on Immune
Responses

Adoptive Transfer Experiments Allow in Vivo Examination of Isolated Cell Populations

Transgenic Animals Carry Genes That Have Been Artificially Introduced

Knock-in and Knockout Technologies Replace an Endogenous with a Nonfunctional or
Engineered Gene Copy

The Cre/lox System Enables Inducible Gene Deletion in Selected Tissues
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Study Questions

Appendix I: CD Antigens

Appendix II: Cytokines and Associated JAK-STAT Signaling Molecules

Appendix III: Chemokines and Chemokine Receptors

Glossary

Answers to Study Questions
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Preface
Like all of the previous authors of this book, we are dedicated to the concept that immunology is

best taught and learned in an experimentally based manner, and we have retained that emphasis

with this edition. It is our goal that students should complete an immunology course not only with

a firm grasp of content, but also with a clear sense of how key discoveries were made, what

interesting questions remain, and how they might best be answered. We believe that this approach

ensures that students master fundamental immunological concepts, internalize a vision of

immunology as an active and ongoing process, and develop the ability to contribute to new

knowledge, themselves. Guided by this vision, this new edition has been extensively updated to

reflect the recent advances in all aspects of our discipline.
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New Co-Author, Pat Jones

The new edition of Kuby Immunology welcomes a new member to our author team, Patricia P.

Jones, who had been a contributing author to the seventh edition. Dr. Jones is professor of biology

at Stanford University and holds the Dr. Nancy Chang Professorship in Humanities and Sciences.

Having earned her undergraduate degree in biology from Oberlin College and her Ph.D. in biology,

with a focus on immunology, from Johns Hopkins University, Dr. Jones did postdoctoral training at

both UCSF and Stanford University School of Medicine before joining the faculty at Stanford. She

and her research group have made fundamental contributions to our understanding of the

genetics, structure, and expression of MHC class II proteins and of mechanisms regulating

adaptive and innate immune responses. Dr. Jones has served in various leadership positions at

Stanford, including chairing the Department of Biology and the Faculty Senate, and serving as vice

provost for faculty development and diversity. She was the founding director of the Ph.D. Program

in Immunology and currently holds the position of Director of Stanford Immunology, which

oversees all immunology training–related activities at Stanford. Dr. Jones has taught students at all

levels, including teaching for many years the basic molecular and cellular immunology course for

undergraduate and graduate students at Stanford. Her dedication to teaching and her enthusiasm

for immunology shine through in her work.
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Understanding the Big Picture
Two of the most challenging aspects of teaching immunology are the many important details (cell

types, proteins, interactions, and terminology) and the interconnected or circular nature of the

response. We find that students often fail to recognize how these pieces work together in an

immune response that is dynamic. Our primary goal in the eighth edition is to bring this big

picture to the forefront by providing a map or scaffold that both faculty and students can refer to in

order to draw regular connections between concepts and individual players in the immune

response.
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Concepts and Context
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A Conceptual Approach to Signaling
Chapter 3 (Recognition and Response) now combines a description of the antigen receptors of

innate and adaptive immunity with a brief introduction to cytokines, chemokines, and their

respective receptors, formerly found in Chapter 4. Using a conceptual approach, Chapter 3 now

foregrounds the major concepts required for understanding the processes of signal recognition

and signal transduction throughout the immune system. We highlight the diverse roles of receptor

diversity, multivalency, coreceptors, lipid rafts, and multiple signaling pathways in the regulation

of immune responsiveness.
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New Chapter—Barrier Immunity and the Microbiome
Research on the interaction between the microbiome and the immune response has flourished in

recent years. Not only do our immune cells shape the diverse communities of microbes that live on

our epithelial surfaces, but these communities have a powerful influence on the development and

activity of a healthy immune system. The eighth edition of Kuby Immunology now includes a new

chapter, Barrier Immunity: The Immunology of Mucosa and Skin (Chapter 13), that reviews our

new understanding of the interaction between microbes and immunity at epithelial surfaces,

including mucosal tissues and skin.
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Advances in Immunology—Other Notable Updates
Immunology is a rapidly growing field, with new discoveries, advances in techniques, and

previously unappreciated connections coming to light every day. In addition to a new chapter on

barrier immunity, the eighth edition of Kuby Immunology has been thoroughly updated

throughout, and now includes the following material and concepts.

Natural killer (NK) cells are now recognized to be a subset of a larger group of innate
lymphoid cells (ILCs) with characteristics similar to T  cell subsets, but that originate in the
myeloid lineage. ILCs are introduced in Chapter 2 and their roles in the innate and adaptive
immune responses are discussed in Chapters 4 and 10, respectively.

Exciting new immunotherapeutic approaches for treating a variety of conditions are
described in Chapters 12, 15, 18, and 20.

The role of the microbiome and its interactions with the immune system in health and
disease is discussed in Chapters 1, 11, 13, 15, and 16.

Insights gained from advanced imaging technology continue to be updated. For example,
Chapter 6 describes immunofluorescence techniques that reveal changes in chromosomal
organization accompanying V(D)J recombination.

H
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New boxes have been added on the following topics:
Classic Experiment Box 4-1: Discovery of Invertebrate Toll and Vertebrate Toll-Like
Receptors

Advances Box 5-2: The role of complement in the development of the nervous system and
vision

Evolution Box 6-3: The evolution of V(D)J recombination and RAG genes

Clinical Focus Box 7-3: MHC expression and Tasmanian devil facial tumor disease

Clinical Focus Box 10-2: Checkpoint inhibitors and cancer therapy

Advances Box 10-4: Jumping genes, T  cells and the evolution of immune tolerance during
pregnancy

Advances Box 11-1: Tracking the movements of B cells between the dark and light zones of
the germinal center

Clinical Focus Box 12-1: Therapeutic antibodies for the treatment of diseases

Advances Box 13-1: Cells involved in barrier immunity

Clinical Focus Box 13-2: Communication between the gut and the brain

Advances Box 13-3: Germ-free animal model systems

Clinical Focus Box 17-1: Zika virus and vaccine development

Advances Box 18-2: Broadly neutralizing antibodies to HIV

Clinical Focus Box 19-2: CAR-T cells as a potential cancer cure

REG
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LaunchPad for Kuby Immunology
The eighth edition of Kuby Immunology is fully supported in LaunchPad. We designed LaunchPad

as a resource to help students achieve better results. Our goal was to increase their confidence by

providing a place where they could read, study, practice, complete homework, and succeed. In

addition, LaunchPad always provides instructors and students with superior service and support,

based on Macmillan’s legendary high-quality content. LaunchPad includes a suite of supplements

that build on the text by engaging students inside and outside the classroom.

In-Class Activities—In many classrooms, student engagement is key to addressing misconceptions

and reinforcing important concepts. The Kuby Immunology authors have provided instructions

and materials for a variety of activities they use in their own classrooms to engage students. These

tried-and-true activities range in length and complexity and can serve as a springboard for active

learning in the classroom.

Case Studies—Interpreting experimental data is essential in understanding immunology. These

case studies explore immune function, disease, and treatment through the application of primary

research and data. Students are led through a series of experiments and challenged to interpret the

data and draw conclusions. By integrating experimental techniques from immunology, molecular

biology, and biochemistry, these case studies teach students to think critically and synthesize their

knowledge of immunology and other branches of science.
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Animations—Many of the most difficult topics in immunology are multistep events that are best

visualized through animations. We have created a suite of 2D animations for the eighth edition that

walk students through these difficult topics, showing each step of the process. Each animation is

accompanied by assessments.

Videos—Dynamic imaging techniques allow immunologists to observe the immune system at work

in vivo. These striking videos show a T cell crawling along a network of stromal cells, the change in

behavior when a naïve B cell is activated, and the chemotactic response of neutrophils to a site of

damage.

49



Learning Curve—LearningCurve adaptive quizzing offers individualized question sets and

feedback for each student based on his or her correct and incorrect responses. All the questions

are tied back to the e-Book to encourage students to use the resources at hand.

e-Book—The Kuby Immunology, Eighth Edition, e-Book is available through Vital Source and

LaunchPad. This fully enhanced e-Book includes embedded animations and videos, as well as web

links to additional resources. e-Book access can be purchased through the Macmillan Student Store
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and represents a significant cost savings versus a printed copy of the book.

Advanced Online Material—Feature boxes within the text describe clinical connections, classic

experiments, technological advances, and evolutionary aspects of the immunology topics

discussed. Boxes and other content that have been retired from the print text are available for

instructor download at the catalog site.

Test Bank—The Kuby Immunology test bank has been expanded to include more higher-order

questions in both multiple choice and short answer formats. Over 700 dynamic questions in PDF

and editable Word formats are rated by level of difficulty and Bloom’s taxonomy level, and tagged

to specific sections of the text.

Optimized Art—Fully optimized JPEG files of every figure, photo, and table in the text are

available, featuring enhanced color, higher resolution, and enlarged fonts. Images are also offered

in PowerPoint format for each chapter.
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CHAPTER 1 Overview of the Immune System

A human macrophage (red) ingesting Mycobacterium tuberculosis (green), the bacterium that causes tuberculosis.
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