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Immunology, Immune Response, and Immunological Testing
 CH 13 and 15.5
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Lines of Defense• If the First and Second lines of defense fail,
 then the Third line of defense is activated.• B and T lymphocytes undergo a selective process that prepares them for reacting only to one specific antigen or immunogen
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The Third and Final Line of Defense:Specific Immunity
 Adaptive immunity acquired only after an immunizing event such as an infection or vaccine
 Two features that characterize the specific immune response are specificity and memory:
 – antibodies produced against the chickenpox virus will not function against the measles virus
 – lymphocytes have been programmed to “recall” their first engagement with an antigen and rush to the attack once again
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Immunology Terminology• Immunocompetence
 • The ability of the body to react with countless foreign substances
 • Immunity• a SPECIFIC defensive response to an invasion by
 foreign organisms or other substances• Serology
 • the study of reactions between antibodies and antigens
 • Immune Serum globulin/gamma globulin• Antibody rich part of serum
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Specific Immunity •Antigens or immunogens:
 –molecules that stimulate a response by B and T cells
 -protein or polysaccharide molecules on or inside cells and viruses
 -any exposed or released protein or polysaccharide is potentially an antigen
 -foreign molecules that stimulate an immune response
 -unlike PAMPs, antigens are highly individual and stimulate specific immunity
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Principal Stages of Specific Immunity
 1. lymphocyte development and differentiation
 2. presentation of antigens
 3. challenge of B and T cells by antigens
 4. T-lymphocyte response: cell-mediated immunity
 5. B-lymphocyte response: production and activities of antibodies
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Overview of the Immune Response• All lymphocytes arise from the same basic stem cell type
 • B cells mature in specialized bone marrow sites
 • T cells mature in the thymus
 • Both cell types migrate to separate areas of lymphoid organs
 • B and T cells constantly recirculate through the circulatory system and lymphatics, migrating into and out of the lymphoid organs
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Overview of the Immune Response
 1. lymphocyte development and differentiation
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Overview of the Immune Response
 2. presentation of antigens
 3. challenge of B and T cells by antigens• B and T cells proliferate and differentiate
 - a clone, group of genetically identical cells, are created- some clones are memory cells that will ensure the future
 recognition to a specific antigen
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4. T-lymphocyte response: cell-mediated immunity
 5. B-lymphocyte response: production and activities of antibodies
 Overview of the Immune Response
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Entrance and Presentation of Antigens and Clonal Selection
 • When pathogens carrying antigens cross the first line of defense:- resident macrophages migrate to the portal of entry
 - tissue macrophages ingest the pathogen and initiate inflammation
 - pathogen is processed and to present to T lymphocytes
 - antigens can activate B cells, most of the time helper T cells are needed
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Markers and Receptors in Presentation and Activation
 • All cells have a variety of different markers on their surfaces for detection, recognition, communication
 • Major histocompatibility complex (MHC): These “self” receptors are expressed on the outside of an individual’s cells is are specific to that individual.
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Markers and Receptors: Major Histocompatibility Complex (MHC):
 • When you hear of the importance of tissue typing, they are referring to the type (conformation) of the MHC receptor. Ex. transplant
 Class II MHC found on sometypes of white blood cells
 (Class I are here also, of course).
 Class I MHC molecule found onall nucleated human cells.
 Antigenbindingcleft
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Markers and Receptors: Lymphocyte Receptors
 • Major role is to “accept” or “grasp” antigens in some form– B cells have receptors that bind antigens
 – T cells have receptors that bind antigens that have been processed and complex with MHC molecules on the presenting cell surface
 – receptors have the capacity to respond to a nearly infinite number of unique antigens
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Stage I: The Development of
 Lymphocyte Diversity
 Stage II: Presentation of Antigens
 Stages III and IV: T-Cell Response
 Stages III and IV:
 B-Cell Response
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Stage I-The Development of Lymphocyte Diversity: T-Cell
 • Specific events in T-Cell Maturation– maturation of T cells and
 development of their receptors is directed by the thymus gland and its hormones
 • Different CD receptors are present on the T cell to bind to MHCs and other molecules– These CD receptors are used
 clinically to ID the various T cells.
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Stage I-The Development of Lymphocyte Diversity: B-Cell
 - Stromal cells in the bone marrow provide chemical signals that initiate B-cell development
 - naïve lymphocytes circulate in the blood, “homing” to specific sites in the lymph nodes, spleen, and gut- associated lymphoid tissue
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The Specific B-Cell Receptor: An Immunoglobulin Molecule
 • Epitope: portion of antigen that binds antibody.
 • Immunoglobulin (Ig): large glycoprotein molecules that serve as the antigen receptors of B cells. When secreted they are antibodies
 • Immunoglobulin structure:– antigen binding sites: pockets in the ends of
 the forks of the molecules that can be highly variable in shape to fit a wide range of antigens
 – variable regions: areas of extreme versatility in aa sequence from one clone to another
 – constant regions: amino content does not vary greatly from one antibody to another
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Stage I-The Development of Lymphocyte Diversity: The Origin of Immunologic Diversity• By the time B and T cells reach
 lymphoid tissues, each one is equipped to respond to a single unique antigen
 • Diversity is generated by rearrangement of gene segments that code for antigen receptors on T and B cells– every possible recombination
 occurs, leading to a huge assortment of lymphocytes
 – estimated 10 trillion different specificities
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• Clone: each genetically unique line of lymphocytes arising from recombination.
 • Clonal selection : the mechanism by which the exactly correct B or T cell is activated by any incoming antigen. Each genetically distinct lymphocyte expresses only a single specificity and can react to only one type of antigen
 • Clonal expansion: the rapid multiplication of B or T cell clones after activation by an antigen
 Stage I-The Development of Lymphocyte Diversity: Clonal Selection and Expansion
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• Clonal deletion: removes any T or B cell that can potentially react to self before any potential damage can occur
 • Autoimmunity: loss of immune tolerance through the survival of “forbidden clones”
 Stage I-The Development of Lymphocyte Diversity: Clonal Selection and Expansion
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Stage II: Presentation of Antigens
 • Most antigens fall into the following categories– proteins and polypeptides: enzymes, cell surface
 structures, and exotoxins– lipoproteins: cell membranes– glycoproteins: blood cell markers– nucleoproteins: DNA complexed to proteins, but
 not pure DNA– polysaccharides (certain bacterial capsules)– lipopolysaccharides
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Stage II: Presentation of Antigens• To initiate an immune
 response, a substance must be large enough to “catch the attention” of surveillance cells large,
 • Complex macromolecules of 100,000 Daltons are the most immunogenic– size alone is not sufficient for
 antigenicity– highly repetitious structures are
 not immunogenic– insulin at 6,000 Daltons is
 immunogenic
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Stage II: Presentation of Antigens
 • In most immune reactions, the antigen must be further acted upon and formally presented to lymphocytes by antigen presenting cells (APCs)Examples of APCs: macrophages, B cells, dendritic cells
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Stage II: Presentation of Antigens
 • After processing is complete, the antigen will be bound to the MHC receptor and moved to the surface of the APC so it will be readily accessible to T lymphocytes
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Stage II: Presentation of Antigens• The activated T cell is central to all of T-cell immunity
 and most of B-cell immunity
 • Most antigens must be presented first to T cells, even though they will eventually activate both the T-cell and B-cell systems
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Stages III and IV: T-Cell Response
 • Cell-Mediated Immunity (CMI)• actions of T cells are dictated by the APCs that
 activate them• all T cells produce cytokines with a spectrum of
 biological effects
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T Cell Antigen Response: Cell-Mediated Immunity (CMI)
 • When an antigen is detected a T-cell will differentiate in to one of the following:- helper T cells: activate macrophages, assist
 B-cell processes, and help activate cytotoxic T cells
 - regulatory T cells: control the T-cell response
 - cytotoxic T cells: lead to the destruction of infected host cells and other “foreign” cells
 • T cells secrete cytokines to help destroy pathogens, but they do not produce antibodies
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Stages III and IV: T-Cell Response
 • end result of T-cell stimulation is the mobilization of other T cells, B cells, and phagocytes
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Stages III and IV: B-Cell Response
 • At the same time the T-cell system is being activated, B cells are being activated too.
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B Cell Antigen Response: Release of Antibodies
 • When activated, B cells divide and give rise to plasma cells
 • Plasma cells release antibodies into the tissue and the blood
 • Antibodies attach to the antigen for which they are specific, and the antigen is marked for destruction or neutralization
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• Opsonization– Antigen is “coated”
 with antibody and phagocytosis is enhanced.
 • Neutralization– Antibodies bind to
 antigen and prevent the antigen from binding to its target
 Stages III and IV: B-Cell Response, Antibody Functions
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• Agglutination– (clumping of antigen-
 antibody complex immobilizes the antigen and enhances phagocytosis)
 • Complement fixation– The complement
 system is activated which leads directly to the lysis of the antigen.
 Stages III and IV: B-Cell Response, Antibody Functions
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Immunological Memory
 • Antibody titer• amount of antibody measured in serum
 • Primary Response• immune response after initial exposure to antigen
 • Secondary Response• aka memory • immune response intensifies after second exposure to
 antigen

Page 35
                        

• Total antibody level produced during the secondary response is a 1000x the primary response. This is the beauty of memory cells mounting a strong and immediate response and preventing us from getting sick.
 Stages III and IV: B-Cell Response, Antibody Functions
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Specific Immunity and Vaccination
 • Natural immunity: any immunity that is acquired through the normal biological experiences of an individual
 • Artificial immunity: protection from infection obtained through medical procedures such as vaccines and immune serum
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Specific Immunity and Vaccination: Active Immunity
 • Occurs when an individual receives immune stimulus that activates B and T cells to produce immune substances such as antibodies
 • creates memory that renders the person ready for quick action upon re-exposure to the same antigen
 • requires several days to develop
 • lasts for a relatively long time
 • can be stimulated by natural or artificial means
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Specific Immunity and Vaccination: Passive Immunity
 • occurs when an individual receives antibodies from another human or animal
 • recipient is protected for a short period of time, even though they have not had prior exposure to the antigen
 • lack of memory for the original antigen
 • lack of antibody production against the disease
 • immediate onset of protection
 • short-term effectiveness
 • can be natural or artificial in origin
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This is what we’ve just been talking about…using your immune system to treat
 yourself, or in women, their children.Vaccines Gamma globulin
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Artificial Immunity: Passive Immunization
 • First attempts involved the transfusion of horse serum containing antitoxins to prevent tetanus and treat diphtheria
 • Antisera from animals has now been replaced with human products, or genetically engineered products
 • Gamma globulin – immunoglobulin extracted from the pooled blood of many human
 donors
 – used to treat specific infections in high-risk neonates and other immunocompromised patients
 – useful when there is no effective treatment available or to treat immune deficiencies
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Artificial Immunity: Active Immunization, Vaccines
 • Basic principles behind vaccination– stimulate a primary response and a memory
 response
 – prime the immune system for future exposure to a virulent pathogen
 – if the pathogen enters the body, the response will be immediate, powerful, and sustained
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Passiveimmunotherapy
 Injection
 BoostersActiveimmunization
 Time
 InitialinoculationA
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Principles of Vaccine• Qualities of an effective vaccine
 - protect against exposure to natural and wild forms of the pathogen
 - low level toxicity- stimulate both antibody (B-cell) and cell-mediated (T-
 cell) response- long-term, lasting effects (produce memory)- does not require numerous doses or boosters- Inexpensive- have a relatively long shelf life- be easy to administer
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Principles of Vaccine: Whole Cell Vaccines
 Example of living vaccines: measles, mumps, rubella, chicken pox, oral polio vaccine, some rabies vaccines
 Example of inactivated vaccines: polio, influenza, typhoid, cholera, and plague vaccines
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Principles of Vaccine: Subunit Vaccines
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Development of New Vaccines • DNA vaccines
 – microbial DNA is inserted into a plasmid vector and inoculated into a recipient
 – human cells will take up some of the plasmids and express the microbial DNA in the form of proteins
 – these foreign proteins will be recognized during immune surveillance, and cause B and T cells to be sensitized and form memory cells
 – experiments with animals have shown that these vaccines are very safe
 – any number of microbial proteins can be expressed, making the stimulus more complex
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Vaccine Side Effects
 • Vaccines must go through years of trials in experimental animals and human volunteers before they are licensed for general use
 • Still some complications occur local reactions at the injection site– fever– allergies– other adverse reactions
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Vaccine Side Effects • Recent studies have attempted to link vaccines to later
 development of diabetes, asthma, and autism
 - the study linking the MMR vaccine to autism has been discredited and the principal author’s medical license was revoked
 - independent studies have shown, unequivocally, that the MMR vaccine does not cause autism
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Diagnosis Infections: Immunologic Methods
 • Characteristics of antibodies such as their quantity or specificity can reveal the history of a patient’s contact with microorganisms or other antigens
 • Serology – involves in vitro testing of serum
 – based on the principle that antibodies have an extreme specificity for antigens
 – visualization of the interaction of antigens and antibodies provides a powerful tool for detecting, identifying, and quantifying antibodies or antigens
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Basic Principles of Serological Testing Using Antibodies and Antigens
 - serological tests were developed to produce an endpoint reaction visible to the naked eye or with light microscopy
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Basic Principles of Serological Testing Using Antibodies and Antigens
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General Features of Immune Testing
 • specificity: property of a test to focus only on a certain antibody or antigen, and not react with an unrelated or distantly related antigen
 • sensitivity: detection of even minute quantities of antibodies or antigens in a specimen; reflects the degree to which a test will detect every positive person
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Agglutination and Precipitation Reactions
 • In both reactions, one antigen is interlinked by several antibodies to form insoluble aggregates
 • Agglutination: antigens are whole cells or organisms such as red blood cells, bacteria, or viruses
 - forms visible clumps of cells
 - Weil-Felix reaction diagnoses rickettsial infections
 • also used to determine blood compatibility
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Agglutination Tests
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Hemagglutination
 • Agglutination of red blood cells
 • Can be used to determine blood type
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Antibody Titers• Titer– concentration of antibodies in a sample– determined by serially diluting patient serum into test
 tubes or wells of a microtiter plate containing equal amounts of bacterial cells
 – reflection of the highest dilution of serum that still produces agglutination
 – the more a serum sample can be diluted and still react with antigen, the greater the concentration of antibodies and thus its titer
 – used to diagnose autoimmune disorders and determine past exposure to certain diseases
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Serotyping
 • Ag-Ab technique for identifying, classifying, and sub-grouping certain bacteria into categories called serotypes
 – employs antisera against cell antigens such as the capsule, flagellum, and cell wall
 – widely used in identifying Salmonella species and strains
 – basis for differentiating pneumococcal and streptococcal serotypes
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Immunofluorescence Testing• Fluorescent antibodies (FAbs)
 – monoclonal antibodies labeled by a fluorescent dye
 • Direct testing– unknown test specimen or antigen is fixed to a slide
 and exposed to a FAb solution
 – if Ag-Ab complexes form, they will remain bound to the sample and will be visualized by fluorescence microscopy
 – valuable for identifying and locating microbial antigens on cell surfaces or tissues
 – also identifies the causative agents of syphilis, gonorrhea, and meningitis
 Y
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Immunofluorescence Testing
 • Indirect testing:
 • FAbs recognize antibodies in patient sera
 • known antigen is added to the test serum
 • binding of the fluorescent antibody is visualized through fluorescent microscopy
 • fluorescing aggregates or cells indicates the FAbs have complexed with microbe-specific antibodies
 • used to diagnose syphilis and various viral infections
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Immunochromatography Testing• Very rapid • Antigen solution flows
 through a porous strip and encounters labeled antibody• Visible line produced when
 antigen-antibody immune complexes encounter antibody against them• Used for pregnancy testing
 and rapid identification of infectious agents
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Immunofluorescence Labeling
 • Use Fabs to label cells so that they can be visualized
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Immunoassays
 • Alternative methods that employ monoclonal antibodies and permit rapid, accurate measurement of trace antigen or antibody levels
 Radioimmunoassay (RIA)– antibodies or antigens labeled with a radioactive isotope used to
 pinpoint minute quantities of a corresponding antigen or antibody
 – used to detect hormone levels in samples and diagnose allergies
 – Same idea as Fabs but rather than a fluorescent dye a radioactive one is used.
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Immunoassays
 – ELISA• Enzyme-linked
 immunosorbent assay• Uses an enzyme as the
 label– Reaction of enzyme with
 its substrate produces colored product
 • Commonly used to detect presence of antibodies in serum
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Immunoassays: ELISA
 – Antibody sandwich ELISA• Modification of the
 ELISA technique• Commonly used to
 detect antigen• Antigen being
 tested for is “sandwiched” between two antibody molecules
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Immunoassays: ELISA• Advantages of the ELISA
 –Can detect either antibody or antigen–Can quantify amounts of antigen or antibody–Easy to perform and can test many samples quickly–Plates coated with antigen and gelatin can be
 stored for later testing
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