Physiology Chapter 12 Body Defences
· Immunity is the body’s ability to resist or eliminate potentially harmful foreign materials or abnormal cells

· Immune system, an internal defence system that plays a key role in recognising and destroying neutralizing materials within the body that are foreign to the normal self:
1. Defending against invading pathogens

2. Removing worn out cells damaged by trauma or disease, and facilitating wound healing and tissue repair

3. Identifying and destroying abnormal or mutant cells that have originated in the body. This function is the primary internal defence mechanism against cancer

4. Mounting inappropriate immune responses that lead either to allergies, which occurs when the body turns against a normally harmless environmental chemical entity, or to autoimmune diseases which happen when the defence system erroneously produces antibodies against a particular type of the body’s own cells

Pathogenic bacteria and viruses
· The primary foreign enemies against which the immune system defends are bacteria and viruses
· Bacteria (large) are non-nucleated, single celled microorganisms self-equipped with all the machinery essential for their own survival and reproduction 
· Disease producing power of a pathogen is known as its virulence

· In contrast to bacteria, viruses (which are small) are not self-sustained cellular entities. They consist only of nucleic acids enclosed by a protein coat

· Cannot carry out metabolism and reproduce unless they take over a host cell and take over the cells biochemical facilities

Leukocytes

· WBCs and their derivatives, along with a variety of plasma proteins, are responsible for the different immune defence strategies

Lymphoid Tissues

· Almost all leukocytes originate from common precursor stem cells in the bone marrow and are subsequently released into the blood. The only exception is lymphocytes, which arise in part from lymphocyte colonies in various lymphoid tissues originally populated by cells derived from bone marrow
· Lymphoid tissues, are the tissues that produce, store, or process lymphocytes

· Includes bone marrow, lymph nodes, spleen, thymus, tonsils, adenoids, appendix, and aggregates of lymphoid tissue in the lining of the digestive tract called Peyer patches (GALT)

· L tissues strategically located intercept invading microorganisms before they have a chance to spread far

· The thymus and bone marrow play important roles in processing T and B lymphocytes to prepare them to carry out their specific immune strategies

Immune Responses

· Protective immunity is conferred by the complementary actions of two separate but interdependent components of the immune system: the innate system and the adaptive or acquired immune system
· Differ in timing and selectivity of defence mechanisms
· The innate immune system encompasses the body’s non-specific immune responses that come into play immediately on exposure a threatening agent
· Nonspecific responses are inherent defence mechanisms that non selectively defend against foreign or abnormal material of any type, even on initial exposure to it

· First line of D against a wide range of threats (infectious agents, chemical irritants, and tissue injury from burns and mechanical injury)

· Adaptive immune system relies on specific immune responses selectively targeted against a particular foreign material to which the body has already been exposed and has had an opportunity to prepare for an attack aimed discriminately at the enemy. 

· Takes longer

Innate Immune System

· Neutrophils and macrophages are important in innate defence
· Set in motion in response to generic molecular patterns associated with threatening agents such as cell surface carbohydrates found on bacteria

· Toll like receptors (TLRs)- plasma type membrane protein; eyes of the immune system, recognise and bind with the telltale bacterial markers allowing the effector cells of the innate system to see pathogens as distinctly from self-cells
· Inflammatory response

· Links the innate and adaptive branches

· Innate mechanisms provide rapid but limited and non-selective response to unfriendly challenges of all kinds, while innate immunity largely contains and limits the spread of infection

· Keeps shit under control till the adaptive system goes in on the target

Adaptive Immune System

· The responses of the adaptive or acquired immune system are mediated by the B and T lymphocytes
· Each B and T cell can recognize and defend against only one particular type of foreign material, such as one kind of bacterium

· Among the B and T cells only the ones specifically equipped to deal with a particular enemy are called up

· Similar to military personnel

· Ultimate weapon against most pathogens
· B and T cells constantly changing depending on pathogens encountered

· It remembers the pathogens

Innate Immunity

Defences include

1. Inflammation, a nonspecific response to tissue injury in which the phagocytic specialists neutrophils and macrophages play a major role, along with supportive input from other immune cell types

2. Interferon, a family of proteins that non-specifically defend against viral infection

3. Natural killer cells, a special class of lymphocyte-like cells that spontaneously and non-specifically lyse (rupture) and thereby destroy virus-infected host cells and cancer cells

4. The complement system, a group of inactive plasma proteins that, when sequentially activated, bring about destruction of foreign cells by attacking their plasma membranes

Inflammation

· Refers to an innate, nonspecific series of highly interrelated events set into motion in response to foreign invasion, tissue damage, or both. The ultimate goal of inflammation is to bring to the invaded or injured area phagocytes and plasma proteins that can
1. Isolate, destroy or inactivate the invaders

2. Remove debris

3. Prepare for subsequent healing and repair

· Similar no matter what the triggering event

Defence by Resident Tissue Macrophages

· When bacteria enter through skin macrophages are chilling ready to fuck up the bacteria. Not enough are always there to do it through. They keep up the fight for about an hour before other mechanisms can take place. Normally stationary but will move when needed
Localized Vasodilation

· In invasion, arterioles within the area dilate
· Inflammatory response slows blood velocity, vasodilation and increased permeability

· Histamines

· Occurs first in the arterioles, then moves to capillaries and brings about an increase in the amount of blood present, causing redness and heat

Increased Capillary Permeability

· Released histamine also increases the capillaries permeability by enlarging the capillary pores, so plasma proteins that normally are prevented from leaving the blood can escape into the inflamed tissue
Localized Oedema
· Accumulated of leaked plasma proteins in the interstitial fluid colloid osmotic pressure
· Increased blood flow elevates capillary blood pressure

· Both these pressures tend to move fluid out of the capillaries, favour enhanced ultrafiltration and reduced reabsorption of fluid across the involved capillaries

· Result of shift balance is localized oedema
· Familiar swelling that accompanies inflammation is due to histamine induced vascular changes

· Rudeness and heat are from enhanced flow of warm arterial blood to damaged tissue

· Pain caused both by local distension within the swollen tissue and by the direct effect of locally produced substances on the receptor endings of afferent neurons that supply the area

· Primary purpose of vascular changes in the injured area-to increase the number of leukocytic phagocytes and crucial plasma proteins in the area

Walling off the inflamed area

· The leaked plasma proteins most critical to the immune response are those in the complement system as well as the clotting and anticlotting factors
· Fibrin forms interstitial fluid clots in the spaces around the bacterial invader and damaged cells
· Walling off prevents or delays the spread of bacterial invaders and their toxic products

Emigration of Leukocytes

· Hour after injury, neutrophils arrive first followed by monocytes 8-12 hours later. Once they leave the bloodstream they don’t recycle back to the blood
· Leukocytes can emigrate from the blood into the tissues by:

1. Blood borne leukocytes stick to the inner endothelial lining of capillaries in the affected tissue-marginition. Sections a CAM that protrudes from the inner endothelial lining, cause leukocytes flowing by in the blood to slow down and roll along the interior of the vessel. The slowing down allow the leukocytes to check for local activating factors from nearby injured or infected tissues

2. Diapedesis causes adhering leukocytes to start leaving. An adhered leukocyte pushes a long, narrow projection through a capillary pore; then the remainder of the cells flows forward into the projection. In this way the leukocyte is able to wriggle its way through the capillary pore even though it is much larger than the pore. Outside the vessel, the leukocyte crawls toward the assaulted area. Neutrophils arrive on the inflammatory scene earliest
3. Chemo taxis guilds the phagocytic cells in the direction of migration; the cells are attracted to certain chemical mediators, known as chemotaxins or chemokine’s released at the site of damage

· Binding of chemotaxcins with protein receptors on the plasma membrane of a phagocytic cell increases the Ca2+ entry into the cell

· Calcium switches on the cellular contractile apparatus that leads to amoeba like crawling

Leukocyte Proliferation

· Macrophages and leukocytes that migrated to the inflammatory site are joined by new phagocytic recruits from the bone marrow
· Number of neutrophils in a few hours rises 4-5fold 

Marking of Bacteria for Destruction by Opsonins

· Body produced chemicals that make bacteria more susceptible to phagocytosis are known as opsonins. The most important opsonins are antibodies and one of the activated proteins of the complement system
· Enhances phagocytosis by linking the foreign cell to a phagocytic cell. One portion of an opsonin molecule binds non-specifically to the surface of an invading bacterium, whereas another portion of the opsonin molecule binds to receptor sites specific for it on the phagocytic cells plasma membrane. This link ensures that the bacterial victim does not have a chance to get away before the phagocyte can perform its lethal attack

Leukocytic Destruction of Bacteria

· Neutrophils and macrophages clear the inflamed area of infectious and toxic agents as well as tissue debris by both phagocytic and non-phagocytic means; this clearing action is the main function of the inflammatory response
· Macrophages can engulf a bacterium in less than 0.01sec

· Phagocytes eventually die from the accumulation of toxic by-products from foreign particle degradation or from inadvertent release of destructive lysosomal chemicals into the cytosol 

· Neutrophils die after absorbing 5-25 bacterium, macrophages up to 100 or more; even clears the dead neutrophils

· The puss is a collection these phagocytic cell, both living and dead; neucrotic (dead) tissue liquefied by lysosomal enzymes released from the phagocytes; and bacteria

Mediation of the Inflammatory Response by Phagocyte Secreted Chemicals

· Microbe stimulated phagocytes release many chemicals that function as mediators of the inflammatory response. These chemical mediators induce a broad range of interrelated immune activities, varying from local responses to the systemic manifestations that accompany microbe invasion. Most important of phagocytic secretion:

1. Some chemicals kill off microbes. Macro secretes Nitric Oxide, neutrophils secrete lactoferrin, a protein that tightly binds with iron, making it unavailable for use by invading bacteria
2. Phagocytic secretions stimulate the release of histamine from mast cells in the vicinity. Histamine induces the local vasodilation and increased permeability of inflammation

3. Some phagocytic chemical mediators trigger both the clotting and anticlotting systems to enhance the walling off process then dissolution once the clots are no longer needed

4. Neutraphil secreted chemical kallikrein, converts specific plasma protein precursors produced by the liver into activated kinins. Augment a variety of inflammatory events (partially produces soreness). Kinins also act as powerful chemotaxins to entice more neutrophils to join the battle (positive feedback fashion)

5. Macrophage released chemical, endogenous pyrogen (EP) induces development of a fever

6. Chemical mediator secreted by macrophage, leukocyte endogenous mediator (LEM) decreases plasma concentration of iron by altering iron metabolism within the liver, spleen and other tissues

7. LEM also stimulates the synthesis and release of neutrophils by the bone marrow. Prominent in bacterial infections

8. LEM stimulates release of acute phase proteins from the liver. Exerts a multitude of wide ranging effects associated with the inflammatory process, tissue repair, and immune cell activities.

9. Interleukin 1 (IL-1) another secretory product released by macrophages, enhances the proliferation and differentiation of both Band T lymphocytes which in turn are responsible for antibody production and cell mediated immunity; identical to EP and LEM

Tissue Repair

· The ultimate purpose of the inflammatory process is to isolate and destroy injurious agents and to clear the area for tissue repair 
· In some tissues the healthy organ specific cells surrounding the injured area undergo cell division to replace the lost cells often repairing the wound perfectly

· In non regenerateve cells lost cells are replaced by scar tissue 

· Fibroblasts a type of connective tissue cell divides rapidly in the vicinity and secretes large quantities of collagen which fills the damaged region

Innate Immunity and Exercise

· Acute exercise in untrained persons has been shown to stimulate phagocytic activity by increasing the activity of the monocytes, neutrophils and macrophages
· Well trained athletes everything is normal. Evidence of suppressed neutrophil function at rest and following intense exercise in well trained athletes

· The mild innate immune suppression in some athletes may be a down regulation of the inflammatory response as a result of the chronic tissue damage associated with high training volumes

NSAIDs and Glucocorticoid 

· Drugs that suppress inflammatory process. Most effective noneteroidal anti-inflammatory drugs and glucocorticsteriods 
· Decreases histamine release (reducing pain, swelling, redness), inhibits production of prostaglandins (reduces fever)

· Gloco suppress almost every aspect of the inflammatory response. They destroy lymphocytes within lymphoid tissue and reduce antibody production

· Reduces body’s ability to fight infection

Interferon and Viruses

· Another innate defence mechanism is the release of interferon from virus infected cells. Provides non-specific resistance to viral infections by transiently interfering with replication of the same or unrelated viruses in other host cells
Antiviral Effect of Interferon

· Inferno binds with receptors on the plasma membranes of healthy neighbouring cells or even distant cells that it reaches through the blood, signalling the cell to prepare for a possible viral attack. Acts a whistle blower
· Does not have a direct antiviral effect; triggers production of virus blocking enzymes by potential host cells

· When it binds with these other host cells, they synthesize enzymes that can break down viral messenger RNA and inhibit protein synthesis

· The newly synthesized inhibitory enzymes remain inactive within the tipped off potential host cell unless it is actually invaded by a virus, at which time the enzymes are activated by the presence of a viral nucleic acid

· This protects the cells own messenger RNA and protein synthesizing machinery from unnecessary inhibition by these enzymes should viral invasion not occur. Short  term defence mechanism

· Released non-specifically from any cell infected and temporarily self-protect itself. General, rapidly responding defence strategy against viral invasion until more specifc but slower responding immune mechanisms come into play

· Reinforces other immune activities; enhances macrophage phag activity, stimulates production of antibodies, boosts power of killer cells

Anticancer Effects of Interferon

· Interferon exerts anticancer as well as antiviral effects, enhances cell killing cell, natural killer cells and a special type of T lymphocyte, cytotoxic T cells which attack an destroy both virus infected cells and cancer cells, slows cell division and suppresses tumor growth
Interferon and Exercise

· The influence of exercise on interferon activity and levels is more difficult to study because of its rapid metabolism and excretion in urine. My be released during exercise, does not seem to be elevated 1 to 24 hours post moderate to high intensity exercise
Natural Killer (NK) cells 
· Naturally occurring, lymphocyte like cells that non-specifically destroy virus infected cells and cancer cells by directly lysing the membranes of such cells on first exposure to them

· Mode of action and targets similar to those of cytotoxic T cells. 

· Difference is NK cells provide an immediate, nonspecific defence against virus invading cells and cancer cells before the more specific and more abundant cytoxic T cells become functional

NK Cells and Exercise

· Acute exercise has an important influence on the number of NK cells and they cytotoxic (ability to kill) activity, increases in proportion to exercise intensity. May be hormonal. 
· Show suppression in the hours immediately following prolonged intense exercise

· Reduced effectiveness during periods of prolonged and intense training.

The complement system

· Another defence mechanism brought into play non-specifically in response to invading organisms can be activated in 2 ways:

1. By exposure to particular carbohydrate chains present on the surfaces of microorganisms but not found on human cells, a nonspecific innate immune response

2. By exposure to antibodies produced against a specific foreign invader, an adaptive immune response

· Primary mechanism activated by antibodies to kill foreign cells; membrane attack complexes that punches holes in victim cells; reinforces other general inflammatory tactics

Formation of the Membrane Attack Complex

· Complement system consists of plasma proteins that are produced by the liver and circulate in the blood in inactive form
· Once C1 is activated it activates C2 and so forth. The five final componentsC5 through C9 assemble into large, doughnut shaped protein complex, the membrane attack complex (MAC), which embeds itself in the surface membrane of nearby microorganisms, creating a large channel through the membrane; the parts make a hole. This whole punching technique makes the membrane extremely leaky; the resulting osmotic flux of water into the victim cell causes it to swell and burst

· This complement induced lysis is the major means of directly killing microbes without phagocytizing them

Augmenting Inflammation

· Unlike other cascade systems, in which the sole function of the components is activation of the next precursor in the sequence, several activated proteins in the complement cascade additionally act on their own to augment the inflammatory process by the following methods:
1. Serving as chemotaxins, which attract and guide professional phagocytes to the site of complement activation
2. Acting as opsonins by binding with microbes and thereby enhancing their phagocytosis

3. Promoting vasodilation and increased vascular permeability this increasing blood flow to the invaded areas

4. Stimulating release of histamine from mast cells in the vicinity, which in turn enhances the local vascular changes characteristic of inflammation

5. Activating kinins which further reinforce inflammatory reaction. 
· Several activated components in the cascade are very unstable. Because they can carry out sequence only in the immediate area in which they are activated before they decompose, the complement attack is confined to the surface membrane of the microbe whose presence initiated activation of the system. Nearby host cells are spared from lytic attack
Adaptive Immunity: General Concept

Antibody-mediated immunity and cell-mediated immunity

· Two classes of adaptive immune responses: antibody mediated or humoured immunity involving production of antibodies by  B lymphocytes derivatives known as plasma cells and cell mediated immunity involving production of activated T lymphocytes which directly attack unwanted cells
· Fucks everything up even cancer cells

· Recognition and response is different in B and T cells

· B cells recognise free existing foreign invaders, such as bacteria and a few viruses

· T cells take out body cells gone awry including virus infected cells and cancer cells

Origins of B and T cells

· Whether you are destined to be a B or T cell depends on the site of final differentiation and maturation of the original cell in the lineage

· B cells differentiate and mature in the bone marrow

· During fetal life and early childhood some of the immature lymphocytes from the bone marrow migrate through the blood to the thymus, where they undergo further processing to become T lymphocytes

· Released into the blood from the bone marrow or thymus mature B and T cells take up residence and establish lymphocyte colonies in the peripheral lymphoid tissues

· 2 trillion lymphocytes

· Circulate among the lymph, blood and body tissues

Role of Thymosin

· As a person matures the thymus gradually atrophies and becomes less important as a person ages

· Continues to produce thymosin a hormone important in maintaining the T cell lineage

· Enhances proliferation of new T cells within the peripheral lymphoid tissues and augments the immune capabilities of existing T cells

· Production decreases after age 30-40

· Contributing factor to aging 

Antigens 

· The presence of antigens enables lymphocytes to make this distinction. An antigen is a large, foreign, unique molecule that triggers a specific immune response against itself when it gains entry into the body. The more complex a molecule the greater its antigenicity

B Lymphocytes: Antibody-Mediated Immunity

B Cells
· Each B and T cell has receptors on its surface for binding with one particular type of the possible antigens. Lymphocytes cannot respond directly to new incoming antigen. It first must be processed and presented to them by antigen presenting cells

· Bearing a surface antibody; 10-15% of the immune cells in circulation

· On binding with processed and presented antigen, most B cells differentiate into active plasma cells while the others become dormant memory cells
Plasma Cells

· A plasma cell produces antibodies that can combine with the specific type of antigen that stimulated activation of the plasma cell
· During differentiation into a plasma cell, a B cell swells as the rough endoplasmic reticulum greatly expands

· Plasma cells become protein factories

· However cannot maintain protein synthesis for its own viability and growth. Dies in5-7 days

· Antibodies secreted into the blood or lymph, depending on the location of the activated plasma cells, but all the antibodies eventually gain access to the blood where they are known as gamma globulins, or immunoglobins

Antibody Subclasses

5 subclasses based on differences in biological activity
· IgM immunoglobulin serves as the B cell surface receptor for antigen attachment and is secreted in the early stages of plasma cell response
· IgR the most abundant immunoglobin in the blood, is produced copiously when the body is subsequently exposed to the same antigen

· Together they produce most specific immune responses against bacterial invaders and a few types of viruses

· IgE helps protect against parasitic worms and is the antibody mediator for common allergic responses such as hay fever, asthma, and hives

· IgA immunoglobins are found in secretion of the digestive, respiratory, and genitourinary systems, as well as in milk and tears

· IgD is present on the surface of many B cells, but its function is uncertain

Basic functions of Antibodies

· Binding antigens
· Activating the complement system (cascade)

· Binding and neutralizing bacterial toxins

· Inhibiting viral entry into host cells

· Assisting phagocytosis against parasites 

· Aiding cytotoxicity of T and NK cells

Immunoglobin, antibodies, and exercise

· IgA, M and G is the focus for exercise
· Serum levels of Ig don’t change after acute exercise

· After intense exercise some athletes Ig levels drop but it does not seem to negatively affect ability to have a normal immune response

· Mediated in whole or in part by sympathetic system

· Acute exercise may increase production of lymphocytes while chronic reduce it

· Does not seem to substantially alter the immune response of the Ig or antibodies

Antibodies

· Antibodies of all five subclasses are composed of four interlinked polypeptide chains arranged in a Y shape
· Characteristic of the arm region of the Y determine the specificity of the antibody, tail determines the functional properties of the antibody

· Two identical antigen binding sites on at the tip of each arm. These antigen-binding fragments (Fab) are unique for each different antibody, so that each antibody can interact only with an antigen that specially matches it, much like a lock and a key

· Tail portion of every antibody is identical

· Contestant (Fc) region, contains binding sites for particular mediators of antibody induced activities, which vary among the different subclasses; the difference is significant enough for distinguishing between the different immunoglobin subclasses

· When the appropriate antigen gains entry to the body and binds with the attached antibodies, this triggers the release of histamine from the affected mast cells and basophils

Antibodies and Immune Responses

· Immunoglobins cannot directly destroy foreign organisms or other unwanted materials on binding with antigens on their surfaces. Instead, antibodies exert their protective influence by physically hindering antigens or by amplifying immune responses
Neutralization and Agglutination
· Antibodies can physically hinder some antigens from exerting their detrimental effects
· Neutralization-combining with bacterial toxins, antibodies can prevent these harmful chemicals from interacting with susceptible cells

· Agglutination- the process in which foreign cells, such as bacteria or mismatched transfused red blood cells, bind together in such a clump

· When linked antigen-antibody complexes involve soluble antigens, such as tetanus toxin, the lattice can become so large that it precipitates out of solution (precipitation is the process in which a substance separates from a solution)
· Play only a minor protective role against invading agents
· Useful clinically and  experimentally for detecting the presence of particular antigens or antibody
Amplification of Innate Immune Responses

· Most important function is to augment the innate immune responses already initiated by the invaders. Enhances the activity of these other defence systems by the following methods
1. Activating the complement system. When an appropriate antigen binds with an antibody, receptors on the tail portion of the antibody bind with and activate C1 the first component of the complement system. Aimed at the membrane of the invading cell that bears the antigen that initiated the activation process. Antibodies are the most powerful activators of the complement system. The biochemical attack is the most important mechanism by which antibodies exert their protective influence. Binding of antigen to antibody is highly specific however the outcome is which is determined by the tail region is the same for all activated antibodies within a given subclass
2. Enhancing phagocytosis. Acts as opsonins (IgG). Tail portion binds with a receptor on the surface of a phagocyte and promotes phagocytosis

3. Simulating NK cells. Binding will induce attack by NK cells. Will destroy both antibody-coated cells as well as MHC class I target cells

Immune Complex Disease
· Occasionally an overzealous antigen-antibody response inadvertently causes damage to normal cells as a well to invading foreign cells. Typically, antigen-antibody complexes, formed in response to foreign invasion, are removed by phagocytic cells after having revved up nonspecific defence strategies. If the number of these complexes are high the phagocytes cannot clear them all the way, they continue to activate the complement system, excessive amounts of inflammatory agent may spill over causing damage to good cells
· Antigen-antibody complexes may circulate freely and get caught throughout the body and cause widespread inflammation and tissue damage

· Damage caused by immune complexes is referred to as an immune complex disease

· Can also stem from overzealous inflammatory activity prompted by immune complexes formed by self-antigens and antibodies erroneously produced against them (rheumatoid arthritis)

Clonal Selection

· The clonal selection theory proposes how a matching B cell responds to its antigens. Proposes that B diverse lymphocytes are produced during fetal development, each capable of synthesizing antibody against a particular antigen before ever being exposed to it. All off spring of a particular ancestral B lymphocyte form a family of identical cells, or a clone. Remain dormant until needed.
· Lymphocytes that have not yet been exposed to their specific antigen are known as naïve lymphocytes

· The first antibodies produced by a newly formed B cell are IgM immunoglobins, which are inserted into the cells plasma membrane rather than secreted. Serve as receptor sites

Selected Clones

· Antigen binding causes the activated B cell clone to multiply and differentiate into two cell types plasma cell and memory cells
Memory Cells

· Not all the new B lymphocytes produced by the specifically activated clone differentiate into antibody secreting plasma cells
· Small proportion become memory cells, which do not participate in the current immune attack against the antigen but instead remain dormant and expand the specific clone. Adapts to environment. The different naïve clones provide protection against unknown new pathogens, and the evolving populations of memory cells protect against the recurrence of infections encountered in the past
Primary and Secondary Responses

· During initital contact with a microbial antigen, the antibody response is delayed for several days until plasma cells are formed and does not reach its peak for a couple of weeks. Primary response. 
· Symptoms persists until the invader dies or the infected person dies

· After reaching the peak, the antibody levels gradually decline over a period of time, although some circulating antibody from this primary response may persist for a prolonged period

· Memory cells make a repeat attack on the same pathogen less lethal dubbed secondary response

· Some microbes body can’t remember

B cells and gene fragments

· Antibodies are proteins synthesized according to a nuclear DNA blueprint
· Only a small amount of gene fragments code for antibody synthesis, during B cell dev. Those sections are cut, reshuffled and spliced. Each different combo gives rise to a unique B cell clone
· Antibody genes are later even further diversified by somatic mutation, highly prone to mutations in the region that codes for the variable antigen binding sites on the antibodies

Active and passive immunity

· The production of antibodies as a result of exposure to an antigen is referred to as active immunity against that antigen. A second way of acquiring antibodies is by the direct transfer of antibodies actively formed by another person, known as passive immunity (IgG class). Normally occurs from mother to fetus via placenta.  Breast milk contains IgA antibodies. Broken down in less than a month
· Sometimes administered clinically. Horses and sheep used to make antibodies for human transfer (passive immunization)

· Serum sickness- immune response against the injected antibodies themselves

Transfusion Reaction

· If a person is given blood of an incompatible type 2 different antigen-antibody responses take place. May result in agglutination (clumping) or hemolysis (rupture) of the attacked blood cells
· Cam lead to a sometimes fatal transfusion reaction

· Acute kidney failure caused by the release of large amounts of hemoglobin from damaged donor erythrocytes. If the free hemoglobin in the plasma rises above a critical level, it will precipitate in the kidneys and block the urine forming structures leading the kidney shutdown

Universal Blood Donors and Recipients

· O type is known as a universal donor
· However can only receive O type blood

· Type AB universal recipients; can only donate to AB people

· Misleading cause other shit can cause transfusion reactions (most important Rh factor)

Other Blood Group Systems

· People who have the Rh factor are said to have Rh+ blood and Rh- for those who don’t, no naturally occurring antibodies develop against the Rh factor
· Anti Rh antibodies are produced only by Rh- individuals when and if such people are first exposed to the foreign Rh antigen present in Rh+ blood. Could cause a reaction in Rh- people however Rh+ people never produce antibodies against the Rh factor

· Of particular importance when a mother who is Rh- mother develops antibodies against the erythrocytes of an Rh+ fetus (erythroblastosis fetalis or hemolytic disease of the newborn)

· 12 other minor human erythrocyte antigen systems

· Good for paternity test (Maury)

Lymphocytes

· B cells do not require antigen presentation by antigen presenting cells to perform their tasks. In some cases the B cell is the antigen presenting cell and it presents to the helper T cell
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