W- Immunity

IMMUNOLOGY

NON-SPECIFIC RESISTANCE

	· Several mechanisms exist to offer immediate protection against wide variety of pathogens and foreign substances.

· Protective mechanisms function in the same way,

· Regardless of the type of invader => Non-Specific Resistance.

· Mechanisms that exist include

· SKIN AND MUCOUS MEMBRANES

· External mechanical and chemical barriers 

· *INTERNAL DEFENCES: CELLS

· Natural killer cells

· Phagocytes

· Mast Cells

· Eosinophils

· *INTERNAL DEFENCES: ANTI MICROBIAL PROTEINS

· Interferons

· Compliment

· Transferrines

· *ACUTE PHASE RESPONSE & INFLAMMATION

* Hormonal Response: Refers to circulating in the blood.


SKIN AND MUCOUS MEMBRANES

	The skin and mucous membranes form the first barrier against invading pathogens:

	EPIDERMIS
· Many layers of closely packed, keratinised cells provide a strong physical barrier. Periodic shedding of epidermal cells helps remove microbes from the skin's surface.

· If skin is broken by cuts or burns, pathogens can enter the body and invade adjacent tissues or circulate in the blood to other parts of the body.

	MUCOUS MEMBRANES
· These line many body cavities and secrete slightly viscous mucus which traps microbes and other foreign substances.

	CILIA
· Microscopic hair-like projections on the surface of epithelial cells in the mucous membrane of the upper respiratory tract.  Their waving action propel inhaled dust and microbes toward the throat.

	TEARS
· Produced by the lacrimal glands of the eye.  Blinking spreads tears over the surface of the eyeball washing away microbes and foreign objects.

	SALIVA
· Produced by the salivary glands, washes microbes from the surface of the teeth and inside of the mouth.

	URINE
· The flow of urine cleans the urethra and prevents microbes colonising the urinary system.

	DEFECATION & VOMITING
· Processes that can expel microbes in response to toxins entering the gastrointestinal tract.

	SEBUM
· Produced by sebaceous glands of the skin, sebum forms a protective film over the surface of the skin.  It inhibits the growth of certain bacteria and fungi.

	PERSPIRATION
· Helps flush microbes from surface of skin and contains lysozyme which breaks down the walls of certain bacteria.

	GASTRIC SECRETIONS
· A mixture of hydrochloric acid, enzymes and mucus destroys many bacteria and toxins.


NATURAL KILLER CELLS

	· If microbes penetrate the skin and mucous membranes and survive, action of antimicrobial proteins they may be attacked by Natural Killer Cells or Phagocytes.

· Natural killer (NK) cells

· Lymphocytes that lack membrane molecules that identify B and T cells but have the ability to kill a wide variety of infectious microbes ESPECIALLY VIRUSES.

· About 5-10% of lymphocytes in the blood are NK cells; 

· Also present in

· Spleen

· Lymph nodes

· Red bone marrow.

· Attack cells that display abnormal MHC antigens

· Causing cell destruction of the microbe by either

· Releasing chemicals causing cytolysis of the microbe

· By binding to the cell and directly causing damage.


PHAGOCYTES

	· Ingest microbes or other particulate matter (phagocytosis).

· Two major types of phagocytes are:

NEUTROPHILS

· Among white blood cells, neutrophils respond most quickly to tissue destruction by bacteria.

· Express receptors for Ig and complement

· MECHANISM

· Engulfing pathogen during PHAGOCYTOSIS ( neutrophil unleashes several destructive chemicals including the enzyme lysozyme (destroys certain bacteria).

MACROPHAGES

· Monocytes take longer to reach a site of infection than do neutrophils BUT …

· …Arrive in ( numbers and destroy ( microbes.

· Upon arrival they enlarge and differentiate into wandering macrophages,

· clean up cellular debris and microbes following an infection.

· There are two classifications of macrophages:

· WANDERING macrophages - present in most tissues 

· FIXED macrophages - present in certain tissues 

· Histiocytes - skin 

· Kupffer cells - liver 

· Alveolar macrophages - lungs 

· Microglia - nervous system 

· Tissue macrophages 

· Spleen

· Lymph nodes

· Red bone marrow 


PHAGOCYTOSIS
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	1. Attachment of the bacterium to the long membrane evaginations, (PSEUDOPODIA). 

2. Ingestion of the bacterium forming a PHAGOSOME, which moves toward the lysosome. 

3. Fusion of the lysosome and phagosome, releasing lysosomal enzymes (e.g. defensins causing the bacterial cell membrane) into the phagosome. 

4. Digestion of the ingested material. 

5. Release of digestion products from the cell.


MAST CELLS

	· Stimulated by Complement proteins C3a and C5

· Release contents as a result ( interstitial space

· Contents contain:

· Histamine

· Chemotactic agents

· Attract polymorphonuclear cells (eg. neutrophils) from blood to site of injury.

· Interleukins

· Mast Cells also synthesise

· Prostaglandins

· Leukotrines
· Histamine and Prostaglandins
· elicit local vasodilation ( leakage of plasma ( interstitial space

· Histamine and Interleukins
· Modify surface of endothelial cells so that neutrophils can adhere to them.

BASOPHILS

· Are the circulating counterpart of tissue mast cells.

· Express high affinity receptors for IgE and stimulated to secrete the chemicals responsible for immediate hypersensitivity following antigen induced aggregation of these receptors.


EOSINOPHILS

	· Cells are least numerous of whilte blood cells

· Secrete

· Perforins

· Membrane penetrating proteins

· Major basic proteins
· Peroxidase
· Phospholipase D
· Play large role in combating helminth infections

· Too large to be phagocytosed by single cell so must be attacked extracellularly.

· Eosinophils esp attracted to membranes coated in IgE

· Attracted to sites of inflammation by interleukins released from Mast Cells.


ANTIMICROBIAL PROTEINS

	· Blood and interstitial fluids contain three main types of antimicrobial proteins that discourage microbial growth:

· Interferons

· Complement

· Transferrins


	INTERFERONS (IFN'S)

· Produced by following when infected by viruses

· Lymphocytes

· Macrophages

· Fibroblasts

Released from virus-infected cells

(
Diffuse to uninfected neighbouring cells ( bind to surface receptors

(
Induce synthesis of antiviral proteins that interfere with viral replication – (primary mechanism by which viruses cause disease)

· 3 types of human interferon:

· Alpha (α-IFN) & Beta (β-IFN)

· Produced by antigen-stimulated macrophages to:

· Stimulate T-cell growth

· Activate NK cells

· Inhibit cell growth

· Suppress the formation of some tumours.

· Gamma (γ-IFN)

· Secreted by helper and cytotoxic T-cells and NK cells to:

· Strongly stimulate phagocytosis by neutrophils and macrophages

· Activate NK cells

· Enhance both cell-mediated and antibody-mediated immune responses.


	COMPLEMENT SYSTEM

· Group of normally inactive plasma proteins make up the complement system.

· When activated, these proteins "complement" / enhance certain immune, allergic and inflammatory reactions.

· Like clotting factors, the complement proteins are a series of enzymes that can be sequentially activated by either microbial cell surfaces or antibodies secreted by the lymphocytes.

· The major complement is C3, which can be activated in variety of ways:

· Once generated, C3 develops a fraction (C3b) which binds to the surface of microbes and so facilitates their uptake by phagocytes.

· C3b also initiates series of reactions that ( lysis of invading bacterium.

· A smaller fragment (C3a) can activate phagocytes to kill phagocytosed particles and interact with other complement proteins.

· Both C3a and C3b play an important part in the inflammatory response.

· 2 pathways (Classical / Alternative) of activation following an order of events:

· Inflammation

· Enhancement

· Phagocytosis

· Bursting of microbes
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	TRANSFERRINS

· Iron-binding proteins

· Inhibit growth of certain bacteria by ( amount of available iron.


ACUTE PHASE RESPONSE AND INFLAMMATION

	ACUTE PHASE PROTEINS

· Proteins syntheised by liver

· Huge ( during infection

· Proteins include the following which react to surface of invading organisms.

· C Reactive Protein

· Mannose Binding protein

· The process of surface coating is OPONISATION

· Phagocytes have receptors for coating proteins and engulf them and invading organism.


	ACUTE INFLAMMATORY RESPONSE

· Inflammation is triggered by

· Traumatic injury

· Infection

· Cellular necrosis

· Damaged cells initiate a defensive response 

· Inflammation traps microbes, toxins and foreign material at the site of injury and prepares the site for tissue repair.

· There are four characteristic symptoms of inflammation:

· ( Warm blood flowing through the area produces heat, erythema (redness) and oedema (swelling).

· ( Metabolic actions at the site also produce additional heat.

· Redness 

· Pain 

· Heat

· Swelling


	STAGES OF INFLAMMATION:

· ACUTE VASCULAR RESPONSE

· VASODILATION and ( PERMEABILITY of blood vessels

· Vasodilation allows ( blood to flow through the damaged area while ( permeability allows substances needed for tissue repair to pass out of the blood vessels, such as antibodies, clotting proteins and phagocytes

· ( Increased blood flow also helps remove toxic products released by invading microbes and dead cells.

· ACUTE CELLULAR RESPONSE

· PHAGOCYTE INFILTRATION

· Within an hour after inflammation starts, phagocytes appear:
· neutrophils first followed by monocytes. 
· Neutrophils attach themselves to capillary wall.

· CHRONIC CELLULAR RESPONSE
· Once in the inflamed tissue monocytes develop ( wandering macrophages that enhance the phagocytic activity of any fixed macrophages that are present in the tissue.
· TISSUE REPAIR
· Eventually, the phagocytes die and within a few days a pocket of dead phagocytes and damaged tissue forms – PUS / Granuloma.

· Pus either reaches the surface of the body, drains into an internal cavity and is dispersed or is gradually destroyed over a period of days and is absorbed.


SPECIFIC RESISTANCE- ADAPTIVE IMMUNITY

	· Immunity is the ability of the body to defend itself against specific invading agents such as

· Bacteria

· Toxins

· Viruses

· Foreign tissues.

· Substances that are recognised as foreign and provoke an immune response are called ANTIGENS.

· Two properties distinguish immunity from the previously mentioned non-specific defences:

· Specificity for particular antigens 

· Memory for most previously encountered antigens so that later encounters prompt a more rapid and vigorous immune response.

· Immunity consists of two closely linked responses, both triggered by antigens:

· Cell-mediated immune responses trigger CD8 T Cells ( proliferate ( Cytotoxic T Cells and directly attack invading antigen.

· Antibody-mediated immune responses trigger B Cells to ( Plasma Cells ( secrete antibodies which bind to, and inactivate, a specific antigen 

· There are four different ways immunity is acquired:

· Naturally acquired active immunity
· Antigen recognition by B and T cells leading to antibody secreting plasma cells, cytotoxic T cells, and B and T memory cells. 

· Naturally acquired passive immunity 

· IgG antibodies cross the placenta from mother to foetus and IgA antibodies are passed from mother to baby during breastfeeding. 

· Artificially acquired active immunity 

· Antigens introduced during a vaccination stimulate cell-mediated and antibody-mediated immune responses leading to production of memory cells.

· The antigens are pre-treated to be immunogenic not pathogenic, i.e. to trigger an immune response but not cause significant illness. 

· Artificially acquired passive immunity
· Intravenous injection of immunoglobulins (antibodies).


B CELLS AND T CELLS (LYMPHOCYTES)

	· The Lymphoid system consists of the total mass of tissue associated with lymphocytes and their function

· Primary Lympohoid tissue

· Bone marrow

· Thymus

· Secondary Lymphoid tissue

· Lymph nodes

· Spleen

· Other lymphoid tissue

· B cells and T cells Lymphocytes

· Cells that develop the ability to carry out immune responses (immunocompetence)

· Both develop from pluripotent stem cells that originate in red bone marrow.


	
	MATURATION
	1o Function

	B CELLS
	Complete their development in the Bone marrow.
	Secrete Antibodies

	T CELLS
	Develop from pre-T cells that migrate from bone marrow ( Thymus
	Secrete cytokines


	· MATURATION

· Before leaving site of development, lymphocytes acquire certain surface molecules capable of recognising specific antigens (antigen receptors).

· T4 OR T8?

· T cells exit the thymus with a further surface protein: either

· CD4 or CD8

· Important proteins as they give each type of T cell, known as T4 and T8 respectively, a very different function.


ANTIBODY-MEDIATED IMMUNITY

	ANTIBODIES: STRUCTURE

· Immunoglobulins sharing same basic structure

· 2 identical light chains

· 2 identical heavy chains

· => Y shaped molecule
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	MECHANISM

· Intruding antigen is sensed by the B-cells in the lymph nodes.

· B cells can respond to unprocessed antigens, but their response is more intense when dendrites cells present antigens to them.

· IL-2 and other cytokines secreted by helper cells provide co stimulation for the proliferation of B cells.

· B-cells become sensitised and transform ( plasma cells (Larger secretory type of cell)( proliferates, forming a clone, and all the cells in the clone synthesise an antibody into the plasma (specific protein molecule)

· Upon encountering the antigen, the antibodies bind with the antigen molecules and deactivate them.

· Whole process takes from days to weeks.

· Antibodies work in three ways:

· Neutralisation
· Blocking the biological activity of their target molecule and preventing attachment to body cells.

· Immobilising

· Act on cilia / flagella of bacterium so limiting motility / speed

· Agglutinating

· Due to 2 sites may cross link pathogens

· E.g. a toxin binding to it's receptor

· Opsonisation
· Interact with special receptors on various cells, including macrophages, neutrophils, basophils and mast cells allowing them to "recognise" and respond to the antigen

· Complement Activation
· Cause direct lysis by complement recruitment also enhances phagocytosis
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	CLASSES OF IMMUNOGLOBULINS (ANTIBODIES)

· Althrogh there are only five main classes, the number of different antibody molecule is immense. (Thousand million million)
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· IgG

· Greater response antibody

· Most abundant in plasma

· Protects against viruses and bacteria.

· Found in

· Blood

· Lymph

· Intestines

· IgA

· Provides localised protection on mucous membranes against bacteria and viruses.

· Found mainly in

· Sweat

· Tears

· Saliva

· Mucus

· Milk

· GI secretions

· IgM
· IMMediate Response

· First antibody class to be secreted by plasma cells after initial exposure to an antigen

· Found in

· Blood

· Lymph

· As antigen receptors on surface of B cells.

· IgD
· Involved in activation of B cells.

· Found in

· Blood

· Lymph

· As antigen receptors on surface of B cells

· IgE 

· Least abundant of all antibodies

· Bound on mast cells and basophils

· Involved in allergic and hypersensitivity reactions and provides protection against parasitic worms.

MEMORY CELLS

	· After antigens are deactivated, antibodies usually diminish in number.

· However, upon 2nd exposure to same antigen, the body's antibody production is more rapid and more intense.

· Enhanced response is due to a particular type of plasma cell called the MEMORY CELL.

· B-cells produce memory cells upon their first exposure to the antigen.

· Memory cells learn how to produce the antibody at first, then rest until 2nd exposure to same antigen

· ( Activated rapidly & form numerous clones

· ( Produce ( amounts of the antibody.


IMMUNISATION

	· Memory cells are involved in immunisation by vaccination.

· Here, the body is intentionally exposed to a small amount of attenuated/ killed antigen ( to sensitise the immune system and form memory cells.

When body exposed to the same antigen later ( immune system will be ready to defend against it & antibody production will be quick and intense.
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ANTIGENS

	· These are the substances that are recognised as foreign and provoke an immune response.

· Entire microbes or parts of microbes may act as antigens.

· Bacterial structures such as flagella, capsules and cell walls are antigenic, as are bacterial toxins.

· Non-microbial examples of antigens include

· Pollen

· Egg white

· Incompatible blood cells

· Transplanted tissues and organs.

· Antigens that get past the non-specific defences generally follow one of three routes into lymphatic tissue:

· Most antigens that enter the bloodstream are deposited in the spleen. 

· Antigens that penetrate the skin enter lymphatic vessels and reach lymph nodes. 

· Antigens that penetrate mucous membranes lodge in the mucosa-associated lymphoid tissue (MALT).

· Antigens have 2 important characteristics:

· Immunogenicity
· Ability to provoke an immune response by stimulating the production of specific antibodies, the proliferation of specific T cells, or both. 

· Reactivity
· Ability of the antigen to react specifically with the antibodies or cells it provoked. 

· Epitope- small part of an antigen that intitiates the immune response.


	HAPTEN

· Smaller substance that has reactivity but lacks immunogenicity.

· A hapten can stimulate an immune response only if it is attached to a larger carrier molecule.

· An example is when a drug, such as penicillin combines with proteins in the body to form immunogenic complexes.

· Such hapten-stimulated immune responses are responsible for some allergic reactions to drugs and other substances.


MAJOR HISTOCOMPATIBILITY COMPLEX

	· At the plasma surface of most body cells are 'self-antigens'

· MAJOR HISTOCOMPATIBILITY COMPLEX (MHC) ANTIGENS.

· Aka Human Leukoocyte Antigens

· MHC antigens are unique to indiviadual (unless identical twins)

· MHC molecules mark the surface of all your body cells (except red blood cells).

· Although MHC antigens are reason that tissues are rejected when they are transplanted, normal function is to help T cells to recognise that an antigen is foreign, not self.

· Important step in any immune response

· Disease resulting from the loss of this ability is termed autoimmune.


	MHC-I & MHC-II

· The two types of MHC antigens are class I and class II:

· MHC-I molecules

· Built into the plasma membranes of all body cells except red blood cells. 

· MHC-II molecules

· Appear only on the surface of

· Antigen-presenting cells
· Macrophages
· Monocytes
· B Cells
· Dendrite Cells
· Thymus cells
· T cells  (that have been activated by exposure to an antigen)


	PROCESSING AND PRESENTING OF ANTIGENS EXOGENOUS (antigens present in fluid outside cell)

1. Phago/ endo cytosis of antigen

2. Digestion of antigen into peptide fragments

3. Vesicles containing peptide fragments and MHC-II molecules fuse

4. Peptide fragments bind to MHC-II molecules

5. Vessicle undergoes exocytosis and antigen MHC-II is inserted into plasma membrane

6. APC ( Lymphatic tissue ( Presents to T cells.


	PROCESSING AND PRESENTING OF ENDOGENOUS ANTIGENS (antigens present / synthesised within body cell)

· May be viral or abnormal protein synthesised by cancerous cell

· Fragment of antigen associate with MHC-1 inside infected cell

· Complex ( plasma membrane ( displayed


CYTOKINES

	· Small protein hormones that ( or ( many normal cell functions, such as cell growth and differentiation.

· Secreted by

· Lymphocytes

· Antigen-presenting cells

· Fibroblasts

· Endothelial cells

· Monocytes

· Hepatocytes

· Kidney cells

· Some cytokines stimulate proliferation of progenitor blood cells in bone marrow.

· Others regulate activities of cells involved in non-specific defences or immune responses.

· Interleukin-1 (IL-1)
· Produced by monocytes and macrophages

· Co-stimulator of T cell and B cell proliferation

· Acts on hypothalamus to cause fever.

· Interleukin-2 (IL-2) [T cell growth factor]

· Secreted by helper T cells to co-stimulate the proliferation of helper T cells, cytotoxic T cells, and B cells

· Activates NK cells.

· Interleukin-4 (IL-4) [B cell stimulating factor]

· Produced by activated helper T cells

· Co-stimulator for B cells; causes plasma cells to secrete IgE antibodies; promotes growth of T cells.

· Interleukin-5 (IL-5)
· Produced by certain activated T4 cells and activated mast cells

· Co-stimulator for B cells

· Causes plasma cells to secrete IgA antibodies.

· Tumour Necrosis Factor (TNF)
· Produced mainly by macrophages

· Stimulates accumulation of neutrophils and macrophages at sites of inflammation and stimulates their killing of microbes

· Stimulates macrophages to produce IL-1.

· α, β & γ Interferon
· See Antimicrobial Proteins

· Perforin

· Lymphotoxin

· Transforming Growth Factor


CELL-MEDIATED IMMUNITY

	· T cell responses are involved in defence against the slow-acting bacteria such as tuberculosis and against fungal infections.

· Also involved in rejecting transplanted organs and eliminating cancer cells in the body.

· Upon encountering a foreign cell fragment presented on MHC, certain T cells become sensitised and proliferate forming a family of T cells.

· Proliferation requires continuation either by cytokines e.g. IL-2 or by pairs of plasma membrane molecules

· Most important of these is the cytotoxic or killer T cell - which displays the CD8 protein and recognise antigen fragments associated with MHC-I.

· Cell contains antigen receptors on its surface that recognise and bind with the surface antigens of the foreign cells.

· The killer T cell then infuses

· lysosomal enzymes (perforin) into the foreign cell, causing its lysis and death

· lymphtoxin which causes fragmentation of the DNA of the target cell.

· In general, T cell-mediated immunity is based on the differentiation of self-antigens normally present in body cells from non-self antigens present in the foreign cells and cancer cells

· These antigens are the MHC molecules.

· This ability to differentiate the self from non-self is acquired early in life when the pre-T cells migrate into the thymus.

· Cytotoxic T Cells, Macrophages and NK Cells carry out immunological surveillance, recognising and destroying cancerous cells that display tumour antigens


	MEMORY T CELLS

· Memory T cells

· Cells that remain from a proliferated clone after a cell-mediated immune response. 

· Should a pathogen with the same foreign antigen invade that body at a later date, thousands of memory cells are available to initiate a far swifter reaction than occurred during the first invasion.

· Second response is usually so fast that the pathogens are destroyed before any signs or symptoms of the disease appear.


	IMMUNOLOGICAL TOLERANCE & SELF RECOGNITION

· To function properly, each T cell must have two properties:

· Self-recognition- +ve selection
· Must be able to recognise self-MHC molecules. 

· Immunological tolerance- ve selection
· Must lack reactivity to individual’s proteins

· T cells that react to unaltered MHC molecules are destroyed in the thymes

· Those B cells that have too high an affinity for the host cell suface markers are deleted in the bone marrow and never reach the circulation.

· Loss of tolerance ( development of autoimmune disease.


HYPERSENSITIVITY

	· The adaptive Immune System can respond to a wide range of antigens. In normal people, the response is appropriate and correctly targeted against the invading organism.

· Sometimes the activeity of the immune system leads to pathological changes in the host tissues.

· Such reactions are called hypersensitivity reactions.

· Whereas pathogens grow and multiply within their host, causing symptoms of illness, allergens pose no such threat.

· However, the allergic immune system silently reacts as if a pathogen were present, memorising it for subsequent encounters.

· Hypersensitivity can be split into four categories:


	TYPE 1- ALLERGIC REACTIONS

· In non-allergic people, the immune system has already identified the potential allergen as harmless so no action is taken on subsequent encounters.

· In allergic people, however, the immune system launches the rapid response associated with an infection.

· In attempting to kill off what it mistakes as a pathogen, the immune system causes the symptoms of allergy.

· Mediated by IgE antibodies and mast cells

· Examples are hay fever and asthma

· Steps leading to allergic response area

· Generation of IgE that is specific for particular antigen

· Binding of IgE to mast cells and basophils

· Binding of more molecules of allergen to the bound IgE which results in resulting in a cross link causing…

· …Degranulation of mast cells (Histamine, Prostaglandins, Leukotrienes, Cytokines) and the secretion of vasoactive materials
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	· This sequence leads to generation of inflammatory response.

· Subsequent events depend on site at which allergen initiated reaction.

· Airways- release of histamine, formation of leukotrines --> bronchoconstriction characteristic of asthma

· Circulation- provocation of generalised inflammatory reaction --> circulatory collapse (Anaphalactic Shock)
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	TYPE 2- ANTIBODY DEPENDENT CYTOTOXIC HYPERSENSITIVITY

· IgG reacts with host cells, so initiating process leading to their destruction

· This unwanted reaction may follow transfusion of incompatible blood, skin / organ transplant.

· Occasionally, lymphocytes attack host cells themselves (respond to normal host antigens)

· Autoimmunity

· If antibodies react with normal hormone receptors, they may either stimulate the particular receptor as in hyperthyroidism or they may block the action of the normal hormone as in hypothyroidism.


	TYPE 3- IMMUNE COMPLEX HYPERSENSITIVITY

· When an antibody reacts with an antigen, it forms an immune complex that may precipitate.

· If these complexes are not phagocytosed rapidly which is their usual fate, they may accumulate in the small blood vessels.

· When this happens, they are attacked by complement and neutrophils.

· The ensuing reactions may cause damage to the endothelium at a critical point in the circulation and compromise the function of a particular organ- eg glomerulonepritis

· Resulting in deposition of immune complexes in the glomerular capilliaries and is a common cause of renal failure


	TYPE 4- CELL MEDIATED DELAYED HYPERSENSITIVITY

· Can manifest itself as an allergic reaction to certain parasites (bacteria, fungi) as a contact dermatitis resulting from sensitisation to a chemical agent, or by the rejection of a tissue graft or transplant. This type of hypersensitivity is medicated principally by the T cells.


THE ADAPTIVE IMMUNE SYSTEM:
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Memory Cells remain from proliferated clone that are available to initiate a far swifter reaction than occurred during the first invasion if the same foreign antigen invades





T MEMORY CELL





NATURAL KILLER CELLS


(5-10% of lymphocytes. Release perforin in abnormal MHCs.





Histiocytes in the skin and sub cut


Stellate reticulo endothelial (Kupffer) cells of liver


Alveolar macrophages of the lungs


Microglia of the nervous system


Tissue macrophages of the spleen, lymph nodes and red bone marrow.





MACROPHAGES





WANDERING





FIXED





MONOCYTES





NEUTROPHILS





PHAGOCYTES





1.Chemotaxis�
Chemical attraction to a site�
�
2.Adherence�
Attachment to the microbe. Complement enhances this.�
�
3.Ingestion�
Projection of pseudopods, together forming phagosome around microbe.�
�
4.Digestion�
Pseudopod and Lysosomes fuse forming a phagolysosome�
�
5.Killing�
Only indigestible residual bodies are left�
�






Bacteria marked for phagocytosis





Coat antigen (antibody antigen complex





CD8 (T KILLER CELLS) RECOGNISE MHC I





CD4 (T HELPER CELLS) RECOGNISE MHC II





T CELLS





B CELLS





LYMPHOCYTES





T Killer Cell may receive help from T Helper Cell (with cytokine- IL-2), expanding clone size





T Killer Cell kills target cell and virus with infusion of perforin (lysis) or lymphotoxin (DNA defragmentation)





T Killer Cell recognises complex on target cell surface





Peptide MHC on target surface Cell





Viral Peptides Associate with MHC II Class





Virus Infects Target Cell





T Helper Cells secrete cytokines to stimulate B cells (/ APC to engulf)





Activated T helper Cell proliferates ( Clones





T Helper Cell Recognises MHC peptide complex on B Cell (/ APC)





Antibodies for 4-5 days until plasma cell dies





Memory Cells





Plasma Cells





B Cell proliferated ( Clones (helped by T helper cells & IL4)





MHC-II peptide complex exsposed on B cell surface





Processed antigen binds to MHC-II





Antigen-receptor complex is endocytosed





B Cell Surface receptor (or APC) binds to Antigen





ANTIBODY MEDIATED


IMMUNE RESPONSE





CELL MEDIATED IMMUNE RESPONSE





CO STIMULATION?





C3a





C3b





Both
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