Hypersensitivities – 17/03/03
General Information (Abbas pp 201)

Immune responses are considered to defend the host against infections. Sometimes, immune responses are themselves capable of causing tissue injury and disease. There are two main types of hypersensitivities: 1) an immune response towards a foreign antigen that is uncontrolled and dysregulated, 2) immune responses can be directed against self antigens – therefore tolerance is reduced/impaired. 
Type I Hypersensitivity – Humoral – 2-30 mins (Abbas pp 202, Fig 11-1)

These types of hypersensitivities are also called allergies. Individuals that develop such reactions are said to be “atopic”. It often follows inflammation and results in the production of IgE. This triggers release of mediators from mast cells. It is important to note, that for immediate hypersensivity reactions to occur – the host must have had previous exposure to the antigen. Common types of Type I reactions include: hay fever, food allergies, bronchial asthma, and anaphylaxis. 
Steps in immediate hypersensitivity (Abbas pp 202)

Production of IgE antibody
· Normal individuals do not mount a strong TH2 response to most foreign antigens. For some unknown reason, some individuals mount this abnormally sensitive response

· Immediate hypersensitivity therefore develops when an “atopic” individual is exposed to an allergen (protein antigens) ( causes the activation of TH2 cells. 

· TH2 begin secreting cytokines. Of these, Il-4 & IL-13 stimulate B lymphocytes specific for the particular foreign antigen to start producing IgE antibodies. 

· “Atopic” individuals begin to produce large amounts of IgE compared to normal individuals. It has been established that “atopy” has a genetic link. 
Activation of Mast cells and secretin of mediators

· Once IgE is produced in response to a particular allergen, it binds to the FcRI receptors expressed on the cell membrane of mast cells. The mast cells are now coated with IgE antibody that is specific that particular allergen. This coating process is called “sensitisation” because now the mast cells are sensitive (“loaded” with IgE) to activation upon contact with that allergen. 

· Mast cells are present in all connective tissues of the body, so which mast cells are activated depends on the route of entry of the allergen. 

· Thus, when the allergen presents again at a later stage the mast cells get activated. This occurs due to binding of the allergen to 2 or more IgE antibodies on the mast cell. 

· This causes IgE and Fc receptors (carrying the IgE) to cross link. This triggers biochemical signals from signal transducing chains of the FcRI receptor. This causes the production of mediators. 

· The most important of these mediators are: vasoactive amines (i.e: histamine) and proteases released from granules, products of arachidonic acid metabolism and cytokines. For fn of these mediators refer to: Abbas pp 205. Generally, mast cell mediators cause acute vascular and smooth muscle reactions + inflammation. 
· The cytokines produced by the mast cells stimulate leukocytes to be activated ( late phase reaction. The leukocytes are: eosinophils + neutrophils (both stimulated by TNF and IL-4), and TH2 cells.  Chemokines produced by mast cells and tissue cells also cause leukocytic recruitment. TH2 cells can further release cytokines which exacerbate the reaction. 
The dose and route of allergen administration determines the type of IgE-mediated allergic reaction that results. I.e.: Whether it is serious or not so serious. 
The allergen can enter the body via 1 of 4 ways:

· Intravenously, directly into the blood stream (i.e.: injected drugs, snake bites)

· Subcutaenously – low dose
· Inhalation – low dose
· Ingestion

All Immediate hypersensitivity reactions require mast cell activation upon a re-presentation of that particular allergen. Mast cells are found throughout the body. Generally, they are divided into mast cells associated with blood vessels and those found in connective tissue. In an allergic individual, all of these cells are loaded with IgE antibodies. Thus, the allergic response initiated upon re-presentation depends on which mast cells are activated. Allergen administration intravenously results in systemic histamine release due to systemic mast cell activation, subcutaneous administration results in local inflammatory reaction, inhalation causes mucosal mast cell activation resulting in excess mucous produced, and smooth muscle contraction of lower airways. Ingestion of an allergen activates gut mucosal mast cells, therefore smooth muscle contraction ( vomiting. The allergen is also absorbed into the blood ( back to intravenous administration. 
Detection / Therapy for Immediate Hypersensitivity (Abbas pp 208)
Detection is simply done by skin test, RIST test (for IgE levels) and RAST (for antigen specific IgE levels). Therapy is aimed at inhibiting release of mediators of mast cells, inhibiting effects of mast cell mediators, and reducing inflammation. Firstly, you remove the allergen causing the allergic reaction. Commonly used drugs include: anti-histamines (hay fever), bronchial smooth muscle relaxants, adrenaline (anaphylaxis), corticosteroids (anti-inflammatory). Repeated administration of the allergen in small doses makes the host desensitised ( de-sensitisation/hyposensitisation. 
Type II Hypersensitivity – Antibody mediated – 5-8h (Abbas pp 209)
IgE causes Type 1 Hypersensitivity. What about other antibodies? Other antibodies can cause disease by directly binding to antigens in cells and tissues (type II), or by forming antigen-antibody complexes (type III) which deposit in blood vessels. Usually, the antibodies that cause the disease are against self-antigens, and rarely against microbial infections. One example of such a case is: streptococcal infections. Antibodies against these cross react with heart muscle therefore causing rheumatic fever. Sometimes the antibody can deposit in kidney glomeruli causing glomerulonephritis. 
Mechanism of tissue injury and disease

· Antigens may deposit in cells or tissues, and antibodies (IgG & IgM) produced against these specific antigens may deposit in cells and tissues as well causing injury by inducing local inflammation or interfering with normal cellular functions. 
· Clinical examples of a Type II hypersensitivity reaction are:

· Foetal problems: Foetus Rh +ve, mother Rh –ve. Mother starts making antibodies against foetus. 1st pregnancy is fine, but 2nd pregnancy (if foetus is Rh +ve again) will cause problems due to maternal antibodies attacking foetus. 

· Grave’s Disease: antibodies act as hormones and bind to hormone receptors in the Thyroid gland. Cause increase production of thyroid hormone. 
· Myasthenia gravis: antibodies against Ach receptors at neuromuscular junctions cause inhibition of receptors. Therefore skeletal muscle contraction does not occur ( paralysis. 

· IgG & IgM antibodies bind to neutrophil and macrophage Fc receptors activating these cells. This results in inflammation. The same antibodies, this time including IgM, activate the complement system by the classical pathway resulting in production of complement by-products that further recruit leukocytes ( inflammation. Leukocytic activation means these cells produce reactive oxygen intermediates and lysosomal enzymes that damage adjacent tissues. 
· Another process is by opsonisation. The antibody may fixate on platelets or red cells with antigen, which opsonises these cells therefore increasing the efficiency of phagocytosis. 

Type III Hypersensitivity –Immune Complexes – 2-8h (Abbas pp 211)

Type III Hypersensitivity occurs as a result of deposition of antigen-antibody complexes – immune complexes – in tissue spaces. Usually these areas are in blood vessel sites where there is turbulence (branches of vessels) or high pressure areas. Thus, immune complex diseases are usually systemic (i.e.: vasculitis, arthritis, and nephritis). The deposition of immune complexes induces inflammation by activating leukocytes – similar to Type II Hypersensitivity. 
· Antibodies in immune complexes (i.e: IgG & IgM) bind to Fc receptors of neutrophils and macrophages activating them ( inducing inflammation.

· IgM activates the complement cascade via the classical pathway, complement by-products induce further inflammation. Leukocytic activation results in enzymes released (“frustrated phagocytosis”) that cause damage to adjacent tissues. 

· Leukocytes also release cytokines which increase blood vessel permeability ( increasing ability of immune complex to deposit in local tissues. 

Note the process above is exactly the same as Type II, except the initiating factor is immune complex NOT antibodies. 

If the reaction is localised it is termed an Arthus reaction (i.e.: deposition of immune complex is local), if it is systemic it is termed as serum sickness (i.e.: deposition occurs in blood vessels). 
Arthus Reaction – Localised Type III Hypersensitivity Reaction (Abbas pp 263)
· This is an experimental immune complex mediated reaction. An Arthus reaction occurs when immune complexes deposit in local tissues ( local inflammatory response. IgG is already made, so injection of a foreign antigen subcutaneously means immune complexes will be formed subcutaneously locally. Because it is a low dose antigen – immune complexes are only formed locally ( activating leukocytes and complement system. As a result inflammatory cells infiltrate the area (↑ vascular permeability), and blood flow is increased. 
Serum sickness

· This is caused by injecting large doses of antigen into the blood stream. This causes immune complexes to be deposited within blood vessels. This occurs in high pressure and high turbulent areas (joints and kidneys). This causes leukocytic and complement activation causing inflammatory responses (i.e.: arthritis & vasculitis). Fever is characteristic. Symptoms resolve when foreign antigen is cleared.  
· The large doses of antigen arise from horse serum because they contain antitoxin antibodies. 

Refer to lecture notes for examples of clinical diseases due to formation of immune complexes

Type IV Hypersensitivity – Delayed Type – 24-72h (Abbas pp 211)
This is referred to as delayed type hypersensitivity, and these occur as a result of T lymphocytes reacting, usually against self antigens ( resulting in autoimmune diseases. Most autoimmune diseases are Type IV Hypersensitivity reactions. 
Mechanisms of Tissue Injury

· Host is exposed to tissue antigen, which is broken down and is presented on APCs
· Naïve CD4+ cells recognise these peptides and differentiate into Th1 cells. Th1 cells migrate into the blood stream and remain as a pool of memory cells. Then when the host is presented with the same antigen again, the hypersensitivity reaction is started. Delayed because T cell activation is via APC and migration to infection site. 
· Antigen re-presents, and are presented on APCs and Th1 cells interact with these ( get activated. Th1 specific cytokines are released that induce local inflammation and activate macrophages. The macrophages along with other inflammatory cells cause tissue injury. 

· A variant of Type IV reactions is when CD8+ T cells specific for antigens borne by autologous cells lyse these cells. The killing mechanism can be perforin-granzyme dependent or Fas-Fas ligand dependent (Refer to Tutorial notes I emailed for more details). 
· The Mantoux test works on Type IV Hypersensitivity reaction principle. The antigen is Mycobacterium TB + tuberculin. In TB, granuloma formation results because the infection cannot be eradicated, so granuloma causes functional impairment (Abbas pp211). 
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