Immunology – Immune System Overview

Why have an immune system?

The immune system is the body’s only protective system, and comprises of various mechanisms whereby non-body particles are killed off or prevented from entering the body’s normal metabolism. There are a number of different pathogenic organisms which cause disease and thus disturb the body’s normal function. These are as follows:

· Fungi

· Bacteria 

· Parasites

· Protozoa

· Helminths

· Cancer: body cells become cancerous and uncontrolled cell growth and cell division/differentiation occurs. This can be stimulated by external factors such as: radiation, carcogenic agents in food and materials, UV light etc. 

Why is the immune system important?

The immune system is important because it acts as barriers for pathogens to get through. If the pathogens do not find a break in our immune system – then they cannot prevail. Most pathogens initially find this break and incompatibility but eventually the body’s immune system will respond efficiently and effectively against a pathogenic organism. In instances where the body is not capable of providing the high level of defence, we can induce it to increase its effectiveness and efficiency. Here are a list of factors and their associations in clinical situations: 

· The immune system provides a very effective defence against infection ( we can make vaccinations which have a positive influence on this defence

· The immune system provides defence against tumours ( we can influence this via immunotherapy

· The immune system produces antibodies which neutralise the pathogenic organisms ( these antibodies can be testes in the laboratory and used to synthesise more antibodies

· The immune system provides tissue incompatibility ( this can be detrimental effect because we are unable to readily have transplantation of organs from one individual to another. Although immunosuppressive drugs are widely used nowadays when transplantation is necessary. 

What comprises the immune system?

The immune system can be systematically broken down to different arms. The innate immunity is a non-specific response to any tissue injury or pathogenic agent. It has no specificity and has no memory. This is important because the body is readily able to attack the disturbance brought to it. 

The other arm of immunity is specific immunity. This is also termed a learned response. The specific immunity comprises of memory, so a second response will produce a greater effect than the first. These parts of the immune system will be discussed in detail later on.

We should also take into account how these immune response act. They can act via soluble factors, which neutralise the pathogen in question or they can directly attack the pathogen in question via direct cell-to-cell contact. These are called: humoral and cellular responses respectively. We should keep in mind that there is a lot of interactions between the different arms, and we cannot isolate each arm. Some cells are unique to one arm, whilst others are found in both. 

Innate Immunity – The details

Innate immunity is the non-specific arm of the immune system. In every active case where a pathogen causes tissue injury, the innate immune response is always first. Components of innate immunity can be physical, chemical or physiological. A classic innate response is the inflammatory response. This is a non-specific response to tissue injury. 

· Physical barriers, e.g.: skin, mucous linings of tracts (respiratory tract, GI tract)

· Chemical / Physiological barriers, e.g.: pH of stomach makes it hard for bacteria to grow in, body temperature of 37(C is often high for pathogens to multiple in, digestive enzymes within cells make it difficult for pathogens to flourish and live long

· Cellular barriers, e.g.: macrophages (phagocytic cells), neutrophils (blood phagocytic cells), monocytes (precursors to macrophages). 

Cells of the innate immune system

· Phagocytic cells: neutrophils (blood), tissue macrophages, eosinophils (blood), basophils (blood)

· Non phagocytic cells: 
NK cells, mast cell (release of chemical mediators), platelets, lymphocytes within epithelium (detect antigenic activity). 

Molecules of the innate immune system

· Complement, inflammatory mediators, kinins, acute phase proteins, cytokines etc. 

Specific immunity – The details

The main differences between the innate and specific immunity responses is one is immediate and non-specific and the latter takes time and is specific. Considering a microbe the following pattern is established in terms of the two types of immunity:



Cells of specific immunity

· Lymphocytes

· APCs: Antigen Presenting Cells are dendritic in appearance. These phagocytose the microbe and present it to the specific arm of the immune response. These cells are similar to macrophages but are dendritic in appearance. 

· B Lymphocytes: these cells bind antigen, differentiate into plasma cells and make the specific antibody for that particular antigen

· T Lymphocytes: these cells recognise the antigen that is bound to APC’s. 

· CD4 T cells: “helper” T cells – produce cytokines 

· CD8 T cells: “cytotoxic” T cells – attack the infected cells and kill them 


Specificity and Memory

There is a distinct difference between specificity and memory. Specificity is in relation to the immune response’s ability to distinguish different molecules, and treat each microbe as uniquely individual. The ability to recognise and respond to individual microbe is called “specificity”. 

Memory is the immune system’s ability to recognise and recall a particular immune response. For example: once infected – the immune response synthesis antibodies. If the same type of infection occurs again, then antibodies are already present and hence immune response remembers recalls this response (i.e.: recalls antibodies to bind to antigen and neutralise them). The advantage of memory in the specific arm of the immune system is that it can enhance the second response to a particular recurrent infection. 



Morphology of a Lymph Node (Wheaters 3rd Ed Pg 204)

Refer to any Histology Textbook. Main points are summarised below:

· Capsule: surrounds the lymph node

· Afferent lymphatics penetrate the capsule and drain into the subcapsular sinus

· Cortex (B cells), Paracortex (T cells), and Medulla (Plasma cells)

· Efferent lymphatics converge in the medulla to form the main efferent lymphatic and leave the node via the hilum

· Cortex consists of lymphoid follicles (aggregations of lymphocytes): each having a pale staining germinal centre.

· Medullary cords are lymphocytes which penetrate into the medulla from the cortex

· The drained lymph travels from the subscapular sinus, via the cortical sinuses and into the medullary sinuses ( eventually to the efferent lymphatic ducts.

· Trabeculae extend from the capsule into the parenchyma of the lymph node to separate the lymph node into smaller segments

Tolerance versus Immunity

Tolerance is the body’s ability to react to non-body cells and not body cells. It’s the failure to react against self cells. This is to do with self recognition molecules called: Major Histocompatibility Complex. Each body cell has this on its surface. There are two classes: MHC-I, MHC-II. This determines self from non-self. This will be discussed in subsequent lectures in more detail. 
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