Innate Immunity

The innate arm of immunity is dealing non-specifically and is activated in response to any antigen present. This is the memory less arm of the immune system. 

The following notes will deal independently with the parts of the innate immune system. 

Physiologic and Chemical Barriers (Skin and Mucous Membranes)

The skin and mucous membranes offers the first degree of protection against any invasion of microorganisms. The continuous shedding of the skin means that infections that are stagnant on the surface are lost continuously. The appendages of the skin that produce sweat, sebaceous secretions that have low pH add further protection to the body. The acidic conditions make it difficult for microorganisms to bypass. So far we have dealt with the physical and chemical barriers. 

In serum there are a range of proteins including interferons and complement system that also contribute to the innate immune system. Interferons are a specific group of proteins that are produced by viral infected cells, in order to protect the surrounding cells from the viral infection. This is a defensive mechanism. The complement system is activated in response to the presence of some micro-organisms – this results in an enzymatic cascade – this targets membrane of pathogenic organisms and leads to their destruction. 

The mucosal covering over certain epithelial linings, offers further protection. This is because these linings are exposed to the external environment. The mucous products traps micro-organisms and dust particles and these are swept away by cilia present. An example is the respiratory tract. The nostril hairs and cough reflex is another example of protective mechanisms to rid ourselves of micro-organisms. The chemical environment, such as a low pH also makes it unattractive for micro-organisms to live. 

Circulating effector proteins

Acute phase proteins: these are produces immediately after infection by the liver ( this activates the complement system

Complement: these are found in the serum, produced non-specifically 

Antibodies: produced by plasma cells, and bind to antigen and deactivate them

Chemokines: these are chemotactic proteins that we involved in setting up the chemical gradient ( known as chemotaxis

Cytokines: produced immediately after infection. They play a key role in the inflammatory response. (i.e.: IL-1, TNF-alpha). 

Cytokines and chemokines produced

Which of these substances are produced under which circumstances?

· TNF, IL-1 (chemokines): produced during inflammation

· Interferons: produced in response to a viral infection, protects other nearby cells

· IL-12: induces interferon production

· IL-15: induces NK cell proliferation

Mononuclear phagocytic system

The mononuclear phagocytic system includes all the resident tissue macrophages. These are non-circulating, hence are not found in the blood stream. The ones found in the blood stream are called polymorphonuclear leukocytes (also known as granulocytes). These include: mast cells, eosinophils, neutrophils, and basophils. These are short-lived phagocytic cells, which contain enzyme rich lysosomes. Macrophages, on the other hand are found in tissues. They are derived from monocytes, found in blood. The main function is to engulf antigens, and using lysosomal enzymes break down the polypeptides and sugars to simpler compounds for excretion or reutilisation. The second main function is to partially take them up, and partially digest them leaving them on the surface of the cells. They act, in this case, as antigen presenting cells. 

What distinguishes microbes from healthy normal cells?

It is important to realise that macrophages (part of the mononuclear phagocytic system) are resident in tissues and are only response to foreign material. They do not respond to health self cells. Why?

This is because they are able to recognise patterns, identify common structures among healthy cells, identify unique structures and respond to structures not expressed by self-cells. 

Recognition of microbes by innate immune system

The microbes that enter our body have carbohydrate structures present on their cell surface. An example is mannose structure. Self cells have very little mannose receptors on their surface. But when these self cells binds to the microbes (i.e.: mannose binding to mannose receptors), then we have a two cell structure that is recognised as non-self. 

Phagocytosis is a process by which the phagocytes engulf the foreign material. This process may be enhanced by making the foreign “more visible”. How? What if the macrophages have receptors to special substances present on the microbial wall. This means, these microbes are easily identified and killed. These substances that enhance the “visibility” and hence “phagocytobility” are called opsonins. The process of opsonisation is when microbes are coated with substances produced during the early phase of the innate immune response. We have already talked about this before. Remember: mannose binding protein, acute phase proteins, complement, and antibody, serum amyloid protein P – these function in the opsonisation process. 

Inflammation

Inflammation is the non-specific response to tissue injury caused by infections, physical trauma, chemical factors, necrosis, or hypersensitivity. Inflammation is the first step that occurs in the event of tissue injury. 

The clinical features of inflammation is: pain, redness, swelling, heat and loss of function. It is composed of various steps, which have already been discussed in “Acute Inflammation Lecture”. Please refer to this lecture for in depth information. 

Major steps of inflammation

· Short period of vasoconstriction

· Vascular dilatation

· Emigration (includes margination, adhesion, gap formation)

· Major adhesion proteins (i.e.: P selectin, E-selectin, ICAM-1, VCAM-1)

· Diapedesis

· Chemotaxis

· Phagocytosis (i.e.: uptake and internalisation)

Types of Macrophages

Even though we classify phagocytic cells such macrophages into one big class. It is important to see them as individual cells within a particular body system. For example: in skin they are called Langerhan cells, Liver ( Kupffer cells, alveolar macrophages etc. 

Macrohages in solid tissue are called histiocytes. 

