Pathology – Acute Inflammation

Introduction (Robbins Pg 50 – 52)

The inflammatory process is to do with the way blood vessels react and leak out leukocytes and other cells into the extravascular tissue. The main function of inflammation is its protective response, and ultimately with try and destroy the causative agent (e.g: bacteria or toxins) and the consequences of the agent (e.g.: necrosis etc). 

The cells involved in the inflammatory response can be divided into two categories according to their location with respect to the injurious site. The cells located in the blood are: neutrophils, eosinophils, monocytes (precursors to macrophages), lymphocytes, basophils, and platelets. The cells lying in the peripheral tissues are: mast cells (release mediators), connective tissue fibroblasts, and resident macrophages and lymphocytes. 

Acute vs Chronic Inflammation

Acute inflammation is when the inflammatory response occurs for a short duration, causing the leakage of excess fluid (oedema) and leukocytes into the extravascular tissue. Chronic inflammation occurs for longer duration of time, and histologically associated with presence of macrophages, lymphocytes, blood vessel proliferation, fibrosis and tissue necrosis. 

ACUTE INFLAMMATION (Robbins Pg 52)

In acute inflammation, there is a non – specific immune response towards an injurious agent. Acute inflammation has specific stages which relate to specific changes and these are summarised below:

Vascular changes (Robbins Pg 53)

There is a short period where vasoconstriction occurs, and then vasodilation results. This brings about an increased blood flow, accounting for the redness and heat commonly associated with the clinical signs of inflammation. Clinical signs include: redness, heat, swelling, pain, loss of function. 

Once vasodilation occurs, there is a period where the circulation slows down, thus causing an increased permeability of the microvasculature. This causes excess leakage of exudate (fluid rich in proteins and leukocytes). This loss of fluid concentrates the blood stream, with more red blood cells ( leading to greater viscosity. With blood vessels packed with RBC, this is termed stasis. 

Stasis causes the peripheral migration of leukocytes, mainly neutrophils, within the blood vessel, eventually adhering to the endothelium. This process is called leukocytic margination, and eventually they roll and migrate (transmigration) into the extravascular tissues. 

Increased vascular permeability (Robbins Pg 53-55)

The increased vascular permeability accounts for the leakage of exudate which is protein rich and contains neutrophils. The loss of protein decreases the osmotic pressure within the blood vessels, and increases it in the extravascular tissues. As we also have vasodilation – there is a net flow into the extravascular tissues of the exudate. This is what causes the swelling in the event of inflammation. 

Suggested mechanisms by which permeability of endothelium increases

· Formation of endothelial gaps in venules: The formation of endothelial gaps is chemically mediated by histamine, bradykinin (natural vasodilator), leukotrienes and substance P. Venules are most commonly targeted because they tend to have more receptors to the mediators than arterioles. Gaps originate between endothelial cells, due to break down of the junctions. This occurs as a result of endothelial cell contraction. Thus, the gap formation occurs as a result of receptor binding by the mediators. 
· Cytoskeletal reorganisation: This also produces gaps between the endothelial cells. This occurs as a result of cytokine mediators such as: IL-1, TNF, interferon-(. The cytoskeletal reorganisation of the endothelial cells, causes retraction of the cells from one another and therefore producing gaps. 
· Increased transcytosis: Sometimes the cell membrane has clusters of interconnected, vesicles and vacuoles. The number of such organelles is sometimes increased by mediators such as: vascular endothelial growth factor (VEGF). If the number and size of these channels are increased, then transcytosis is increased and vascular permeability is also increased. These channels are usually located near intercellular junctions. 
· Endothelial cell necrosis and detachment as a result of direct injury: When the endothelium is directly injured as a result of external stimuli, then we have a breakage in the endothelial lining, and leakage of substances is immediate and apparent. The only way this leakage is stopped is by the formation of clots to block off the damaged areas. 
· Leukocyte mediated endothelial injury: We know that leukocytes adhere to the endothelium and roll over, and are involved in diapedesis. What happens in this case, is the subsequent activation of leukocytes causes production of proteolytic enzymes and oxygen radicals which damage the endothelial lining, therefore causing a breakage. This causes leakage of substance into the extravascular tissues. 
· Leakage from new blood vessels: This is not a big factor but still is one. During angiogenesis (as described later in this series of notes) we have proliferation of new blood vessels. These new blood vessels are still leaky because they have not yet formed fully their endothelial junctions. Hence, permeability is increased. 
Cellular events: Leukocyte Extravasation and Phagocytosis (Robbins Pg 55)

Extravasation is the migration of leukocytes from the blood into the interstitial tissue and it can divided into major steps as summarised below:

· Lumen: margination, adhesion and rolling on the endothelium

· Transmigration across the endothelium (also known as diapedesis)

· Migration into the interstitial tissues and navigating to the injury site by way of chemotaxis

Lumen + Summary of migratory events (Robbins Pg 56-57)

Usually, when blood flows within a blood vessel, the red blood cells have the highest velocity and travel in the central column of blood. The peripheral column of blood contains mainly leukocytes, and even more so during inflammation when vascular permeability increases and protein is lost – therefore increase blood viscosity and decreased blood flow. This is called margination. Eventually, the slowing down of the leukocytes will result in firm adhesion to the endothelium and this is called rolling. When more and more leukocytes follow this pathway, we have  pavementing because the molecules are forming a pavement like appearance along the endothelial wall. Then the leukocytes form pseudopods and migrate between endothelial cells and intercellular junctions and lie between the basement membrane and the endothelial cells. Lastly the basement membrane is broken down by release of collagenases, and the leukocytes (mainly neutrophils) exit into the interstitial tissues towards the injury site. 

Adhesion and Transmigration (Robbins Pg 57)

Complementary adhesion molecules on the leukocyte and the endothelial cell modulate the adhesion and transmigration of leukocytes. There are four families of endothelial adhesion receptors and these are: selectins, immunoglobulins, integrins and mucin-like glycoproteins. 

Below is a summary of each of these family types:

· Selectins: E selectin (only found in endothelium), P-selectin (found in endothelium and platelets), L-selectin (found in leukocytes). 

· Immunoglobulins: includes two endothelial adhesion molecules: ICAM-1, and VCAM-1. These interact with integrins found on leukocytes. 

· Integrins: these are just transmembrane adhesive glycoproteins which have an alpha and beta chain, also function as receptors for ECM. 

How do these molecules cause adhesion of leukocytes to the endothelial lining?

· Adhesion molecules move to the cell surface: Basically what happens in this case is that there are receptors preformed in intracytoplasmic endothelial granules. When a stimulus is present, such as histamine, platelet activating factor or thrombin – these granules fuse with the endothelial cell surface and the receptor is exposed such that it can bind the leukocyte. This process is rather rapid and is a good way of causing leukocyte adhesion. 

· Production of adhesion molecules on endothelium: What happens in this case is that certain cytokine mediators such as: IL-1, TNF induce the production of such receptors to be expressed on the endothelial cell surface. This involves the synthesis of new receptors and is therefore not an immediate response. Also these cytokines may cause increase in expression of ICAM-1 and VCAM-1 which are already present in low numbers on the endothelial cell surface. 

· Increased avidity of binding: You can increase the avidity of binding between the cell and receptor. For example: LFA-1 (present on leukocytes) usually binds to ICAM-1 but this is usually of low affinity. If we can activate the leukocyte such that low affinity binding is converted to high affinity binding, then we can potentially increase the avidity of binding and therefore cause rolling faster. This activation of leukocyte is done by certain chemokines which are released as part of the chemotactic response. Notice that cytokine mediators increase the expression of ICAM-1 and VCAM-1 and therefore coupled with increased activation – we are going to have lots of LFA-1/ICAM-1 complexes which causes increased adhesion and rolling is more pronounced. 

Currently accepted theory for rolling, firm adhesion and transmigration. 

The steps involved here are summaried below:

· Endothelial activation: The release of cytokine mediators increases the expression of certain adhesion molecules such as: E-selectins, P-selectins. Also they increase expression of ICAM-1 and VCAM-1. 

· Rolling: This is the immediate interaction between the leukocyte and the carbohydrate ligands on the endothelial cell surface

· Firm adhesion: This is caused by the release of chemokines therefore augmenting the affinity status between the cell and the ligand. Certain chemokines are released, mainly TNF and IL-1 – and this transforms the affinity status from low to high therefore increasing the avidity of binding.

· Transmigration (diapedesis): This is mediated by interactions between ICAM-1 and leukocytes and endothelial cells. Diapedesis predominantly occurs in the venules, similar to increased permeability. 

After traversing the endothelium, the leukocytes are faced with the continuous endothelial basement membrane. This is degraded and damaged by the release of certain collagenases, and therefore the leukocytes move into the interstitial tissue. The movement is followed by repair of the basement membrane and the endothelial tight junctions. 

Chemotaxis

Chemotaxis is the process by which leukocytes emigrate in tissues towards the site of injury. This movement is due to the chemical gradient present. Exogenous and endogenous agents cause this migration due to chemical gradient. Some of the common endogenous agents are: complement system (particularly C5a), products of lipooxygenase pathway, leukotriene B4, and cytokines (ie.: IL-8). 

How does movement occur?

The chemotactic agents bind to their receptors present on leukocyte surface, and this activates the phospholipase C, leading to the hydrolysis of PIP2 to IP3 and DAG. This causes the release of Ca++, first from intracellular stores and then due to increased calcium ion influx. This influx acts on the contractile proteins and therefore contraction of these proteins causes cell movement. The leukocyte forms pseudopods at its front end, and this pulls the leukocyte along the interstitial tissue. The chemotactic factors can be varied from endogenous substances such as chemokines, and also bacterial products. The leukocyte responds to each substance one by one. 

Phagocytosis 

Phagocytosis involves the engulfing of the foreign substance and the subsequent death of the foreign organism and metabolism (breakdown) of this organism. Phagocytosis involves three interrelated steps which are: 

· Recognition and attachment: Opsonization is the process of coating the bacterial wall with opsonins, therefore increasing the efficiency of phagocytosis. The opsonins bind to specific receptors on leukocytes (particularly neutrophils) and therefore cause recognition. The major opsonins are: Fc fragment of immunoglobulin IgG; C3b, the opsonic fragment of complement C3; carbohydrate binding proteins of plasma called collectins. Their respect receptors on leukocyte walls are as follows: Fc(R recognises the Fc fragment of IgG; C3b binds to complement receptors 1, 2, 3; C1q receptors binds to the collectins. 

· Englufment: Once the opsonin particle such as Fc fragment of IgG binds to its receptor Fc(R ( then this triggers the engulfing. Engulfment involves the cell membrane of the phagocyte to envelope the foreign particle by forming pseudopods. Eventually both pseudopods fuse together. The lysosomes within the phagosome release digestive enzymes, which break down, the bacteria ingested. 

· Killing or Degradation: This is the last step in the phagocytosis process. The killing of bacteria is due to reactive oxygen species, which is toxic. Oxygen metabolites are generated due to the oxidation of NADPH, producing superoxide anion and this is later converted to H2O2. Neutrophils contain specific enzymes known as myeloperoxidase which converts H2O2 to HOCl. This is a good antimicrobial agent, and therefore kills off the bacteria. After the bacteria is killed, degradation is achieved by lysosomal hydrolases. 

Summary of the acute inflammatory response

In the event of an acute inflammatory response, there is a period of short vasoconstriction followed by a period of vasodilation. This causes increased blood flow, and therefore accounts for the heat and redness associated with the cardinal clinical signs of inflammation. Increased blood flow is followed by increased vascular permeability either by breakdown and separation of endothelial cells, or by direct physical injury to the endothelium. The increased permeability is mainly in the venules, and this could be because of increased concentrations of receptors to chemical mediators such as histamine, bradykinin, leukotrienes, and substance P. The increased permeability causes increased exudate, which is made of protein rich fluid and leukocytes (particularly neutrophils). Therefore these is a decrease in osmotic pressure in the blood, blood viscosity increases and blood flow begins to slow down. The peripheral areas contain most of the leukocytes and the central column of blood within a blood vessel contain mainly RBC’s. The leukocytes adhere to the endothelial wall by way of adhesion molecules, and then roll and finally firmly adhere to the endothelial cell surface. Transmigration follows, and this is when the leukocytes move in between the endothelial cells, and then degrade the basement membrane by secreting collagenases, and then migrate into the interstitial tissue. Once entering the interstitial tissues, they migrate to the site of injury by way of chemotaxis, which is simple defined as the locomotion as a result of a chemical gradient. The locomotion involves formation of pseudopods and migrating across the interstitial tissue. Phagocytosis is the last step which is made up of three smaller steps mainly: recognition and attachment, engulfment, and killing of the bacteria (mainly via reactive oxygen species). Sometimes the toxic metabolites may be released into the ECM and cause further tissue damage injury such that the inflammatory response becomes chronic in dealing with this damage. 

