Pathology – Lecture 2 – Necrosis

There are two main types of cellular death, each having different morphological significance. Morphology refers to the structural aspects of a cell, organ or body part. Thus when discussing morphological changes we are in effect talking about how the tissue changes according to the types of processes occurring: necrosis or apoptosis. 

Necrosis (Companion Pg 1)

Necrosis is the most common form of cell death. This describes the process of cell death due to an external stimuli. Necrosis occurs as a consequence to irreversible cellular injury, leading to cell death. Necrosis is always associated with an inflammatory process so we can expect cells such as: neutrophils, macrophages to be present when observing under the microscope. 

Apoptosis (Companion Pg 1)

A simple definition of apoptosis can be given as: “programmed cell death”. There are instances when certain cells are needed only for a short period of time and then they are regarded as useless or detrimental to the process involved. Thus they indulge themselves in a suicide program, causing minimal injury to surrounding tissue. 

Reversible vs. Irreversible Injury (Companion Pg 1)

To understand the concept of cell death we need to under the concepts of reversible and irreversible injury. Reversible injury is when a particular pathological change can be reversed such that it returns back to its original normal state. For example: cardiac muscle suffering from ischaemia for short periods of time causes reversible injury to cardiac muscle cells so that ATP production is sustained via anaerobic respiration. But, if ischaemia is prolonged then it will lead to irreversible injury – where the pathological change is permanent and will lead to cell death

Key points: Reversible ( the pathological change can be reversed to its original state either by treatment of the symptoms or by removing the external stimuli causing the injury in the first place. Irreversible ( the pathological change has advanced to a stage and is permanent and will lead to cell death. 

Different types of cell injury

There are ranges of ways in which a cell can experience injury and these are summarised in Robbins (6th ed) Pp  5-15. 

Morphological changes during reversible cell injury (Robbins 15)

There are two main morphological changes that occur as a result of reversible injury. The most obvious is cellular swelling. This can be picked up by high power microscopy where small segments of the ER is pinched off leaving vacuoles in the cytoplasm. This is known as vacuolar degeneration. 

The other main change seen are fatty deposits, and this is more common among cells that perform fat metabolism. This is seen as fat droplets within the cytoplasm. 

Morphological changes during irreversible cell injury (Companion 9)

Irreversible cell injury is seen due to severe mitochondrial vacuolization, degradation of plasma membrane, lysosomal damage, and amorphous densities appearing in the mitochondria. Injury to lysosomal vesicular membranes leads to digestive enzymes secreted into the cytoplasm and this is detrimental to the cell. Thus irreversible cell injury can be picked up by testing for such enzymes being released into the cytoplasm and eventually leaving the cell due to more permeable plasma membrane caused by the damage. Thus, serum levels of particular enzymes can be measured to diagnose any injury to a particular tissue type. 

Necrosis (Robbins 15 – 16)

Necrosis refers to the range of morphologic changes that occurs after cell death, as a result of action of enzymes that progressively degrade the injured cell. The most type of necrosis is coagulative where cytoplasmic organelles breakdown, proteins denature and cell swelling occurs. The morphologic changes occurring in necrosis are as a result of denaturation of proteins, and the action of digestive enzymes. 

Morphology of Necrosis (Robbins 16) 

· Increased eosinophilia as a result of decreased basophilia due to decrease RNA in nucleus, and also binding of eosin to the intracytoplasmic proteins. 

· The digestive action of enzymes may show breakdown of membrane walls, and organelles especially the ER

· EM shows aggregations within the cytoplasm, possibly that of denatured proteins and also shows dilated mitochondria due to vacuoles developing within them. 

· Nuclear changes can be one of three and all are non-specific:

· Karyolysis: basophilia of chromatin fades affecting Dnase activity

· Pyknosis: nucleus shrinks and increased basophilia

· Karyorrhexis: pyknotic nucleus undergoes fragmentation

Once necrotic cells have undergone the above changes they follow certain patterns, with coagulative necrosis being the most common pattern. 

Different types of necrosis (Robbins 16 – 19) 

Coagulative necrosis

This is the most common type of necrosis and occurs in almost all organs. This implies the preservation of the cellular outline of the dead cell for some days. The tissue affected is firm in texture, and the injury or the increasing intracellular acidosis is probably denaturing the structural proteins and enzymatic proteins. For example: a myocardial infarct presents coagulative necrosis. Acidophilic, coagulated and anucleated cells may persist for days or even weeks. Eventually, white cells invade the area of damage and remove the dead cells, and also proteolytic lysosomal enzymes are active. 

Caused by viral infections, physical injury (heat, cold, ionising, radiation), ischaemia and toxins

Liquefactive necrosis

The often occurs as a result of bacterial or fungal infections. Liquefactive necrosis involves the complete breakdown and digestion of the dead cells, leaving the dead tissue as a viscous liquefied material. If the process has been initiated by acute inflammation, then this liquifaction material is called pus – the accumulation of dead material. 

Caused by suppuration (formation of pus), abcesses, enzymes. 

Caseous necrosis

Caseous necrosis is a form of coagulative necrosis, and the name arises from the white cheesy appearance of the dead tissue. This type of necrosis is commonly seen in TB patients. The tissue architecture is completely obliterated, and the necrotic focus is agranular, contains coagulative cells and all of this is enclosed within a distinct inflammatory border known as granulomatous reaction. 

Caused by tuberculosis infection. 

Gangrenous necrosis 

This is usually associated with the lower limb, where blood supply to tissue has been severely affected. This causes coagulative necrosis, and with a distinct black colour due to deposition of iron sulphide from breakdown of haemoglobin. When infection of the gangrenous area occurs, liquefactive necrosis also occurs (formation of pus) - it is known as “wet gangrene” and presents a very foul odour. 

Caused by ischaemia (a type of coagulative necrosis), bacterial infections (particular Chlostrida spp). 

Fibrinoid necrosis

This is associated with smooth muscle necrosis surround arterioles and other vessels. This causes fibrin deposits and other plasma protein to be deposited. Fibrin is easily identified in light microscopy due to the eosinophilic appearance. 

Caused by injuries to blood vessels. 

Fat necrosis

Occurs in acute pancreatitis. This is when the pancreatic lipase enzyme escapes the acinus and ducts and is released into the pancreatic tissue. This act on fat cell membranes and liquefy them, and the lipases split the triglyceride esters and release FA. The released FA combines with calcium to produce white chalky appearance (fat saponification). This enables the surgeon to identify the lesion easily. 

Caused by direct mechanical injury, inflammation of the pancreas (acute pancreatitis). 

Clinical Correlations (Internet notes) 

Necrosis of a tissue type will cause release of enzymes into the plasma and eventually into the bloodstream. This is because the plasma membrane is affected and there is increased permeability and enzymes can leak out into the extracellular areas. Depending on the type of tissue involved, detecting certain enzymes can be a useful method of detecting damage to particular types of tissue. 

Here are some examples:

· Myocardial Infarction: creatine kinase (CCK), aspartate aminotransferase (AST), lactic dehydrogenase (LDH). 

· Hepatitides: aminotransferases, alkaline phosphatase, gamma – glutamyl transferase. 

Apoptosis (Companion 1)

This is the programmed cell death of cells, with minimal damage to surrounding tissue. 

Controlling factors (Internet Notes) 
There are inhibitors and stimulants for apoptosis. These are covered briefly below: 

· Inhibitors: growth factors, cell matrix, sex steroids, and viral proteins

· Inducers: growth factor withdrawal, glucocorticoids, viruses, free radicals, ionising radiation, Fas ligand, and DND damage. 

