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CELL PATHOLOGY II

LECTURE OBJECTIVES
At the end of the lecture the student should be able to:

1. Describe the morphology (structural alterations) seen in the various patterns of cell injury (reversible injury, irreversible injury, subcellular alterations and intracellular accumulations).

2. Outline the changes that can occur in the extracellular matrix in disease.

3. Define pathologic calcification and differentiate between the two main types.

THE MORPHOLOGY OF CELL INJURY

· REVERSIBLE INJURY

The two patterns of morphologic changes of reversible cell injury are cellular swelling and fatty change.

· Cellular Swelling

· The first manifestation of most forms of cell injury

· Occurs when cells are unable to maintain ionic and fluid homeostasis

· Small clear vacuoles can be seen within affected cells — this is called hydropic change or vacuolar degeneration
· Changes can be reversed with cessation of the injurious stimulus

· Fatty Change

· Any abnormal accumulation of triglycerides within cells

· Occurs when any of the steps of triglyceride metabolism is interrupted

· Common triggers are alcohol ((mitochondrial and SER function), protein malnutrition ((synthesis of apoproteins), hypoxia ((fatty acid oxidation) and starvation (( mobilization of fatty acids from peripheral stores)

· Organs commonly affected are the liver, heart, kidney and skeletal muscle

· Grossly, organs increase in weight and appear yellow and greasy

· Small fat vacuoles can be seen in affected cells — these can coalesce to form larger vacuoles that displace the nucleus to the periphery

· As with cellular swelling, this form of cell injury can be reversed with cessation of the inciting stimulus.

· IRREVERSIBLE INJURY

I. NECROSIS

Necrosis is the more common pattern of morphologic changes seen after cell death and is usually related to cell injury/death caused by external agents e.g. chemicals, hypoxia, and infectious agents. These changes occur as a result of:

1. Enzymatic digestion of the cell (intracellular and extracellular enzymes)
2. Denaturation of proteins

These changes take hours to be seen with the light microscope, but ultrastructural changes can be seen with the electron microscope within minutes. The main features seen with the light microscope involving individual cells are:

· Increased eosinophilia (pink staining) of the cytoplasm

· Karyolysis — basophilia (blue staining) of the chromatin fades

· Pyknosis — shrinkage and increased basophilia of the nucleus

· Karyorrhexis — the pyknotic nucleus fragments

Once the dead cells have undergone these changes, the mass of necrotic tissue can exhibit different patterns:

· Coagulative Necrosis
· In this pattern there is preservation of the basic structural outline of the necrotic cells for an extended period—can be up to days.

· Presumably enzymatic digestion is delayed as protein denaturation, including that of intracellular enzymes, supercedes.

· This pattern of necrosis is characteristic of death following hypoxia, e.g. death of heart muscle in a “heart attack”. The major exception is hypoxic injury to the brain that produces liquefactive necrosis as described below.

· Liquefactive Necrosis
· This pattern is characterized by complete digestion of necrotic cells 

· Can result in a cavity filled with necrotic debris and inflammatory cells (an abscess).

· This pattern is characteristic of bacterial infections that stimulate a marked influx of neutrophils. These cells contain powerful digestive enzymes.

· This pattern can also be seen following hypoxic injury to the brain.

· Caseous Necrosis
· This distinctive form of necrosis is most often assoc. with tuberculous infection

· “Caseous” refers to the cheesy, white gross appearance of the central necrotic zones.
· Microscopically the necrotic focus is composed of structureless, amorphous debris surrounded by a circumscribed collection of macrophages. These collections of macrophages, inclusive of giant cell forms are known as granulomas.

II. APOPTOSIS

Apoptosis is a distinctive form of cell death involving single cells or small clusters of cells; it is also called “programmed” cell death or cell “suicide”.

The basic mechanism involves the activation of a coordinated set of enzymes or an enzyme cascade, which in turn is controlled by specific genes. Genes have been identified that can either upregulate or block apoptosis.

Apoptosis is responsible for cell death in physiologic as well as pathologic processes:

· Physiologic processes:
· Embryogenesis, organogenesis and developmental involution

· Development of immune system e.g. deletion of autoreactive T cells in the thymus

· Hormone-dependent physiologic involution e.g. the lactating breast after weaning

· Maintenance of tissues with constant cell turnover e.g. epithelial surfaces

· Pathologic processes:
· Cell death in proliferating populations such as tumours

· Hormone-dependent pathologic atrophy e.g. prostate atrophy following castration
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· SUBCELLULAR ALTERATIONS

In some forms of injury, alterations involve only cellular organelles vs. the cell as a unit:

· Cytoskeletal Abnormalities. These can result in:

· Defects in cell function including cell locomotion and defective degradation of extrinsic organisms (e.g. in certain diseases of the immune system where such defects in white blood cells decrease the ability to mount an immune response).

· Mitochondrial Alterations
· In certain inherited muscle diseases defects in mitochondrial metabolism are associated with increased numbers of large mitochondria.

· Lysosomal Abnormalities
· In the lysosomal storage disorders, for example, deficiencies of enzymes result in the accumulation of intermediate metabolites in the lysosomes.

· INTRACELLULAR ACCUMULATIONS

Intracellular accumulations can occur transiently or permanently, and can cause varying degrees of injury. These accumulations can occur when:

1)  A normal endogenous substance is produced at a normal or increased rate, but the rate    

     of metabolism is inadequate to remove it or it cannot be metabolized e.g. genetic 

     enzymatic defect 

2)  An abnormal exogenous substance is deposited and accumulates because the cell 

     cannot degrade the substance or transport it to other sites.

A variety of substances can accumulate within cells and lead to cell injury in some cases:

· Triglycerides (see fatty change)

· Cholesterol and Cholesterol Esters
· Macrophages can phagocytose lipid debris and become filled with small vesicles; these are called foam cells.

· In certain diseases of the blood vessels, foam cells can collect in the walls of the vessels forming plaques which can eventually block the vessel 
· In certain hereditary syndromes, these foam cells accumulate in the skin and tendons; these accumulations are called xanthomas.

· Glycogen: in the glycogen storage disorders or the glycogenoses, genetic defects result in glycogen accumulation.

· Pigments: 

· Aggregates of carbon dust from the air can blacken the lungs 
· Overload of iron can result in accumulation of pigments formed from its metabolism 
· Lipofuscin (“wear and tear” pigment): brownish-yellow pigment that accumulates in various tissues as a function of age
 PATHOLOGIC  CALCIFICATION
Pathologic calcification is a common process that occurs in a variety of disease states. Calcium salts are deposited, along with smaller amounts of iron, magnesium and other minerals. There are two main forms:

· Dystrophic Calcification
· Calcium deposition occurs in dead or dying tissues.
· Occurs with normal serum calcium levels; contributes to organ dysfunction
· The deposits appear as fine white granules or clumps

· Metastatic Calcification
· Occurs in normal tissues when levels of serum calcium rise as can occur with certain tumours

· The morphological appearances are identical to those of dystrophic calcification.

CHANGES IN THE EXTRACELLULAR MATRIX IN DISEASE

· Genetic Defects
· These inherited defects can result in excess accumulation of ground substance leading to organ dysfunction e.g. in the heart 
· Reaction to Injury
· The ground substance can undergo enzymatic alteration making it “watery”; this favours the influx of inflammatory cells that can then remove the inciting agent. 
· A very common finding in many tissues and organs following cell injury is the increased deposition of collagen fibres (fibrosis). This is an important step in healing.
· Hyaline change 

· This refers to an alteration within cells (intracellular hyaline) or the extracellular space (extracellular hyaline) that gives a homogenous, glassy, pink appearance microscopically. 

· It can be produced by a variety of substances. Examples of extracellular hyaline are deposits of collagen and amyloid.

· Amyloidosis 

· Amyloid is an abnormal proteinaceous substance that is deposited between cells in many organs of the body in certain diseases. Organs are enlarged and firm. 

· Amyloid appears microscopically as hyaline material, but amyloid is not a single chemical entity—different biochemical forms exist

·  In some diseases, the deposition is systemic; in other diseases, the deposition is localized. 
NB. The following links can provide you with additional information and images for this topic.

(To access these pages hold down “Ctrl” key and click on the desired link while online.)
http://members.tripod.com/~LouCaru/oncopathology.html



http://www-medlib.med.utah.edu/WebPath/GENERAL.html
http://www.angelfire.com/md/danil/celldeath/id19.htm
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