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CELL PATHOLOGY I

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

1. Outline the different patterns of injury that may result and discuss how these patterns can be related to each other

2. List the various causes of cell injury

3. Describe the mechanism(s) of injury related to each of these causes

THE NORMAL CELL


The cell is the basic structural and functional unit of tissues and organs. The two major cell types are epithelial cells, which cover surfaces and connective tissue cells that provide support (fibroblasts, cartilage and bone cells) or have specialized functions such as contractility (muscle cells) and conduction (nerve cells).


Although the different cells of the body possess features that readily distinguish them from one another, all display a similar basic structure.

· THE CELL MEMBRANE/PLASMA MEMBRANE
This is an extremely important structure forming the interface between the cell and the extracellular environment. Its main functions are:

· Cell Recognition: membrane antigens allow the body to recognize its own cells and tolerate them; other cells are attacked by the immune system.

· Receptor Function: compounds that interact with the cell such as chemical mediators, hormones and drugs do so at specific points called receptors. 

· Cell Adhesion: the adherence of cells of a similar type is vital for the maintenance of the architecture of tissues and organs; this is facilitated by adhesion molecules i.e. glycoproteins that are distributed in the cell membrane
· Transfer Function: substances are transported across the membrane by different mechanisms e.g. passive diffusion or active transfer involving the expenditure of energy (e.g. the sodium pump). 

· Cell Movement: the cell surface is in constant movement; projections from the cell surface such as cilia (respiratory epithelium) also assist in movement.

· THE NUCLEUS
The nucleus is bounded by the nuclear envelope and contains:


· DNA: the genetic material of the cell that carries the information necessary for the production of essential proteins and lifelong functioning of an organism. 
· RNA: the principal component of the nucleolus and the ribosome, necessary for translation of the genetic information contained in the DNA into proteins.
· THE CYTOPLASM

The cytoplasm is composed largely of water, as well as about 8% of protein and high concentrations of potassium, magnesium and phosphate. The osmotic pressure within the cells is similar to that of the extracellular fluid. Numerous structures are present in the cytoplasm. Some are membrane bound and are called organelles, and others are filamentous or in the form of granules. 

· Mitochondria: organelles of energy production; products of carbohydrate, fat and protein metabolism are oxidized to produce energy.
· Rough endoplasmic reticulum: series of membranes studded with ribosomes that are the site of protein production.
· Smooth endoplasmic reticulum: series of membranes without attached ribosomes that function in steroid, carbohydrate and drug metabolism.

· Golgi apparatus: series of flattened sacs and vesicles that functions in the modification and packaging of material synthesized in the RER 
· Lysosomes: organelles containing a range of lytic enzymes that are involved in the digestion of unwanted extrinsic as well intrinsic material.
· Cytoskeletal system: system of filaments and microtubules provides rigidity, as well as allows for movement within the cell (e.g. excretion of material) and locomotion.
· THE BASEMENT MEMBRANE 

This membrane anchors epithelial/endothelial cells to the underlying connective tissue and acts as a barrier. It is composed of various layers:

· The basal lamina (electron-dense zone)

· The lamina lucida and the lamina rara (less dense zones on either side) 
· The external reticular lamina (collagen, fibroblasts and elastic fibers)
· THE EXTRACELLULAR MATRIX
· This is formed by ground substance in which are embedded connective tissue cells and fibers. 

· The ground substance contains glycoproteins and proteoglycans 

· Extracellular fibers include collagen, reticulin and elastic fibers, which provide support and tensile strength.

· COMMUNICATION BETWEEN CELLS 

· This is vital for coordinating complex activities such as growth, adaptation and other responses to both intrinsic and extrinsic stimuli. 
· There are numerous chemical messengers that facilitate this process including various classes of growth factors and immune modulators. 
CELL INJURY

· A disease can be defined as any deviation from or interruption of the normal structure or function of any part, organ or system of the body that is often manifested by a characteristic set of symptoms and signs
· Cells are the basic structural and functional unit of tissues and organs, and as such all forms of organ injury start with structural and/or functional changes in the cells. 
· The understanding of cellular responses to injury is critical for the understanding of pathologic processes as well as other aspects of disease. 
· As a cell encounters any injurious stimulus a variety of outcomes/patterns may result as now outlined:

 PATTERNS OF CELL INJURY

1. ADAPTATION 

· A new but altered steady state is achieved and the viability of the cell is preserved.

· The principal adaptive responses are: 

· Hypertrophy = an increase in cell size

· Hyperplasia = an increase in the number of cells

· Atrophy = a decrease in cell size and function

· Metaplasia = conversion of one differentiated cell type to another

· Hypertrophy and hyperplasia are the usual types of responses to increased functional demand or external stimulation ; atrophy often results if there is reduced supply of nutrients or growth factors; metaplasia can allow cells to survive a changed environment such as altered pH. 

[NB. Another lecture in this module will cover adaptive responses in detail}
· If the limits of an adaptive response are exceeded, or in cases in which adaptation is not possible, cell injury results. 

2. REVERSIBLE INJURY 
· At this stage, the cell can resume a normal state if the injurious stimulus is removed. The morphologic (gross and microscopic) changes seen are:

· Cellular swelling
· Fatty change
3. IRREVERSIBLE INJURY AND CELL DEATH
· The damage to the cell cannot be reversed (the cell has reached a “point of no return”) and death of the cell results. The morphologic changes seen are:
· Necrosis
· Apoptosis
4. SUBCELLULAR ALTERATIONS

In some forms of injury (mostly chronic and persistent), alterations involve only cellular organelles versus the cell as a unit.

5. INTRACELLULAR ACCUMULATION
This results from derangements in cell metabolism or excess storage.

THE TYPE OF CELLULAR RESPONSE THAT OCCURS DEPENDS ON THE: 

· Type of injury

· Duration of the stimulus

· Severity of the stimulus

· Type/adaptability of the cell affected 

For example:
· A brief period of ischaemia (reduction in oxygen supply) can result in reversible cell injury,       

      while longer or more severe ischaemic insults may result in irreversible injury/necrosis
· Skeletal muscle can tolerate longer intervals of ischaemic injury than cardiac muscle 

PATTERNS OF CELL INJURY
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CAUSES OF CELL INJURY

· There is a broad range of stimuli that can cause cell injury, and consequently disease. The main causes of cell injury are:

1. Genetic defects

2. Hypoxia (oxygen deficiency)

3. Chemical agents

4. Infectious agents 

5. Physical agents

6. Immunologic reactions

7. Nutritional imbalances

1. GENETIC DEFECTS
Genetic defects i.e. inherited abnormalities in one or more genes may lead to the formation of abnormal proteins or a reduction in the output of gene products, which in turn may result in cell injury or abnormalities of the extracellular matrix. The main proteins and molecules affected are:

· Enzymes: deficiencies of degradative enzymes can produce storage disorders such as glycogen storage disorders.

· Receptors and transport systems: defective transport system for Cl- ions in cystic fibrosis leads to serious cell injury in the lungs and pancreas.

· Non-enzyme proteins: defects in the haemoglobin molecule result in the haemoglobinopathies including sickle cell disease in which the abnormal protein results in a deformed red cell and defective oxygen transport

Genetic defects can be the principal cause of cell injury and disease as with the examples given but genetic abnormalities may also interact with other stimuli to cause disease. In fact many important human diseases result from this combination of genetic and environmental factors including most cancers, diabetes and chronic stomach ulcers.

2. HYPOXIA
Hypoxia (oxygen deficiency) is a very important cause of cell injury. It may result from: 

· Loss of blood supply (= ischaemia) e.g. blocked blood vessel

· Inadequate oxygenation of the blood e.g. respiratory failure

· Loss of the oxygen-carrying capacity of the blood e.g. in anemia

 NB. Hypoxia may be the mechanism underlying a variety of causes of cell injur.
MECHANISM OF INJURY IN HYPOXIA
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3. CHEMICAL AGENTS AND DRUGS
· Included in this category is a long list of compounds including poisons, environmental pollutants, most drugs including narcotics, as well as alcohol. 

· Even innocuous substances such as glucose and salt, in high concentrations, can derange the osmotic environment resulting in cell injury.

MECHANISMS OF INJURY:

i) Direct injury: compounds such as mercury and some drugs act by combining directly with a critical molecular component or cellular organelle.

ii) Injury after modification: conversion to reactive metabolites is the other major mechanism. The formation of free radicals, which can induce cellular damage, is an important product of such metabolic pathways.

· FREE RADICAL MEDIATED INJURY
· Free radicals are chemical species with a single unpaired electron in an outer orbital. These compounds are extremely unstable and when generated in cells, they attack and degrade nucleic acids and various proteins.

· The free radicals are three partially reduced species intermediate between O2 and H2O: superoxide (O2-), hydrogen peroxide (H2O2) and the hydroxyl radical (OH-)

·  Like hypoxia, the generation of free radicals is a common mechanism to a variety of causes of cell injury:
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4. INFECTIOUS AGENTS
A variety of agents—bacteria, viruses, fungi and parasites—can produce a wide spectrum of disease states.

MECHANISMS OF INJURY:

i) Direct cell injury

ii)The release of toxins 

iii)The induction of immune-mediated responses (see “Immunologic reactions” below)
5. PHYSICAL AGENTS
Mechanical trauma, electric shock, radiation and extremes of temperature can all produce varying degrees of cell injury mainly through direct cell injury, but hypoxia and/or generation of free radicals may also be involved

6. IMMUNOLOGIC REACTIONS
· The body’s immune system is designed to defend it against damaging external agents e.g. infectious agents. These immune responses can cause cell and tissue injury in the process of trying to remove the external agent. 

· Additionally, in certain diseases (so called auto-immune diseases), the immune response is directed at the body’s own tissues and organs. 

· Mechanisms of injury involve direct damage by cells of the immune system (e.g. lymphocytes) or their products (e.g .chemical mediators and antibodies)

7. NUTRITIONAL IMBALANCES
Deficiencies of proteins, essential vitamins and minerals, as well as excesses of nutritional products such as lipids can all cause cell injury and disease.
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