Outline of Lecture 09 (09-05 PA; Pasternack)

Cellular Pathology II

Conceptual setup

Disease is a process affecting the whole organism.  How do changes affecting molecules and cells affect tissues, organs, and the entire system?
Some disease processes are reversible.  Other disease processes are irreversible.  Many disease processes fall along a continuum between reversibility and irreversibility.

What Kinds of Cellular and Molecular Processes Can Potentially Cause Disease?

Intracellular accumulations of endogenous or exogenous substances

- Lipids:  fat may accumulate in the liver as fatty change (eg through increased fatty acid production or decreased loss)
- Proteins:  abnormal protein accumulation is often irreversible.  Huntingdin accumulation in Huntington’s Chorea is irreversible and leads to neuronal death.
- Glycogen:  glycogen storage diseases will be covered later
- Complex Lipids:  sphinglolipidoses and other lipid accumulations will be covered later
- Complex carbohydrates:  likelwise, mucopolysaccharidoses and other complex carbohydrate diseases will be metioned.

- Minerals: iron, as hemosiderin, or carbon, as anthracotic pigment

- Pigments: lipofuscin is a benign brown pigment of lipid origin that may accumulate with age, or melanin from melanomas, or bilirubin as in jaundice
Derangements of subcellular structure or function

See examples below

Alterations of proteins and nucleic acids

- Hereditary spherocytosis

A mutation in the ankyrin gene leads to destabilization of the red cell cytoskeleton, spectrin deficiency, increased red cell fragility, and hemolytic anemia.

- Muscular dystrophy
Duchenne’s muscular dystrophy is an X-linked recessive disorder that results in progressive muscle weakness, muscle atrophy, and death.  Becker’s muscular dystrophy is a milder form with variable penetrance.  Mutation in the dystrophin gene leads to the clinical syndrome of muscular dystrophy: a nonsense mutation with truncation yields Duchenne’s whereas missense mutations give rise to Becker’s.  Duchenne’s truncates the dystrophin molecule prematurely, rendering it unstable and non-functional.  Becker’s produces a molecule of normal size but impaired function.
- Marfan’s syndrome

Mutation in fibrillin alters fibroelastic properties and durability of fibroconnective tissue and walls of major blood vessels.
- Huntington’s Chorea

Huntington’s Chorea is an autosomal dominant disease that manifests in mid-life with progressive neurological deterioration over 15 to 20 years involving psychologic, cognitive, and motor functions.  In Huntington’s chorea, the HD protein, a ~350 kDa protein of unknown function, is altered by introduction of CAG repeats in the HD gene leading to accumulation of a junk protein in the nuclei of neurons (intranuclear inclusions).  The process is called polyglutamine repeat expansion and underlies other diseases as well.

Disturbances of growth and differentiation

- Atrophy: Cellular shrinkage due to a loss of substance

- Hypertrophy: increase in individual cell mass leading to an increase in organ mass.  It is usually reversible and occurs in response to a stimulus (e.g. cardiac hypertrophy due to hypertension and increased afterload).
- Hyperplasia is an increase in the number of cells in a tissue or organ.

- Metaplasia is the reversible replacement of one differentiated cell type by another differentiated cell type (e.g. at the cervical os)
Inflammation

Cachexia is the wasting associated with chronic diseases such as cancer, tuberculosis, or AIDS.  It is mediated in part by cytokines (eg TNF), but the mechanism is not yet clear.
