Outline of Lecture 06 (09-04 PA; Pasternack)

Cellular Pathology I
Objectives:

1)  Illustrate the syllogism of pathology: etiology, pathogenesis, morphology, functional consequences

2)  Describe the process of ischemia and reperfusion injury

3)  Describe the process of necrosis

4)  Contrast necrosis with apoptosis

The Syllogism of Pathology
Etiology:  what initiates a process?

Pathogenesis:  what is its mechanism?

Morphology:  how is it recognized?

Functional Consequences:  how does it produce disease?
An example of this syllogism:  hemmorhagic interventricular septum


Etiology: 
Occluded coronary artery, ischemia of myocardium


Pathogenesis:
Free radical damage, necrosis, and weakening/rupture of septum


Morphology:
Signs of MI (gross and microscopic) and hole in septum


Func conseq: 
CV collapse and death

Note that there can be many etiologies of injuries, but on a cellular level they usually result in necrosis or apoptosis

Injuries may be reversible or irreversible, or lie within the spectrum between these two extremes

Etiology and Pathogenesis: Ischemia and Reperfusion Injury
Hypoxia is the reduction or absence of a normal oxygen supply to an organ.  This may result from ischemia.  Ischemia is the reduction or absence of blood supply to an organ or tissue.  Infarction is the death of a portion of tissue as a result of ischemia.  Infarction is the process.  An infarct is the end result of infarction.
Examples of blood flow disturbances


Fibrin thrombus: RBCs, WBCs, and fibrin (pink strands)


Lung edema: alveolar space filled by homogeneous eosinophilic material

Ischemia results in the following cellular changes:

- Mitochondrial damage/swelling in ischemia, which is irreversible after loss of cristae structure and ppt of Ca


- Cell membrane damage: blebs, myelin figures


- Ca causes accelerated lysophospholipid formation and xanthine oxidase activation


- Mechanism of ischemic damage: slide 22, 24
Tissues are not irreversibly damaged during ischemia; irreversible injury actually occurs after reperfusion.  The irreversible damage is a result of free radical formation by inflammatory cells, by intracellular enzymes (e.g. xanthine oxidase).  Free radicals can damage just about any biological compound and its deleterious effects are mitigated free radical scavengers.  See slide 27
Inflammation can result in edema and neutrophil plugging, which can cause impaired circulation and actually worsen ischemia.

Examples of reversible injury


Fatty liver


Isometric vacuolization of kidney tubules

Morphology:  Necrosis

Microscopic features of myocardial infarction

- Hypereosinophilia of the myocytes due loss of labile mRNA

- Loss of internal detail, particularly that of myocyte cross-striations


- Loss of nuclei

- Infiltration of polymorphonuclear leukocytes

- Hemorrhage, especially during the early phases.
Types of necrosis


- Coagulative: aka tombstoning, outline of dead cell remains but loss of internal detail (see MI example above)


- Liquifactive: damaged cells liquefy leaving no remains behind


- Caseous: cheesy gross appearance


- Fat: soapy appearance of necrotic adipose tissue

- Gangrenous: refers to a gangrenous limb that undergoes coagulative necrosis combined with liquefactive bacterial infection
Necrosis may be mistaken for autolysis, which is continued degradation of cells/tissue after removal from an organism without interruption of degradative processes by chemical treatment (fixation).
Examples of irreversible injury


Kidney infarct:  coagulative necrosis of glomeruli and tubules


Lung infarct:  hemorrhage, coagulative necrosis of alveolar walls


Leg gangrene:  coagulative necrosis of epidermis


Liver abscess: circular islands of liquefactive necrosis

Necrosis vs. apoptosis

Physiological stimuli lead to cell death via apoptosis.  One example is the effect of castration upon androgen-dependent tissues.  When androgen is absent, the prostate and seminal vesicles will involute via apoptosis.  Another example is thymic differentiation.
Apoptosis is a “clean” form of death, distinguished from necrosis in many ways, including nuclear condensation and fragmentation and lack of inflammation.
But, there are exceptions: e.g. chronic hypoxia can cause apoptosis in myocardium

Example of apoptosis


Follicular hyperplasia of lymph node: apoptosis of individual cells (normal)

