Cell Injury and Necrosis

1. Define the four aspects of a disease process

a. Etiology/Cause

i. Genetic

ii. Acquired

iii. Interaction of i. And ii.

b. Pathogenesis or developmental mechanism (how it came about…sequence of events)

c. Morphologic changes

i. How cells/tissues appear in a given disease process and these are usually used for purposes of diagnosis

d. Functional derangements and clinical significance

i. Nature of morphologic changes determine the clinical presentation, clinical course, and expected outcome of the disease

2. Explain mechanisms by which a cell achieves homeostasis

a. Protection by variety of systems

i. Cell membrane

ii. Phagocytosis

iii. Excretion of exogenous chemicals (bile, urine)

iv. Host defense mechanisms (inflammation, immune system)

v. Systems of repair (anti-oxidants, DNA-repair enzymes)

b. Cell may be able to adapt

i. Hypertrophy (increased workload)

ii. Atrophy (decreased workload)

3. Define cell injury and the sequential changes associated with it

a. Cell injury occurs when

i. Limits of adaptive capabilities exceeded

ii. Protective enzymes overwhelmed

b. Sequential changes

i. Cellular adaptation

ii. Cell death

iii. Temporary abnormality w/complete recovery

iv. Structural damage w/permanent impairment

v. DNA damage and mutation

4. Give 5 examples of etiology of cell injury

a. Metabolic

i. Oxygen, glucose, vitamin deficiency

b. Physical

i. Cold

ii. Heat

iii. Trauma

iv. Dusts (silica)

v. Electricity

c. Chemical agents and drugs

i. Tylenol

ii. Alcohol

iii. Narcotics

iv. Pollutants

d. Immunologic reactions

i. Allergies to substances

ii. Autoimmune diseases

e. Genetic

i. Chromosomal (trisomies)

ii. Gene-specific (cystic fibrosis)

f. Biologic

i. Bacteria

ii. Viruses

iii. Parasites

5. Using any example of cell injury, explain the sequence of events that take place when a cell is injured, including the target intracellular systems affected and the morphological changes culminating w/cell death.

a. Normal cell( Reversible changes ( Point of no return ( Irreversible changes

i. Reversible changes: dilatation of organelles, ribosome disaggregation, blebbing

ii. Point of no return: mitochondrial high amplitude swelling, mitochondrial matrix densities, violent blebbing

iii. Irreversible changes: membrane rupture, dispersal of organelles; breakdown of lysosomes; activation of inflammatory response

b. In some cases, the mechanism of action is very well defined: Cyanide inactivates cytochrome oxidase

c. Most agents cause damage by direct insult to one or more major organelle systems

i. Plasma membrane

1. when severe – dies

2. tears can be repaired

3. similar damage an also occur due to chemical agents, enzymes, poisons

ii. Smooth ER

1. target of toxic substances which are not directly toxic sub suffer metabolic activation by target cell

2. example; CCl4 converted to CCl3 which is a toxic free radical

iii. Nucleus/Nucleolus

1. usually cell death/occasionally mutation

2. example: may be cancer, some mushroom poisons, UV light, viruses

iv. Lysosomes

1. increased or incomplete autophagy

2. hereditary absence of an enzyme in primary lysosomes

3. failure of degradation of phagocytosed material

4. liberation and activation of lysosomal enzymes

v. Mitochondria

1. targets of any agent that impairs normal mitochondrial metabolic pathways – oxidative phosphorylation (result = energy efficiency)

d. It is now believed that the lack of oxygen (hypoxia or partially reduced oxygen free-radicals) plays a central and common role in most pathologic conditions

6. Using ‘ischemic injury’ as an example, compare and contrast reversible vs irreversible cell injury, including mechanism, morphology, and consequences

a. Ischemic injury: lack of blood flow, therefore lack of oxygenation

b. Reversible changes: occur when duration of ischaemia is short

i. Impaired aerobic respiration

ii. Decreased ATP (energy)

iii. Anaerobic glycolysis

iv. Glycogen depletion

v. Accumulation of lactic acid w/associated nuclear chromatin dumpng

Lack of ATP

(
Inability to keep cell membrane integrity

(
Na+ pump failure

(
Cellular swelling

(accumulation of lactate, Pi, Na+ in cell)

(
degranulation of RER

(polysomes ( monosomes)

(
lebs from @ cell surface and microvilli

(
myelin figures from plasma and organellar membane seen within/outside cell

(
mitochondria swollen

**If Oxygen restored, most of these changes could revert totally to normal**

c. Irreversible changes

i. Morphological view of point of no return 

1. vacuolization of mitrochondira

2. damage to plasma membrane

3. swelling of lysosomes

4. massive Calcium influx

Mitochondria unable to recover after re-oxygenation

(
Loss of phospholipids

(decreased synthesis and increased degradation)

(
damage to cytoskeleton

(effects of cell swelling and activation of proteases)

(
oxygen free radicals and lipid breakdown products kill the cell

ii. Upon re-oxygenation, influx of calcium into cell and mito w/inhibition of cellular enzymes, degradation of proteins and coagulation of cells

iii. After death, components degraded by inflammatory process

iv. Final breakdown product of dead cells include free fatty acids which attract calcium w/formation of soaps

7. Describe mechanisms involved in chemical injury

a. Directly

i. Affecting specific organelle or cellular component (mercury binds to sulfhydryl groups of cell membrane and proteins)

b. Metabolic Activation

i. Metabolic activation w/in cell (reactive toxic metabolites which usually are reactive free radicals)

CCl4 ( CCl3 (highly toxic metabolite)

(
CCl3 initiates lipid peroxidation & cell swelling

(
accumulation of lipid in cytoplasm especially ER

(due to inability of cells to synthesize lipoproteins necessary

for triglycerides to leave hepatic cell)

(
fatty liver poisoning of CCl4

8. Describe mechanisms involved in viral injury

a. Cytopathic effect

i. Cell killing due to rapid replication of virus w/in affected cell, interfering w/basic cellular functions

ii. Virus can affect cells by: 

1. interfering w/cellular cytoskeleton (imp on ciliated cells of respiratory epithelium), 

2. producing fusion of cells (multinucleation or syncytial giant cells), and

3. by producing inclusion bodies in nuclei or cytoplasm

9. List the morphological changes of cellular injury at ultrastructural level

a. Cellular swelling

b. Bleb formation

c. Myelin figures

d. Swelling of mitochondria

e. Accumulation of dense material in mitochondria

f. Dilatation of endoplasmic reticulum

g. Increase in lysosomes (autophagia)

h. **under routine microscopy, the most recognizable changed indicating reversible cellular injury consist of cellular swelling and fatty change

10. Define cell death, including the different morphological types and their significance.

a. Two types of morphological cell death

i. Apoptosis: falling off or selective removal of individuals w/out complete disruption of the rest of the tissue/organ.

1. Morphological characteristics:

a. cell shrinkage

b. nuclear chromatin condensation

c. fragmentation of nucleus (karyorrhectic nuclei seen in light/electron microscope as fragments of DNA)

d. fragmentation of cell into membrane bound bodies

e. apoptotic cells are seen singly or in small clusters

f. cell becomes small bag of cytosol and organelles and get quickly phagocytosed and extruded

2. Apoptotic cell is recognized by phagocytes however no inflammatory reaction appears to occur

3. Responsible for programmed cell death physiologically and pathologically; it plays a role in

a. Embryogenesis

b. Hormone-dependent involution (menstrual cycle: endometrium, breast: weaning)

c. In cell deletion

d. In proliferating populations of labile cells such as intestinal crypt epithelium or in tumors

e. In deletion of autoreactive T cell in the thymus or cell death by cytotoxic T cells

4. Mechanism of apoptosis

a. Initial trigger

b. ( intracellular protease activity and/or ( intracellular Calcium 

c. intracellular degradation w/endonuclease-mediated fragmentation of nuclear chromatin and cytoskeleton breakdown

d. End Result: development of apoptotic bodies w/ligands for phagocytic cell receptors and eventual phagocytosis

5. Various stimuli responsible for presence/absence of apoptosis

a. Hormones

b. Growth factors

c. Radiation

d. Toxins

e. Free radicals

ii. Necrosis: results from severely disturbed extracellular environmental conditions; necrotic cells are usually found in contiguous sheets and often associated w/a striking acute inflammatory reaction

1. Morphological changes

a. Cell swelling

b. Hydropic change (cloudy cell swelling)

c. Cytoplasm becomes ill defined, coarse chromatin pattern, loss of nuclear staining or karyolysis)

11. List and describe the different types of necrosis, including their appearance and common etiology

a. Coagulative necrosis: (most common)

i. Cell is literally coagulated/clotted

ii. Proteins denatured (not only structural, but those also necessary for degradation as such; histologically opaque, acidophilic mass

iii. Nucleus disappears

iv. Occurs in conditions of ischaemia

v. Such areas of coagulative necrosis are removed by phagocytosis and enzymatic destruction by inflammatory cells

b. Liquefaction necrosis

i. Tissue that dies and becomes liquid and runs off

ii. Powerful hydrolytic enzymes play a predominant role over protein denaturation

iii. Occurs classically in brain tissue and bacterial infections

c. Fat necrosis

i. Occurs in adipose tissue due to release of lipases from dead cells

ii. Example: Acute pancreatitis

1. lipases act on triglycerides to generate free fatty acids

2. free fatty acids react w/Calcium and produce soaps

3. macroscopically: ‘chalk-cheesy’ nodules in fat surrounding pancreas or in abdominal cavity

4. microscopically: dead fat cells, inflammatory cells & phagocytes filled w/fat

d. Caseous necrosis

i. Combination of coagulative and liquefactive necrosis

ii. Macroscopically cheesy-milk appearance

iii. Characteristic of TB

e. Gangrenous necrosis

i. Combination of ischaemic coagulative necrosis (usually a limb) w/superimposed infection (wet gangrene)

12. Using an example, define and contrast normal and abnormal cellular accumulations

a. A cell may accumulate normal cellular components in excess b/c either the metabolism is inadequate or overwhelmed

b. A cell may accumulate an abnormal substance b/c the cell lacks the enzyme required or is unable to transport it

c. A cell may accumulate pigment b/c it’s unable to digest or tansport it

13. Define and contrast the five most important cellular adaptation mechanisms using clinically relevant examples

a. Atrophy: decrease in size and function of cell

i. Causes

1. ( workload

2. ( blood supply

3. loss of innervation

4. interruption of trophic signal

5. aging

6. atrophy of thyroid following pituitary resection

7. atrophy of brain in aging

b. Hypertrophy: ( in size of the cell accompanied by an augmented functional capacity

i. Causes

1. ( functional demand (e.g. myocardial hypertrophy in hypertension; muscle hypertrophy in athletes)

2. physiologic (hormonal) hypertrophy (e.g. sex organs at puberty)

c. Hyperplasia: ( in number of cells in an organ or tissue

i. Causes

1. ( functional demand (e.g. ( RBC’s in high altitde)

2. hormonal stimulation (e.g. endometrium in early phase of menstrual cycle)

3. persistent cell injury (e.g. skin in calluses)

d. Metaplasia: conversion of one differentiated cell type to another

i. E.g. conversion of bronchial ciliated columnar epithelium to squamous epithelium in smokers

ii. Although protective mechanism, there may be a loss of function

e. Dysplasia: alteration in size, shape, and organization of the cellular components of a tissue

i. Features

1. variation of shape and size of cells

2. enlargement, irregularity and hyperchromatism of the nuclei

3. disordered arrangement of the cell

ii. Significance

1. dysplasia is a preneoplastic lesion (e.g. dysplasia in bronchial epithelium, dysplasia in cervical epithelium)

