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I.	SECTION A:  CELLULAR INJURY AND DEATH



A.	Definition and Causes of Cellular Injury and Death:



1.	7 general causes of cellular injury:



a)	hypoxia:  oxygen deficiency;  it is an extremely important and common cause of cell injury.

(1)	Causes:

(a)	ischemia:  loss of blood supply which occurs when arterial flow is impeded by arteriosclerosis or by thrombi.  It is the most common cause.

(b)	Cardiorespiratory failure:  inadequate oxygenation of the blood.

(c)	Loss of the O2-carrying capacity of the blood:  ie. Anemia, CO poisoning.



b)	Physical agents:  mechanical trauma, extremes of temperature, sudden changes in atmospheric pressure, radiation, electric shock, etc.



c)	Chemical agents and drugs:

d)	Infectious agents:

e)	immunologic reactions:

f)	genetic derangements:

g)	nutritional imbalances:	(pg. 3-4)



2.	there are 4 intracellular systems that are particularly vulnerable to injury:



a)	maintenance of the integrity of the cell membranes:

b)	aerobic respiration:

c)	synthesis of enzymatic and structural proteins:

d)	preservation of the integrity of the genetic apparatus of the cell:



3.	Three characteristics of the injury determine the outcome in the injured cell:  the type of injury, its duration, and its severity.



4.	Three characteristics of the cell influence the outcome of the injury:  the type, state (ie. hormonal, nutritional status), and adaptability of the injured cell.	(pg. 4)



5.	Reversible hypoxic cell injury:  



a)	the first point of attack is the cells aerobic respiration:  as the oxygen tension in the cell decreases, there is loss of oxidative phosphorylation by mitochondria.



(1)	Increased rate of anaerobic glycolysis:  decreased  cellular ATP and increased AMP stimulate phosphofructokinase and phosphorylase activities.

(a)	this increased glycolysis is designed to maintain the cells energy sources by generating ATP from glycogen.

(i)	Glycogen is thus rapidly depleted.

(b)	Glycolysis results in the accumulation of lactic acid and inorganic phosphates from the hydrolysis of phosphate esters.

(i)	This reduces  the intracellular pH.



(2)	ATP is also generated anaerobically from creatine phosphate, through the action of the enzyme creatine kinase.



(3)	clumping of nuclear chromatin occurs during this early period and is caused by ( pH.



b)	Acute cellular swelling (edema):  one of the earliest events in ischemic injury.  It is primarily caused by ATP depletion.

(1)	Failure of  active transport causes sodium to accumulate  intracellularly with diffusion of potassium out of the cell.

(a)	The net gain in solute is accompanied by an isosmotic gain of water, cell swelling, and dilation of the endoplasmic reticulum.

(2)	A 2nd mechanism for cell swelling in ischemia is the increased intracellular osmotic load from the accumulation of catabolites such as Pi, lactate, and purine nucleosides. 



c)	The next phenomenon to occur is detachment of ribosomes from the granular endoplasmic reticulum and dissociation of polysomes into monosomes.

(1)	Probably caused by the disruption of the energy dependent interactions between the membranes of the E.R. and its ribosomes.



d)	If hypoxia continues, other alterations take place and are caused by the increased membrane permeability and diminished mitochondrial function.

(1)	Blebs may form at the cells surface (see fig 1-5, pg. 7).

(2)	cells may begin to lose their microvilli.

(3)	Myelin figures may be seen in the cytoplasm or extracellulary:  they are thought to result from dissociation of lipoproteins with unmasking of phosphatide groups, promoting the intercalation of water between the lamellar stacks of membranes.



(4)	Mitochondria are usually swollen:  owing to loss of volume control.

(5)	The E.R. is dilated:

(6)	the entire cell is swollen:  (Na, (Cl, (H2O, and (K.	(pg. 6-7)



e)	Up to a certain point, all of these disturbances are reversible if oxygenation is restored.  



6.	Irreversible hypoxic cell injury:  if ischemia persists, irreversible injury ensues.  There is no universally accepted biochemical explanation for the transition from reversible injury to cell death.



a)	It is associated morphologically with severe vacuolization of the mitochondria including their cristae, extensive damage to the plasma membrane, and swelling of lysosomes.



b)	Large, flocculent, amorphous densities develop in the mitochondrial matrix.

c)	Massive influx of Ca+2 into the cell then occurs, particularly if the ischemic zone is reperfused.

d)	There is continued loss of proteins, enzymes, coenzymes, and ribonucleic acids from the hyperpermeable membrane.

(1)	The cells may also leak metabolites, which are vital for the reconstitution of ATP.



e)	At this stage, injury to the lysosomal membranes occurs, followed by the leakage of their enzymes into the cytoplasm and activation of their acid hydrolases.

(1)	Activation of lysosomal enzymes leads to enzymatic digestion of cell components.

(a)	Loss of ribonucleoprotein, deoxyribonucleoprotein, glycogen, and various other nuclear changes occurs.



f)	Following cell death, cell components are progressively degraded and there is widespread leakage of molecules in and out of the cell.

(1)	Finally, the dead cell may become replaced by large masses composed of phospholipids in the form of myelin figures.

(a)	They are then either phagocytosed by other cells or degraded further into fatty acids.

(i)	Calcification of such fatty acids may occur forming calcium soaps.



(2)	Cell death may be detected clinically in the serum:  leakage of intracellular enzymes across the abnormally permeable plasma membrane, and into the serum, provides important clinical parameters of cell death.

(a)	For example (don’t memorize this):  Cardiac muscle contains  glutamic-oxaloacetic transaminase (GOT), pyruvic acid transaminases, lactic dehydrogenase (LDH), and creatine kinase (CK).

(i)	Elevated levels of such enzymes and particularly the isoenzymes specific for heart muscle (ie. CK-MB), are valuable clinical criteria for myocardial infarction.	(pg. 7-9)





g)	Two critical events for lethal hypoxic injury:  2 phenomena consistently characterize irreversibility.



(1)	The inability to reverse mitochondrial dysfunction on reperfusion or reoxygenation.

(2)	The development of profound disturbances in membrane function.	(pg. 9)



h)	ATP depletion clearly contributes to the functional and structural consequences of ischemia.

(1)	ATP depletion contributes to the disturbances in membrane function (see above).



i)	Four biochemical mechanisms contribute to cell membrane damage:



(1)	progressive loss of phospholipids:  

(a)	increased cytoplasmic Ca+2, as well as other factors,  activate phospholipases.

(b)	Phospholipid loss can also be due to decreased synthesis, which is ATP dependent.



(2)	Cytoskeletal abnormalities:

(a)	activation of proteases by increased cytosolic calcium may cause damage to the cytoskeleton.

(i)	In the presence of cell swelling, this damage results in detachment of the cell membrane from the cytoskeleton.



(3)	Reactive O2 species:  these free radicals are normally at very low concentrations during ischemia.

(a)	reperfusion injury:  there is an increase in free radical production on restoration of blood flow.



(4)	Lipid breakdown products:  

(a)	unesterified free fatty acids, acyl carnitine, and lysophospholipids are catabolic products that are known to accumulate in ischemic cells as a result of phospholipid degradation.

(b)	They have a detergent effect on membranes.

(c)	They can insert or exchange into the lipid bilayer causing changes in permeability and electrophysiologic alterations.	(pg. 9-10)



7.	Free Radicals:  chemical species that have a single unpaired electron in an outer orbital.



a)	Enzymatic metabolism of exogenous chemicals can produce free radicals:

(1)	Ie. �EMBED Unknown����EMBED Unknown��� is produced from CCl4.



b)	Most biologically relevant free radicals are centered around 3 atoms:  oxygen, carbon, or nitrogen.



c)	Three Oxygen-derived free radicals:

(1)	Superoxide:  it is generated either directly during auto-oxidation in mitochondria or enzymatically by cytoplasmic enzymes such as xanthine oxidase, cytochrome P-450, and other oxidasaes.



�EMBED Unknown���



(a)	Once produced, O2- can be inactivated either spontaneously or, more rapidly, by the enzyme superoxide dismutase (SOD), forming H2O2.



�EMBED Unknown���



(2)	Hydrogen peroxide:  is produced either by the dismutation of superoxide (see above) or directly by oxidases present in peroxisomes.



(3)	Hydroxyl radicals:  generated by 3 mechanisms.

(a)	Hydrolysis of water caused by ionizing radiation:

�EMBED Unknown���



(b)	interaction with transitional metals (iron, copper) in the Fenton reaction:

�EMBED Unknown���



(c)	the Haber-Weiss reaction:

�EMBED Unknown���



d)	Lipid peroxidation of membranes:  free radicals in the presence of oxygen may cause peroxidation of lipids within plasma and organellar membranes:

(1)	the double bonds of unsaturated fatty acids are vulnerable to attack by oxygen-derived free radicals.	(pg. 11)

(a)	The lipid-radical interactions yield peroxides, which are themselves reactive species, initiating the subsequent reduction of another fatty acid.

(i)	An autocatalytic chain reaction ensues (propagation), resulting in extensive membrane, organellar, and cellular damage.     (pg. 12)



e)	Two natural mechanisms for inactivation of free radicals:



(1)	Endogenous or exogenous antioxidants:  inactivate or block the initiation of free radicals.

(a)	Examples:  vitamin E, sulfhydryl-containing compounds (cysteine, glutathione), and serum proteins (albumin, ceruloplasmin, transferrin)



(2)	Enzymes:

(a)	Superoxide dismutase:  converts superoxide to H2O2.

(b)	Catalase:  decomposes H2O2.

(c)	Glutathione peroxidase:  allows reduced glutathione (GSH) to release H from -SH to a hydroxyl radical or to H2O2.



8.	Chemical injury:  chemicals induce cell injury by two mechanisms.



a)	Some chemicals can act directly by combining with some critical molecular component or cellular organelle (mostly water soluble chemicals).

(1)	The greatest damage is usually to the cells that use, absorb, excrete, or concentrate the chemicals.

(2)	Examples:  mercuric chloride, cyanide.



b)	Most chemicals must be converted to reactive toxic metabolites, which then act on target cells:

(1)	the most important mechanism of membrane injury involves formation of reactive free radicals.



(2)	P-450 mixed function oxidase:  enzyme system that is critical in the metabolism of toxins.

(a)	This enzyme is involved in the pathogenesis of 2 models of chemical injury in the liver:  carbon tetrachloride and acetaminophen.



(3)	Carbon tetrachloride:  is converted by P-450 to the highly reactive toxic free radical CCl(3  �EMBED Unknown���



(4)	CCl(3 initiates lipid peroxidation, resulting in the formation of new radicals (see above).  This reaction is autocatalytic and CCl4 induced liver cell damage is severe and extremely rapid.



(5)	Cellular organelles involved in CCl4 induced cell damage:

(a)	endoplasmic reticulum, ribosomes, and mitochondria.  (13-14)



B.	MORPHOLOGY OF CELL INJURY AND NECROSIS:



1.	Reversible injuries:  2 patterns can be recognized under the light microscope:  cellular swelling and fatty change.



a)	Four ultrastructural changes of reversible cell injury:

(1)	plasma membrane alterations:  blebbing, blunting, distortion of microvilli, creation of myelin figures, and loosening of intracellular attatchments.

(2)	Mitochondrial changes:  swelling, refraction, and the appearance of small phospholipid-rich amorphous densities.

(3)	Dilation of the endoplasmic reticulum, with detatchment of polysomes.

(4)	Nucleolar alterations, with disaggregation of granular and fibrillar elements.



b)	Cellular Swelling:  it is the first manifestation of almost all forms of injury to cells.  It is reversible.

(1)	Hydropic change (vacuolar degeneration):  if water continues to accumulate within cells, small clear vaccuoles appear within the cytoplasm.

(a)	These vacuoles represent distended and pinched-off or sequestered segments of the endoplasmic reticulum (E.R.).



2.	Necrosis:  one of the 2 morphological expressions of cell death (the other being apoptosis).  It refers to a spectrum of morphological changes that follow cell death in living tissue and largely results from the progressive degradative action of enzymes on the lethally injured cell.



a)	Two concurrent processes bring about the changes of necrosis:

(1)	enzymatic digestion of the cell (liquefactive necrosis).

(2)	Denaturation of proteins (coagulative necrosis).	(pg. 15)



b)	Morphological changes, under light microscopy, that indicate necrosis:  

(1)	necrotic cells show increased eosinophilia:  

(a)	due to loss of normal basophilia imparted by the RNA in the cytoplasm 

(b)	also to the increased binding of eosin to denatured intracytoplasmic proteins.



(2)	The cell may have a more glassy homogenous appearance than that of normal cells:

(a)	mainly caused by loss of glycogen particles.



(3)	Following enzymatic digestion of cytoplasmic granules, the cytoplasm becomes vacuolated and appears moth-eaten.

(4)	Finally, calcification of the dead cells may occur.	(pg. 15)



c)	Five kinds of necrosis:

(1)	Coagulative necrosis:  

(a)	implies preservation of the basic outline of the coagulated cell for a span of at least some days.

(i)	Presumably, the injury (or increasing intracellular acidosis caused by the injury) denatures not only structural proteins but also enzymatic proteins and thus blocks the proteolysis of the cell.



(b)	The process of coagualtive necrosis is characteristic of hypoxic death of cells in all tissues save the brain.

(i)	The myocardial infarct is a prime example.



(2)	Liquefactive necrosis:  resulting from autolysis or heterolysis.

(a)	Mainly characteristic of focal bacterial infections because bacteria constitute powerful stimuli to the accumulation of white cells.

(b)	Hypoxic death of cells in the Central Nervous System often evokes liquefactive necrosis.



(3)	Gangrenous necrosis:  it does not really represent a distinct pattern of cell death, but the term is still commonly used in surgical clinical practice.

(a)	It is usually applied to a limb, especially the lower leg, which has lost its blood supply and has undergone coagulation necrosis.

(b)	When bacterial infection is superimposed, coagulation necrosis is modified by the liquefactive action of the attracted white blood cells.  (pg. 16)



(4)	Caseous necrosis:  a distinctive form of coagulative necrosis, encountered most often in foci of tuberculous infection.

(a)	The term caseous is derived from the gross appearance (white and cheesy) of the area of necrosis.

(b)	Histologically, the necrotic focus appears as amorphous granular debris seemingly composed of fragmented, coagulated cells enclosed within a distinctive inflammatory border known as a granulomatous reaction.



(5)	Enzymatic fat necrosis:  does not denote a specific pattern of necrosis.

(a)	It is descriptive of focal areas of destruction of fat resulting from abdominal release of activated  pancreatic lipases into the substance of the pancreas and the peritoneal cavity.

(i)	This occurs in the abdominal emergency known as “acute pancreatic necrosis”.	(pg. 17)



C.	SUBCELLULAR ALTERATIONS IN CELL INJURY:



1.	Lysosomes are involved in the breakdown of phagocytosed material in one of two ways:



a)	Heterophagy:  

(1)	materials from the external environment are taken up through the process of endocytosis. 



(2)	Fusion of the phagocytotic vacuole with a lysosome then occurs, with eventual digestion of the engulfed material.	(pg 21-22)



(3)	Heterophagy is most common in “professional” phagocytes such as neutrophils and macrophages.



b)	Autophagy:  

(1)	intracellular organelles and portions of cytosol are first sequestered from the cytoplasm in an autophagic vaccuole formed from ribosome free regions of the RER.

(2)	The autophagic vaccuole then fuses with pre-existing primary lysosomes or golgi elements to form an autophagolysosome.

(3)	Autophagy is a common phenomenon involved in the removal of damaged organelles during cell injury.



2.	Hypertophy (induction) of smooth Endoplasmic Reticulum (sER):  this is responsible for tolerance, in which patients adapt to a drug so that the same dose of the drug has less and less effect.

a)	For example, barbiturates are detoxified in the liver by oxidative demethylation, which involves the P-450 system found in the sER.  

(1)	The barbiturates stimulate (induce)  the synthesis of more enzymes as well as more sER.

(2)	In this manner the cell is better able to detoxify the drugs and so adapt to its altered environment.	(pg. 22)



3.	The Cytoskeleton:  has 4 components.

a)	Microtubules, thin actin filaments, thick myosin filaments, and various classes of intermediate filaments.

(1)	Functioning myofilaments and microtubules are essential for various stages of leukocyte migration and phagocytosis.



b)	Diseases of the cytoskeleton:

(1)	Chediak-Higashi syndrome:  

(a)	a defect of microtubule polymerization causes delayed or decreased fusion of lysosomes with phagosomes in leukocytes and thus impairs phagocytosis of bacteria.



(2)	Mallory body (“alcohol hyalin”):  it is an eosinophilic intracytoplasmic inclusion in liver cells that is characteristic of alcoholic liver disease but is also seen in many other conditions.

(a)	The inclusions are made up of intermediate filaments.



(3)	Neurofibrillary tangle:  found in the brain in Aldzheimer’s disease.

(a)	It contains microtubule associated proteins and neurofilaments, a reflection of a disrupted neuronal cytoskeleton.	(pg. 23-24)



D.	INTRACELLULAR ACCUMULATIONS:  abnormal accumulations of abnormal amounts of various substances.



1.	Three general processes result in abnormal accumulations:



a)	A normal endogenous substance is produced at a normal or increased rate, but the rate of metabolism is inadequate to remove it.

b)	A normal or abnormal endogenous substance accumulates because it cannot be metabolized or is deposited intracellularly in an amorphous or filamentous form.	(pg. 24)

c)	An abnormal exogenous substance is deposited and accumulates because the cell has neither the enzymatic machinery to degrade the substance nor the ability to transport it to other sites. 



2.	Fatty change:  describes the abnormal accumulation of triglycerides within parenchymal cells.

a)	Often seen in the liver, because it is involved in fat metabolism.



b)	Fatty liver:  by far the most common cause of significant fat change in the liver is alcohol abuse.

(1)	Alcohol is a hepatotoxin that alters mitochondrial and microsomal functions.

(a)	It produces several deficiencies in fat metabolism.  (pg. 25)



c)	Fatty change is most often seen in the liver and in the heart.



d)	The significance of fatty change depends on the cause and severity of the accumulation.

(1)	severe fatty change may impair cellular function.



3.	Fatty ingrowth:  the accumulation of lipids within stromal connective tissue cells.

a)	Most commonly seen in the heart and pancreas, where adult adipose cells appear within the connective tissue stroma.

(1)	Stromal infiltration of fat rarely affects cardiac or pancreatic function. (pg. 26-27)



4.	Intracellular Accumulations:



a)	Proteins:  excess of proteins, within the cells, sufficient to cause morphologically visible accumulations are less common than accumulations of lipids.  Examples:



(1)	Reabsorption droplets in proximal renal tubules:

(a)	seen in renal diseases associated with proteinuria.

(2)	Immunoglobulins in cells:  can occur in cells actively producing antibodies.

(3)	Alpha1-antitrypsin (AAT) in liver cells.  (pg. 27)



b)	Glycogen:  excessive intracellular deposits of glycogen are seen in patients with an abnormality in either glucose or glycogen metabolism.  The glycogen masses appear as clear vaccuoles.



(1)	Diabetes Mellitus:  glycogen is found in cells of the proximal convoluted tubules and sometimes in the descending loop of Henle as well as within liver cells, beta cells of the islets of langerhans, and heart muscle cells.

(2)	Glycogen storage diseases:  massive stockpiling of glycogen causes secondary injury and cell death.



c)	Pigments:  some are normal constituents of cells, whereas others are abnormal and collect in cells only under special circumstances.



(1)	Carbon or coal dust is the most common exogenous pigment.

(a)	Anthracosis:  accumulation of this pigment in the lung and other tissues.

(i)	It normally does not affect pulmonary function but, in coal miners and people living in heavily polluted areas, accumulation of this substance can cause a serious lung disease known as coal worker’s pneumoconiosis.  (28)



(2)	Five endogenous pigments: 



(a)	lipofuscin:  it is the telltale sign of free radical injury and lipid peroxidation.

(i)	It literally means “brown lipid”.

(b)	Melanin:  the only endogenous brown-black pigment.



(c)	Hemosiderin:  hemoglobin derived;  golden-yellow to brown colored.

(d)	Bilirubin:  hemoglobin derived;  green-brown to black.



d)	Hemosiderin:  it is a hemoglobin-derived, golden-yellow to brown, granular or crystalline pigment.

(1)	This is the form iron takes when it is stored in cells.

(2)	Iron  can be visualized in tissues by the Prussian blue histo-chemical reactions.



(3)	Hemosiderosis:  deposition of hemosiderin in organs or tissues.  The best example of localized hemosiderosis  is the common bruise.  



(a)	It is seen whenever there is a systemic overload of iron.  In most cases of systemic hemosiderosis, the pigment does not damage the parenchymal cells or impair organ function.



(b)	Four mechansisms that produce hemosiderosis:

(i)	increased absorption of dietary iron

(ii)	impaired utilization of iron.

(iii)	Hemolytic anemias.

(iv)	Transfusions:  the transfused cells represent an exogenous load of iron.  (28-29)



(c)	Unlike, hematochromatosis, hemosiderosis does not normally effect organ function.



(4)	Hematochromatosis:  a more extreme accumulation of iron.

(a)	It is associated with liver and pancreatic damage, resulting in liver fibrosis, heart failure, and diabetes mellitus.



e)	Jaundice:  a common clinical disorder due to excesses of bilirubin within cells and tissues.

(1)	It may be identified in the patient by yellow pigmentation of the skin or (in more subtle cases) the sclerae.  (29)



E.	PATHOLOGIC CALCIFICATION AND HYALINE CARTILAGE:



1.	There are 2 forms of pathological calcification:



a)	dystrophic calcification:  the abnormal deposition of calcium salts in nonviable or dying tissues.

(1)	It occurs despite normal serum levels of calcium and in the absence of derangements in calcium metabolism.



(2)	It is encountered in areas of necrosis.  Calcification is almost inevitable in the atheromas of atherosclerosis.  It also commonly develops in aging or damaged heart valves.

(3)	Although dystrophic calcification may be simply a telltale sign of previous cell injury, it is often  a cause of organ dysfunction.  (30-31)



b)	Metastatic calcification:  the deposition of calcium salts in vital tissues.

(1)	It almost always reflects some derangement in calcium metabolism. 

(2)	Metastatic calcification principally affects the interstitial tissues of the blood vessels, kidneys, lungs, and gastric mucosa.

(3)	It can occur in normal tissues whenever there is hypercalcemia.

(4)	The mineral deposits generally do not cause any clinical dysfunction.   (31)



2.	hyaline change:  it usually refers to an alteration within cells or in the extracellular space, which gives a homogenous, glassy, pink appearance in routine histological sections stained with hematoxylin and eosin.

a)	Intracellular accumulations of protein are examples of intracellular hyaline deposits.



b)	Extracellular hyaline:  

(1)	in long standing diabetes mellitus and hypertension, the walls of arterioles (especially in the kidneys) become hyalinized because of extravasated plasma protein and deposition of basement membrane material.



II.	SECTION B:  CELLULAR GROWTH AND DIFFERENTIATION



A.	GENERAL:



1.	Repair of tissues involves 2 distinct processes:



a)	regeneration:  the replacement of injured cells by cells of the same type, sometimes leaving no residual trace of the previous injury.



b)	Fibroplasia (replacement by connective tissue):  it leaves a permanent scar.  (35)



B.	CONTROL OF CELL GROWTH:



1.	The cells of the bodies are divided into 3 groups on the basis of their proliferative capacity and their relationship to the cell cycle:



a)	Labile cells:  continuously dividing cells.  They follow the cell cycle from one mitosis to the next and continue to proliferate throughout life, replacing cells that are continuously being destroyed.

(1)	Tissues that contain labile cells include:

(a)	surface epithelia, such as stratified squamous surfaces of the skin, oral cavity, vagina, and cervix 

(b)	the lining mucosa of all the excretory ducts of the glands of the body (ie. Salivary glands, pancreas, biliary tract)  

(c)	the columnar epithelium of the gastrointestinal tract and uterus  

(d)	the transitional epithelium of the urinary tract and cells of the bone marrow and hematopoietic tissues.



b)	Stable (quiescent) cells:  normally demonstrate a low level of replication.  However, these cells can undergo rapid division in response to stimuli and are thus capable of reconstituting the tissue of origin (e.g. regeneration of the liver).

(1)	They are considered to be in the G0 stage but can be stimulated into G1.



(2)	In this category are: 

(a)	the parenchymal cells of virtually all the glandular organs of the body (liver, kidneys, and pancreas)

(b)	mesenchymal cells, such as fibroblasts and smooth muscle

(c)	vascular endothelial cells.  (36)



c)	Permanent (nondividing) cells:  they have left the cell cycle and cannot undergo mitotic division in postnatal life.

(1)	Tissues that belong to this group:

(a)	Neurons:  neurons destroyed in the CNS are permanently lost.

(b)	Skeletal and cardiac muscle cells:  



2.	Five important groups of growth factors:

a)	Epidermal growth factor (EGF)/ transforming growth factor-alpha (TGF-():

b)	Platelet-derived growth factor (PDGF):

c)	Fibroblast growth factors (FGFs)

d)	TGF-( and related growth factors

e)	Cytokines:  (51)



C.	CELLULAR ADAPTATIONS:



1.	Hyperplasia:  an increase in the number of cells in an organ or tissue, which may then have increased volume.

a)	Physiological hyperplasia:

(1)	hormonal hyperplasia:  e.g.  proliferation of the glandular epithelium of the female breast at puberty and during pregnancy.

(2)	Compensatory hyperplasia:  e.g.  the hyperplasia that occurs when a portion of the liver is removed.

b)	Pathological hyperplasia:  most forms of pathologic hyperplasia are instances of excessive hormonal stimulation or are the effects of growth factors on target cells.  (44-45)

(1)	An example of hormonally induced hyperplasia is hyperplasia of the endometrium.



2.	Hypertrophy:  an increase in the size of cells and, with such change, an increase in the size of the organ.



3.	Atrophy:  the shrinkage in the size of the cell by loss of cell substance.



a)	Six causes of atrophy:

(1)	Decreased workload

(2)	Loss of innervation

(3)	Diminished blood supply

(4)	Inadequate nutrition   (47)

(5)	Loss of endocrine stimulation

(6)	Aging



4.	Metaplasia: irreversible change in which one adult cell type (epithelial or mesenchymal) is replaced by another adult cell type.

a)	The most common adaptive metaplasia is columnar to squamous, as occurs in the respiratory tract in response to chronic irritation.



b)	The influences that predispose tissues to metaplasia, if persistent, may induce cancer transformation in metaplastic epithelium.

(1)	Thus, the common form of cancer in the respiratory tract is composed of squamous cells.  (48)



III.	SECTION C:  INFLAMMATION AND REPAIR



A.	INFLAMMATION:



1.	Introduction and Acute Inflammation:



a)	the inflammatory process is characterized by the reaction of blood vessels, leading to the accumulation of fluid and leukocytes in extravascular tissues. 

(1)	the inflammatory response is closely related to the process of repair:

(a)	inflammation serves to destroy, dilute, or wall off the injurious agent, but it, in turn, sets into motion a series of events that, as far as possible,  heal and reconstitute the damaged tissue.

(b)	Repair begins during the early phases of inflammation but reaches completion usually after the injurious influence has been neutralized.  (51)



b)	Acute inflammation:  it is of relatively short duration, lasting for minutes, several hours, or a few days, and its main characteristics are the exudation of fluid and plasma proteins (edema) and the emigration of leukocytes, predominantly neutrophils.  (52)



(1)	Three major components of acute inflammation:

(a)	alterations in vascular caliber that lead to an increase in blood flow.

(b)	Structural changes in the microvasculature that permit the plasma proteins and leukocytes to leave the circulation.

(c)	Emigration of the leukocytes from the microcirculation and their accumulation in the focus of injury.  (53)



c)	Chronic inflammation:  it is of longer duration and is associated histologically with the presence of lymphocytes and macrophages and with the proliferation of blood vessels and connective tissues.



d)	Five local clinical signs of inflammation:  redness, swelling, heat, pain, and loss of function.  (52)



e)	Exudation:  the escape of fluid, proteins, and blood cells from the vascular system into the interstitial tissue or body cavities.

(1)	An exudate is an inflammatory extravascular fluid that has a high protein concentration, much cellular debris, and a specific gravity above 1.020.

(2)	it implies significant alteration in the normal permeability of small blood vessels in the area of injury.



f)	Transudate:  a fluid with low protein content (most of which is albumin) and a specific gravity of less than 1.012.

(1)	it is essentially an ultrafiltrate of blood plasma and results from hydrostatic imbalance across the vascular endothelium.

(2)	In this situation, the permeability of the endothelium is normal.



g)	Edema:  denotes the excess of fluid in the interstitial or serous cavities.

(1)	It can be either an exudate or a transudate.



h)	Pus:  an inflammatory exudate rich in leukocytes (mostly neutrophils) and parenchymal cell debris.  (53)



2.	Vascular events in acute inflammation:  changes in vascular flow and caliber begin very early after injury.  The changes occur in the following order:



a)	vasodilation occurs following an inconsistent and transient vasoconstriction of arterioles that lasts a few seconds.

(1)	The vasoconstriction involves arterioles and results in the opening of new capillary beds in the area.

(2)	This increase in blood flow is the cause of heat and redness.  (53)



b)	Slowing of the circulation follows the vasodilation.

(1)	This is brought about by increased permeability of the microvasculature, with the outpouring of protein rich-fluid into the extravascular tissues.

(a)	This results in concentration of red cells in small vessels and increased viscosity of the blood reflected by the presence of stasis.

(i)	Stasis:  the presence of dilated small vessels packed with red cells.



c)	Leukocyte margination:  as stasis develops you begin to see this peripheral orientation of leukocytes (mainly neutrophils) along the vascular endothelium.

(1)	Leukocytes then stick to the endothelium and eventually migrate through the vascular wall into the interstitial tissue.



d)	Five mechanisms of increased vascular permeability in inflammation:



(1)	Endothelial cell contraction:  leads to the formation of widened intercellular junctions or intercellular gaps.

(a)	This is by far the most common mechanism and is elicited by histamine, bradykinin, leukotrienes, and many other classes of chemical mediators.

(b)	This type of vascular leakage occurs rapidly after exposure to the mediator and is usually reversible and short-lived.  It is thus known as the immediate transient response.

(c)	Classically, this type of leakage affects only venules, leaving capillaries and arterioles unaffected.  (55)



(2)	Cytoskeletal and junctional reorganization (endothelial retraction):  an apparently different mechanism of reversible intercellular leakage.

(a)	Cytokines (IL-1, TNF, IFN-() cause a structural reorganization of the cytoskeleton, such that endothelial cells retract from one another along their junctions, leading to endothelial discontinuities.

(i)	In contrast to the histamine effect, the response is somewhat delayed (4-6 hrs.) and long lived (24 hrs.)



(3)	Direct endothelial injury, resulting in endothelial cell necrosis and detachment:  

(a)	it usually encountered in necrotizing injuries and is due to direct damage to the endothelium by the injurious stimulus (severe burns, lytic bacterial infections).

(i)	Usually, leakage starts immediately after injury and is sustained at a high level for several hours until the damaged vessels are thrombosed or repaired.

(ii)	The reaction is known as the immediate sustained response.

a.	All levels of microcirculation are affected (venules ,capillaries, and arterioles).

(b)	Endothelial cell detachment is often associated with platelet adhesion and thrombosis.



(c)	Delayed prolonged leakage:  a curious but relatively common type of increased permeability that begins after a delay of 2 to 12 hours, lasts for several hours or even days, and involves venules as well as capillaries.

(i)	Such leakage is caused, for example, by mild to moderate thermal injury, X- or ultraviolet radiation, and certain bacterial toxins.

(ii)	The late-appearing sunburn is a good example.



(4)	Leukocyte-mediated endothelial injury:  leukocytes adhere to endothelium reltatively early in inflammation.

(a)	Leukocytes may be activated in the process, releasing toxic oxygen species and proteolytic enzymes.

(i)	This causes endothelial injury or detachment, resulting in increased permeability.



(5)	Leakage from regenerating capillaries:

(a)	During repair, endothelial cells proliferate and form new blood vessels (angiogenesis).

(i)	These capillary sprouts remain leaky until the endothelial cells differentiate and form intercellular junctions.

a.	This accounts for the edema that is characteristic of healing inflammation.  (56)



3.	Cellular events in acute inflammation:



a)	The sequence of events in the extravasation of leukocytes into the interstitial space:



(1)	In the lumen:  margination, rolling, and adhesion:  

(a)	margination:  white cells fall out of the central column of blood flow and assume a peripheral position along the endothelial surface.

(i)	This process is caused by the low and slow blood circulation early in inflammation.

(b)	Rolling:  individual and then rows of leukocytes tumble slowly along the endothelium and adhere transiently.

(c)	Adhesion:  the leukocytes finally come to rest at some point where they adhere firmly.



(2)	Diapedesis:  transmigration across the endothelium.

(a)	Following firm adhesion, leukocytes insert pseudopods into junctions between the endothelial cells, squeeze through interendothelial junctions, and assume a position between the endothelial cell and the basement membrane.

(b)	Eventually they traverse the basement membrane and escape into the extravascular space.



(3)	Migration in interstitial tissues toward a chemotactic stimulus:  (57)



b)	Three Molecular families of adhesion molecules:  the selectins, the immunoglobulins, and the integrins.

(1)	Leukocyte adhesion and transmigration are determined by the binding of complementary adhesion molecules on the leukocyte and endothelial surfaces.

(a)	Chemoattractants modulate the surface expression or avidity of such adhesion molecules.  (57)



c)	Mechanisms of increased adhesiveness of leukocytes in inflammation:



(1)	Redistribution of adhesion molecules to the cell surface:

(a)	this process occurs within minutes in flowing blood and serves to deliver preformed adhesion molecules in short order to the surface.



(2)	Induction of adhesion molecules on endothelium:  some inflammatory mediators, and particularly cytokines (IL-1, TNF), induce the synthesis and surface expression of endothelial adhesion molecules.

(a)	This process requires protein synthesis and begins usually after a delay of some 1 or 2 hours.



(3)	Increased avidity of binding:  this mechanism is most relevant to the binding of integrins.  (58)



d)	in the acute inflammation response, neutrophils predominate during the first 6-24 hrs., and then are replaced by monocytes in 24-48 hrs.



(1)	Two mechanisms explain the early predominance of neutrophils:

(a)	the activation of different adhesion molecule pairs and of chemotactic factors in different phases of inflammation favors neutrophils during the early phase.

(b)	The short-lived neutophils predominate and disappear after 24-48 hrs.



(2)	Exceptions to the pattern of neutrophilic predominance:

(a)	in certain infections (those produced by Psuedomonas organisms) neutrophils predominate over 2-4 days.

(b)	In viral infections, lymphocytes may be the first cells to arrive.

(c)	In some hypersensitivity reactions, eosinophilic granulocytes may be the main cell type.  (59)



e)	Chemotaxis:  locomotion oriented along a chemical gradient.



(1)	The most common exogenous chemoattractants are bacterial products.



(2)	Three endogenous chemical mediators can act as chemoattractants:

(a)	components of the complement system:  particularly C5a

(b)	products of the lipoxygenase pathway:  mainly leukotriene B4 (LTB4)

(c)	cytokines:  particularly those of the IL-8 family.



(3)	Mechanism of Leukocyte recognition and locomotion:

(a)	Receptor-ligand binding:  binding of chemotactic agents to specific receptors on the cell membranes of leukocytes results in activation of phospholipase C.

(b)	Phospholipase C activation:  results in hydrolysis of PIP2 to IP3 and DAG.

(i)	IP3 production results in increased intracellular Ca+2.

(c)	Increased Ca+2 and DAG activate protein kinase C resulting in chemotaxis, elaboration of arachidonic acid metabolites, secretion, and degranulation.  See Fig. 3-11 (61)  (60-61)



f)	Phagocytosis:  involves 3 distinct but interrelated steps.

(1)	Recognition and attatchment:  most microorganisms are not recognized until they are coated by naturally occuring factors called opsonins, which bind to specific receptors on the leukocytes.

(a)	Two major classes of opsonins:

(i)	The Fc fragment of IgG:   it is recognized by the Fc(R receptor on leukocytes.

(ii)	C3b:  the opsonin fragment of C3.  It is recognized by complement receptors(CR1, 2, 3)



(2)	Engulfment:  

(a)	Binding of the opsonized particle to the Fc(R is sufficient to trigger engulfment, which is markedly enhanced in the presence of CRs.

(b)	Binding to the C3 receptors alone requires activation of such receptors before engulfment occurs.

(i)	Activation is accomplished by simultaneous binding to extracellular fibronectin and laminin or by certain cytokines.



(c)	During engulfment, extensions of the cytoplasm (pseudopods) flow around the object to be engulfed, eventually resulting in complete enclosure of the particle within a phagosome created by the cytoplasmic membrane of the cell.

(i)	The limiting membrane of this phagocytic vacuole then fuses with the limiting membrane of a lysosomal granule, resulting in discharge of the granule’s contents into the phagolysosome.

(ii)	In the course of this action, the neutrophil and monocyte become progressively degranulated.  (62)



(3)	Killing or Degradation:  bacterial killing is accomplished largely by oxygen-dependent mechanisms.

(a)	Phagocytosis stimulates a burst in O2 consumption, glycogenolysis, increased glucose oxidation via the hexose-monophophate shunt, and production of reactive oxygen metabolites.

(i)	The generation of O2 metabolites is due to rapid activation of an oxidase (NADPH oxidase), which oxidizes NADPH and reduces O2:      

	�EMBED Unknown����EMBED Unknown����EMBED Unknown����EMBED Unknown���



(ii)	Superoxide is then converted into H2O2 mostly by spontaneous dismutation:			�EMBED Unknown���		



(iii)	The NADPH oxidase is a component of the membrane and is activated when the membrane is invaginated in the phagolysosome.

a.	Thus, this hydrogen peroxide is produced within the lysosome.



(iv)	The quantities of H2O2 produced in the phagolysosome are insufficient to induce effective killing of bacteria.

a.	However, the azurophilic granules of neutrophils contain the enzyme myeloperoxidase (MPO).



(v)	Myeloperoxidase-halide system:  in the presence of a halide (Cl-), myeloperoxidase converts H2O2 to �EMBED Unknown���

a.	�EMBED Unknown���is an antimicrobial agent that destroys bacteria by halogenation or by oxidation of proteins and lipids.



b.	The H2O2-MPO-halide system is the most efficient bactericidal system in neutrophils, but MPO-deficient leukocyes are capable of killing bacteria through the formation of superoxide, hydroxyl radicals, and singlet O2.



(vi)	Chronic Granulomatous Disease (CGD):   group of congenital disorders that result in the failure of oxygen-dependent bacterial killing. 



(b)	Five Oxygen-independent bactericidal substances:  bacterial killing can occur in the absence of the oxidative burst, by substances in the leukocyte granules.

(i)	Bactericidal permeability increasing protein (BPI)

(ii)	lysozyme

(iii)	lactoferrin

(iv)	major basic protein (MBP)

(v)	defensins     (63)



(4)	Bacterial degradation following killing:  following killing acid hydrolases found in azurophilic granules degrade the bacteria within phagolysosomes.

(a)	The pH of the phagolysosome drops to between 4 and 5 after phagocytosis, this is the optimal pH for the action of the hydrolases.



g)	Release of Leukocyte products:  the membrane perturbances during chemotaxis and phagocytosis can result in the release of products into the extracellular space.  

(1)	Three important classes of substances are released:

(a)	Lysosomal enzymes

(b)	oxygen-derived active metabolites

(c)	products of arachidonic acid metabolism:  prostaglandins and leukotrienes.

(2)	These products are powerful mediators of endothelial injury and tissue damage and amplify the effects of the initial inflammatory stimulus.



(3)	Three mechanisms for the release of these substances from neutrophils and monocytes:

(a)	regurgitation:  release may occur if the phagocytic vacuole remains transiently open to the outside before complete closure of the phagolysosome.



(b)	Frustrated phagocytosis:  occurs in cells exposed to potentially digestible materials (immune complexes) on flat surfaces (glomerular basement membrane).

(i)	attatchment of immune complexes to the leukocyte triggers membrane movement, but, because of the flat surface, phagocytosis does not occur and lysosomal enzymes are released into the medium.



(c)	Cytotoxic release:  occurs after phagocytosis of potentially membranolytic substances, such as urate crystals.  (63)



4.	Chemical Mediators of Inflammation:



a)	General properties of chemical mediators:

(1)	mediators originate either from the plasma or from cells:

(a)	plasma-derived mediators are present in plasma in precursor forms that must be activated, usually by a series of proteolytic cleavages.

(b)	Cell-derived mediators are normally sequestered in intracellular granules.

(i)	They can also be synthesized de novo in response to a stimulus.



(2)	Most mediators perform their biological activity by initially binding to specific receptors on target cells.

(a)	Some however have direct enzymatic activity or mediate oxidative damage.



(3)	A chemical mediator can stimulate the release of mediators by target cells themselves.  (64)

(a)	These secondary mediators may be identical or similar to the initial mediators or may have opposing activities.

(i)	They provide mechanisms for amplification.



(4)	Mediators can act on one or many target cell types and may even have differing effects on different targets.



(5)	Once activated and released from the cell, most of these mediators are short-lived.



(6)	Most mediators may have harmful effects.  (65)



b)	Vasoactive amines:

(1)	Histamine:  it is widely distributed in tissues, the richest source being the mast cells that are normally present in the connective tissue adjacent to blood vessels.



(a)	Preformed histamine is present in mast cell granules and is released by mast cell degranulation in response to a variety of stimuli.



(b)	In humans, histamine causes dilatation of the arterioles and increases vascular permeability of the venules (it however, constricts large arteries).

(i)	It acts on the microcirculation mainly via H1 receptors.

(c)	It is considered to be the principal mediator of the immediate phase of increased vascular permeability.



(2)	Serotonin:  another preformed vasoactive mediator with actions similar to those of histamine.

(a)	It is present in platelets and enterochromaffin cells.

(b)	Release of serotonin is stimulated when platelets aggregate after contact with collagen, thrombin, ADP, and antigen-antibody complexes.

(i)	Platelet aggregation and release are also stimulated by platelet-activating factor (PAF) derived from mast cells during IgE-mediated reactions.  (65)



c)	The complement system:  this system functions in immunity for defense against microbial agents, culminating in lysing microbes by the membrane attack complex (MAC).

(1)	In the process, a number of complement components are elaborated that cause increased vascular permeability, chemotaxis, and opsonization.



(2)	The most critical step in the elaboration of the biological functions of complement is the activation of the third component, C3.

(a)	Classical pathway:  triggered by the fixation of C1 to antibody (IgM or IgG) combined with antigen.



(b)	Alternate pathway: can be triggered by microbial surfaces, aggregated IgA, complex polysaccharides, endotoxins, cobra venom, and so forth.

(i)	This pathway involves the participation of a distinct set of serum components called the properdin system.  (66)



(3)	Complement derived factors affect a variety of phenomena in acute inflammation:  among the complement components, C3 and C5 are the most important inflammatory mediators.



(a)	Vascular phenomena:  C3a, C5a , and to a small extent, C4a increase vascular permeability and cause vasodilation mainly by releasing histamine from the mast cells.

(i)	C5a also activates the lipoxygenase pathway of arachidonic acid metabolism in neutrophils and monocytes, causing further release of inflammatory mediators.



(b)	Leukocyte adhesion, chemotaxis, and activation:  C5a is a powerful chemotactic agent for neutrophils, monocytes, eosinophils, and basophils.

(i)	C5a also increases the adhesion of leukocytes to endothelium by activating the leukocytes and increasing the avidity of surface integrins to their endothelial ligands.



(c)	Phagocytosis:  C3b and C3bi, when fixed to the bacterial cell wall, act as an opsonin and favor phagocytosis by neutrophils and macrophages, which bear cell surface receptors for C3b.  (67)



d)	Cytokines:  they are polypeptides produced by many cell types that modulate the function of other cell types.

(1)	They are produced by activated lymphocytes and macrophages.



(2)	The three main cytokines that mediate inflammation are IL-1, TNF (( and (), and the IL-8 family.  (70)



e)	In general acute inflammation may have one of four outcomes:

(1)	Complete resolution

(2)	Healing by connective tissue replacement: 

(3)	Abscess formation:

(4)	progression of the tissue response to chronic inflammation.  (74)



5.	Chronic inflammation:  inflammation of prolonged duration (weeks or months) in which active inflammation, tissue destruction, and attempts at healing are proceeding simultaneously.



a)	Three causes of chronic inflammation that arises de novo (not following acute inflammation):



(1)	Persistent infections by certain microorganisms such as tubercle bacilli, Treponema pallidum (syphilis), and certain fungi.

(a)	These organisms are of low toxicity and evoke an immune reaction called delayed hypersensitivity.

(b)	The inflammatory response sometimes takes a specific pattern called a granulomatous reaction.



(2)	Prolonged exposure to potentially toxic agents, either exogenous or endogenous.



(3)	Autoimmune diseases:  autoantigens evoke a self-perpetuating immune reaction that results in several common chronic inflammatory diseases, such as rheumatoid arthritis and lupus erythematosus.  (75-76)



b)	Acute vs. Chronic inflammation:



(1)	Acute inflammation is manifested by vascular changes, edema, and largely neutrophilic infiltration.

(2)	Chronic inflammation is characterized by:

(a)	infiltration with mononuclear cells, which include macrophages, lymphocytes, and plasma cells, a reflection of a persistent reaction to injury.

(b)	Tissue destruction, largely induced by inflammatory cells.

(c)	Atttempts at repair by connective tissue replacement:  

(i)	angiogenesis:  proliferation of small blood vessels.

(ii)	Fibrosis.  (76)



c)	Mononuclear Phagocyte System (MPS):  consists of closely related cells of bone marrow origin, including blood monocytes, and tissue macrophages.  (76)



(1)	Activation of macrophages:  activation results in an increased cell size, increased levels of lysosomal enzymes, more active metabolism, and greater ability to phagocytose and kill ingested microbes.



(2)	Activation signals:  stimuli for macrophage activation include,

(a)	cytokines (IFN-() secreted by sensitized T lymphocytes.

(b)	Bacterial endotoxins

(c)	other chemical mediators

(d)	ECM (extracellular matrix) proteins like fibronectin  



(3)	Three mechanisms result in macrophage accumulation in chronic inflammation:



(a)	continued recruitment of monocytes from the circulation:  results from the steady expression of adhesion molecules and chemotactic factors.

(i)	This is numerically the most important source for macrophages.



(b)	Local proliferation of macrophages:  occurs after they migrate from the bloodstream.  (77)



(c)	Immobilization of macrophages:  occurs within the site of inflammation.



(4)	The Macrophage is a central figure in chronic inflammation because of the great number of biologically active substances it can produce:

(a)	Enzymes:

(i)	neutral proteases:

a.	elastase

b.	collagenase

c.	plasminogen activator



(ii)	acid hydrolases:

a.	phosphatases

b.	lipases



(b)	Plasma proteins:

(i)	Complement components 

(ii)	coagulation factors (factors V, VIII, tissue factor)

(c)	reactive metabolites of oxygen

(d)	eicosanoids

(e)	cytokines

(f)	growth factors

(g)	nitric oxide  (78)



d)	Four other cell types involved in chronic inflammation:



(1)	Lymphocytes:  they are mobilized in both antibody- and cell-mediated immunity and also, for reasons unknown, in nonimmune-mediated inflammation.

(a)	Activated lymphocytes produce lymphokines, and one of these, IFN-(, is a major stimulator of monocytes and macrophages.

(b)	Cytokines from acivated macrophages, in turn , activate lymphocytes.

(c)	Lymphocytes also produce inflammatory mediators.



(2)	Plasma cells:  they produce antibody directed either against persistent antigen in the inflammatory site or against altered tissue components.



(3)	Eosinophils:  they are characteristic of immune reactions mediated by IgE and of parasitic infections.

(a)	They are phagocytic and undergo activation.



(4)	Mast cells:  (78)



e)	Scar formation:  attempts at repairing tissue damage occur by replacement of nonregenerated parenchymal cells by connective tissue, which eventually forms fibrosis and scarring.  There are 4 components of scar formation:

(1)	angiogenesis:  formation of new blood vessels

(2)	migration and proliferation of fibroblasts

(3)	deposition of extracellular matrix

(4)	maturation and organization of the fibrous tissue (remodeling)



f)	Granulation tissue:  this type of tissue is the hallmark of  healing.

(1)	The process of repair begins early in inflammation.

(a)	As early as 24 hrs. after injury, fibroblasts and vascular endothelial cells proliferate to form this tissue.

(2)	The tissue has a pink, soft, granular appearance on the surface of wounds.



(3)	Two components of granulation tissue:

(a)	angiogenesis (neovascularization):  new vessels originate by budding or sprouting of pre-existing vessels.

(b)	Proliferation of fibroblasts.



(4)	Four steps necessary in the development of a new capillary vessel:

(a)	basement membrane degradation:  proteolytic degradation of the basement membrane of the parent vessel to allow formation of a capillary sprout and subsequent cell migration.

(b)	Migration:  migration of endothelial cells toward the angiogenic stimulus.

(c)	Mitosis:  proliferation of endothelial cells, just behind the leading front of migrating cells.

(d)	Differentiation:  maturation of endothelial cells and organization into capillary tubes.  (79)   see fig 3-33, 80.



(5)	granulomatous inflammation:  this is a distinctive pattern of chronic inflammatory reaction in which the predominant cell type is an activated macrophage with a modified epithelial-like (epitheloid) appearance.  (80)

(a)	It’s genesis is firmly linked to immune reactions.



(b)	Granuloma:  it is a focal area of granulomatous inflammation.  It consists of a microscopic aggregation of macrophages that are transformed into epithelium-like cells surrounded by a collar of mononuclear leukocytes, principally lymphocytes and occasionally plasma cells.  (81)



(c)	Granulomas and granulomatous inflammation are characterized by the accumulations of modified macrophages (epitheloid cells) produced from immune reactions.



(d)	Giant cells:  frequently the epitheloid cells fuse to form giant cells in the periphery or sometimes in the center of granulomas.  These giant cells may attain diameters of 40-50(m.  They comprise a large mass of cytoplasm containing 20 or more  small nuclei:

(i)	Langerhans-type giant cell:  nuclei are arranged peripherally.

(ii)	Foreign body-type giant cell:  nuclei are arranged haphazardly.



(e)	There are 2 types of granulomas:

(i)	Foreign body granulomas:  incited by relatively inert foreign bodies.

(ii)	Immune granulomas:  2 factors determine the formation of immune granulomas:



a.	the presence of indigestible particles of organisms

b.	T cell-mediated immunity to the inciting agent.

i.	Products of T cells are important in transforming macrophages into epitheloid cells.  (81)



(f)	Five categories of disease show granulomatous inflammation:

(i)	Bacterial:  tuberculosis, leprosy, syphilis, cat-scratch disease.

(ii)	Parasitic:  schistosomiasis.

(iii)	Fungal:  

(iv)	inorganic metals and dusts:  silicosis, berylliosis.

(v)	Unknown:  sarcoidosis.  (81)



(g)	Tuberculosis:  the granuloma is referred to as a tubercle.

(i)	The tubercle is classically characterized by the presence of central caseous necrosis, which is rare in other granulomatous diseases.(82)



6.	Morphologic patterns in acute and chronic inflammation:



a)	Serous inflammation:  it is marked by the outpouring of a thin fluid that, depending on the size of injury, is derived from either the blood serum or the secretions of mesothelial cells lining the peritoneal, pleural, and pericardial cavities.  (82)

(1)	The skin blister resulting from a burn or viral infection represents a large accumulation of serous fluid.



b)	Fibrinous inflammation:  with more severe injuries and the resulting greater vascular permeability, larger molecules such as fibrin pass the vascular barrier.

(1)	A fibrinous exudate develops when the vascular leaks are large enough or there is a procoagulation stimulus in the interstitium.

(2)	A fibrinous exudate is characteristic of inflammation in body cavities, such as the pericardium and pleura.  (83)



c)	Suppurative or Purulent inflammation:  this form of inflammation is characterized by the production of large amounts of pus or purulent exudate consisting of neutrophils, necrotic cells, and edema fluid.

(1)	Certain organisms produce this localized suppuration and are referred to as pyogenic (pus-producing).

(2)	A common example is acute appendicitis.



(3)	Abscess:  they are focal localized collections of purulent inflammatory tissue caused by suppuration buried in a tissue, an organ, or a confined space.

(a)	They are produced by deep seeding of pyogenic bacteria into a tissue.  (83)



(4)	Ulcer:  it is a local defect, or excavation, of the surface of an organ or tissue that is produced by the sloughing (shedding) of inflammatory necrotic tissue.

(a)	Ulceration can only occur when an inflammatory necrotic area exists on or near the surface.

(b)	It is common in inflammatory necrosis of the mucosa of the mouth, stomach, intestines, or genitourinary tract; and in subcutaneous inflammations of the lower extremities in older persons who have circulatory disturbances (diabetes mellitus) that predispose them to extensive necrosis.  (84)





7.	Systemic Effects of Inflammation:  



a)	Acute-phase reactions:  manifestations of acute inflammation include:

(1)	fever.

(2)	Increase in slow wave sleep

(3)	decreased appetite

(4)	increased degradation of proteins

(5)	hypotension and other hemodynamic changes

(6)	the synthesis of acute-phase proteins by the liver:  including C-reactive protein, serum amyloid A, complement, and coagulation proteins

(7)	a variety of changes in peripheral blood leukocytes.



b)	Three important mediators of acute-phase reactions:  IL-1, IL-6, and TNF.



(1)	The pathogenesis of fever:  IL-1, IL-6, and TNF are cytokines produced by leukocytes.

(a)	IL-1 acts directly and also by inducing IL-6, which has essentially similar effects in producing the acute-phase reactions.

(i)	Both produce fever by interacting with vascular receptors in the thermoregulatory center of the hypothalamus.

(ii)	This results in sympathetic nerve stimulation, vasoconstriction of skin vessels, decrease in heat dissipation, and fever.  (84)



c)	Leukocytosis:  it is a common feature of inflammatory reactions, especially those induced by bacterial infection.

(1)	The leukocyte count usually climbs to 15,000-20,000 cells/ml.



(2)	Leukemoid reactions:  extreme elevations in the leukocyte count (40,000-100,000)

(a)	they are referred to as leukemoid reactions because they are similar to the white cell counts seen in leukemia.



(3)	Most bacterial infections induce neutrophilia, a rise in the number of more immature neutrophils.  (84)

(a)	But some viral illnesses (mononucleosis, mumps, and German measles) are exceptions:  they produce an absolute increase in the number of lymphocytes.



d)	Leukopenia:  decreased number of circulating white cells.

(1)	Causes of leukopenia:  

(a)	certain infections (typhoid fever and infections caused by viruses, rickettsiae, and certain protozoa) are associated with leukopenia.

(b)	Leukopenia is also encountered in infections that overwhelm patients debilitated by disseminated cancer or rampant tuberculosis.



B.	WOUND HEALING AND REPAIR:



1.	General:



a)	Primary union (healing by first intention):  the healing of a clean, uninfected surgical incision approximated by surgical sutures.

(1)	This is the least complicated example of wound repair.



b)	Secondary union (healing by second intention):  there is a large tissue defect that must be filled.

(1)	Regeneration of parenchymal cells cannot completely reconstitute the original architecture.  Abundant granulation tissue grows in from the margin to complete the repair.  (85)



(2)	secondary healing differs from primary healing in several aspects:

(a)	the inflammatory reaction is more intense:  large tissue defects have more necrotic debris and exudate that must be removed.



(b)	Much larger amounts of granulation tissue are formed:  whenever a large defect occurs in deeper tissues, granulation tissue with its scavenger white cells bears the full responsibility for its closure, because draining to the surface cannot occur.



(c)	Wound contraction occurs in large surface wounds:  large defects in the skin are reduced, over time, from their original size.  (86)



2.	Mechanisms of Wound Healing:



a)	General processes involved in wound healing:

(1)	induction of an acute inflammatory process by the wounding

(2)	regeneration of parenchymal cells

(3)	migration and proliferation of both parenchymal and connective tissue cells

(4)	synthesis of ECM proteins

(5)	remodeling of connective tissue and parenchymal components

(6)	collagenization and acquisition of wound strength.  (86)



b)	Collagen:  the most common protein in the animal world, providing the extracellular framework for all multicellular organisms.  It ultimately produces the strength of healing wounds.



(1)	Structure:  it is a triple helix of collagen molecules.

(a)	Cross linking is a major contributor to the tensile strength.

(b)	It is synthesized by the fibroblast.



(2)	Collagen synthesis is stimulated by several factors:  they are secreted by leukocytes and fibroblasts in healing wounds.

(a)	growth factors:  PDGF, FGF, TGF-(

(b)	cytokines:  IL-1, IL-4     (87)



(3)	Collagen degradation:  is achieved by a family of metalloproteinases.

(a)	Metalloproteinases:  

(i)	these enzymes are produced by several cell types:



a.	fibroblasts, macrophages, neutrophils, synovial cells, and some epithelial cells.



(ii)	Their secretion is stimulated by many stimuli:



a.	growth factors:  (PDGF, FGF).

b.	Cytokines:  (IL-1, TNF-()

c.	phagocytic stimuli



c)	Time Course of wound healing:

(1)	When sutures are removed:

(a)	after one week:  wound strength is approximately 10% of normal.

(b)	Wound strength increases rapidly over the next 4 weeks.

(c)	This rate then slows at approximately the 3rd month after the original incision and then reaches a plateau at about 70-80% of normal tensile strength.  (88)

(i)	The recovery of tensile strength results from increased collagen synthesis exceeding collagen degradation during the first 2 months, and from structural modifications of collagen fibers (cross-linking, increased fiber size), when collagen synthesis ceases at later times.



d)	Influences on wound healing:



(1)	Nutrition:  has profound effects on wound healing.

(a)	Protein or vitamin C deficiency inhibit collagen synthesis and retard healing.



(2)	Glucocorticoids:  have anti-inflammatory effects that influence various components of inflammation and fibroplasia.



(3)	Infection:  of the local factors, it is the single most important cause of delay in healing.



(4)	Mechanical factors:  increased abdominal pressure may cause rupture of abdominal wounds, called wound dehiscence.  (89)



(5)	Inadequate blood supply:  impedes wound healing.

(a)	Can be caused by arteriosclerosis or venous abnormalities.



(6)	Foreign bodies:  such as unnecessary sutures or fragments of steel, glass, or even bone constitute impediments to healing.  (90)



e)	Aberrations of growth that may occur in wound healing within a normal individual:



(1)	keloid:  a raised tumorous scar caused by accumulation of excessive amounts of collagen.



(2)	Proud flesh (exuberant granulation):  formation of excessive amounts of granulation tissue, which protrudes above the level of the surrounding skin and in fact blocks re-epithelialization.

(a)	They must be removed by cautery or surgical incision to permit restoration of the continuity of the epithelium.  (90)



IV.	SECTION D:  HEMODYNAMIC DISORDERS, THROMBOSIS AND SHOCK



A.	Edema:  the accumulation of abnormal amounts of fluid in the intercellular tissue spaces or body cavities.



1.	Ansarca:  term used when the edema is severe and generalized, producing marked swelling of the subcutaneous tissues.



2.	Ascites:  edema of the peritoneal cavity.



3.	Hydrothorax:  edema of the thoracic cavity.  (93)



4.	Pathogenesis of Edema:  

a)	The opposing effects of intravascular hydrostatic pressure and plasma colloid osmotic pressure are the major factors to be considered in the development of edema.



5.	Four primary causes of non-inflammatory edema:



a)	an increase in intravascular hydrostatic pressure:

(1)	impaired veinous return:  resulting edema is usually in the legs.

(a)	Congestive heart failure:  “cardiac edema”

(b)	constrictive pericarditis

(c)	cirrhosis of liver

(d)	obstruction or narrowing of veins:

(i)	thrombosis

(ii)	external pressure

(iii)	inactivity of the lower extremities with long periods of dependency.

(2)	Arteriolar dilation:

(a)	heat

(b)	neurohormonal excess or deficit



b)	a fall in colloid osmotic pressure of the plasma:  loss or decreased synthesis of albumin.

(1)	Nephrotic syndrome (protein-losing glomerulopathies)

(2)	cirrhosis of liver:  ascites

(3)	malnutrition:

(4)	protein-losing gastroenteropathy



c)	sodium retention:

(1)	excessive salt intake with reduced renal function

(2)	increased tubular reabsorption of sodium:

(a)	reduced renal perfusion

(b)	increased renin-angiotensin-aldosterone secretion.



d)	Lymphatic obstruction:

(1)	inflammatory

(2)	neoplastic

(3)	postsurgical

(4)	postradiation  (94)



6.	Lethal forms of edema:

a)	pulmonary edema:  impairs normal ventilatory function.

b)	Edema of the brain:

(1)	the increased mass of brain substance may cause herniation of the cerebellar tonsils into the foramen magnum or may cause shearing stresss on the blood supply to the brain stem.  (97)

(a)	Both conditions secondarily impinge on medullary centers to cause death.

c)	laryngeal edema





B.	Hyperemia and Congestion:  increased volume of blood in a tissue.



1.	Hyperemia (active hyperemia):  occurs when arterial and arteriolar dilatation produces an increased flow of blood into capillary beds, with opening of inactive capillaries.  

a)	It causes increased redness in the affected part.

b)	The arterial and arteriolar dilatation is brought about by sympathetic neurogenic mechanisms or the release of “vasoactive” substances.



c)	Examples:  

(1)	active hyperemia of the skin is encountered whenever excess body heat must be dissipated, such as in muscular exercise and febrile states.

(2)	Blushing is another example of hyperemia induced by neurogenic nechanisms.



2.	Congestion (passive hyperemia):  results from impaired venous drainage.

a)	It causes an intensified blue-red coloration in affected parts as venous blood is dammed back.

(1)	Cyanosis:  the blue tint is accentuated when the congestion leads to an increase of deoxygenated hemoglobin in the blood.

b)	Causes:

(1)	it may occur as a systemic phenomenon in congestive heart failure when both right and left ventricles are decompensated

(2)	it may affect only the pulmonary circuit in left ventricular failure.

(3)	It may effect the entire body, except for the lungs, in right ventricular decompensation.

(4)	Congestion can occur as a local process when veinous return of blood from an extremity is obstructed, or when it involves only the portal circulation (portal hypertension) secondary to cirrhosis of the liver.  



3.	Nutmeg liver:  with chronic congestion, the central regions of the liver lobule become red-blue, surrounded by a zone of uncongested liver substance.

a)	It results from right-sided heart failure or, more rarely, from obstruction of the inferior vena cava or hepatic vein.  



b)	Microscopically:  

(1)	the central vein and the vascular sinusoids of the centrilobular regions are distended with blood.

(a)	the central hepatocytes frequently become atrophic secondary to chronic hypoxia.

(b)	The peripheral hepatocytes, suffering from less severe hypoxia, develop fatty change.  (97)



c)	Gross appearance: 

(1)	central hemorrhagic necrosis:  with severe cardiac failure the central hepatocytes may become necrotic, and the centrilobular zone hemorrhagic.

(a)	This is caused by the hypoxia induced by reduction in the circulating blood volume and hepatic blood flow.



C.	Hemorrhage:  the rupture of a blood vessel.



1.	hematoma:  the accumulation that results from blood being trapped within the tissues of the body.



2.	Petechiae:  minute hemorrhages into the skin, mucous membranes, or serosal surfaces.



3.	Purpura:  slightly larger hemorrhages.



4.	Ecchymoses:  a large subcutaneous hematoma  (e.g. the common bruise)  (98)



5.	Three factors determine the clinical significance of hemorrhage:  the volume of blood loss, the rate of loss, and the site of hemorrhage.



D.	Hemostasis and Thrombosis:  



1.	Thrombosis:  it is a pathologic process.  It denotes the formation of a clotted mass of blood within the noninterrupted vascular system;  it represents, to a considerable extent, a pathological extension of hemostasis.

a)	Normal hemostasis:  process that maintains the blood in the vascular system fluid and free from clots, yet allow the rapid formation of a solid plug of blood to close ruptures.



2.	Hemostasis and Thrombosis are dependent on 3 factors:

a)	the vascular wall, with its lining endothelium and underlying subendothelial connective tissue.  

b)	Platelets:  essential for both hemostasis and thrombus formation.

c)	The coagulation system.



3.	Normal Hemostasis:  after a vessel is injured,

a)	there is first a brief period of vasoconstriction owing to reflex neurogenic mechanisms.



b)	Primary hemostasis:  much more important, occurs within minutes of injury.

(1)	Injury to endothelial cells exposes highly thrombogenic subendothelial collagen, to which platelets adhere and are activated.

(a)	Platelet aggregation occurs forming the platet plug.

(b)	Additional platelets are recruited by released agonists (ADP, thromboxane A2, and serotonin)



c)	Secondary hemostasis:  occurs virtually simultaneously.

(1)	Release of tissue factors at the site of injury, in combination with platelet factors, activates the plasma coagulation sequence.

(a)	This sequence culminates in the formation of thrombin, which converts fibrinogen to fibrin and stimulates further platelet recruitment and release.



d)	Ultimately, a platelet plug is produced:  

(1)	polymerized fibrin and platelet aggregates now from a solid mass that prevents hemorrhage form the site of injury.  (100)



4.	Antithrombic factors:  oppose clotting.

a)	Antiplatelet effects:

(1)	intact endothelim:  insulates platelets and coagulation proteins from the highly thrombogenic subendothelial components (collagen).  (100)

(2)	PGI2:  powerful inhibitor of platelet aggregation.  (100)

(3)	ADPase:  ADP is a potent mediator of platelet aggregation.  (102)

b)	Anticoagulant properties:  heparin-like molecules.

(1)	Antithrombins:  inactivates thrombin and other coagulation factors. (100)

(2)	(2 macroglobulin:

c)	Fibrinolytic properties:

(1)	Tissue Plasminogen activator (t-PA):  (104)

(2)	plasmin:  breaks down fibrin  (104)



5.	Prothrombotic factors:

a)	Stimulation of platelet aggregation:

(1)	von Willebrand’s factor:  essential for adhesion of platelets to collagen.  (101)

(2)	Endothelial injury:  leads to adhesion of platelets to subendothelial collagen. (101)

(3)	Subendothelial fibrillar collagen:  platelets adhere to it and are activated. (100)

(4)	fibrinogen:  an important cofactor in platelet aggregation.  (102)

(5)	Thromboxane A2:  important stimuli for platelet aggregation.  (102)

b)	Procoagulation factors:

(1)	thromboplastin:  activates extrinsic clotting pathway.  (not in book)

(2)	Factor V:  part of coagulation cascade.



6.	Three major influences predispose to thrombosis:

a)	injury to endothelium:  major, most frequent influence.

b)	alterations in normal blood flow

c)	alterations in the blood (hypercoagulability)  



7.	Hypercoagulability:  an alteration of the blood coagulation mechanism that in some way predisposes to thrombosis.

a)	This is not a common cause of thrombosis.  (105)



8.	Morphology of Thrombi:

a)	lines of Zahn:  when thrombi are formed within a cardiac chamber or the aorta, they may have these apparent laminations.

(1)	They are produced by alternating layers of pale platelets admixed with some fibrin, separated by darker layers containing more red cells.



b)	Mural thrombi:  thrombi applied to one wall of an underlying structure, they occur in the capacious lumina of the heart chambers and aorta.

(1)	Myocardial infarcts or cardiac arrhythmias are common antecedents to the thrombi that form in the heart.

(2)	Atherosclerosis or aneurysmal dilations are almost invariable precursors of aortic thrombus formation.  (106)



c)	vegetation of cardiac valves:  in special circumstances thrombi may be deposited on the heart valves (bacterial or infective endocarditis), creating ideal sites for the development of thrombotic masses.  

(1)	These masses, laden with micro-organisms are referred to as vegetations.  



d)	Phlebothrombosis:  veinous thrombosis, it is almost always occlusive.  In fact, the thrombus often forms a long cast of the lumen of the vein.

(1)	It commonly affects the veins of the lower extremities (90%) in approximately the following order of frequency:  deep calf, femoral, popliteal, and iliac veins.  (107)



e)	Veinous thrombi can be readily confused with postmortem clots at autopsy:

(1)	postmortem clot:  it forms a cast of the vessel , but it is rubbery and gelatinous.

(a)	The dependent portions of the clot, where the red cells have settled by gravity tend to resemble dark red “currant jelly”

(b)	the supernatant free of red cells, has a yellow “chicken fat” appearance.

(c)	Characteristically, the post mortem clot is not attached to the underlying wall.

(2)	coagulation thrombi:  they are firmer, almost always have a point of attachment, and on transection disclose barely visible tangled strands of pale-gray fibrin.  (108)



9.	Four possible outcomes of a thrombus:

a)	propagation:  the thrombus can propagate and eventually occlude a critical vessel.

b)	Embolization:  thrombi may dislodge to distal sites in the vascular tree.

c)	Dissolution:  thrombi may be removed by fibrinolytic activity.

d)	Organization and recanalization:  thrombi may induce inflammation and fibrosis (organization) and may eventually become recanalized.

(1)	Organization:  refers to the ingrowth of granulation tissue, subendothelial smooth muscle cells, and mesenchymal cells into the fibrin-rich thrombus.

(a)	In time, capillary channels are formed.

(2)	Recanalization:  the capillary channels anastomose to create thoroughfares from one end of the thrombus to the other through which blood may flow.

(a)	This re-establishes, to some extent, the continuity of the lumen of the original vessel.  (109)



10.	Veinous thrombosis:  they are likely to occur in 7 specific clinical settings:  cardiac failure, severe trauma or burns, postoperative and postpartum states, the nephrotic syndrome, disseminated cancer, and the use of oral contraceptives.



11.	DIC (disseminated intravascular coagulation):  the sudden or insidious development of myriad fibrin thrombi in the microcirculation.

a)	In some cases it can be followed by active fibrinolysis and a bleeding diathesis.

b)	DIC is not a primary disease;  rather it complicates the course of any condition associated with activation of thrombin through either the intrinsic or the extrinsic pathway.



c)	DIC leads to a bleeding disorder:  

(1)	with the development of multiple thrombi, there is rapid consumption of platelets, prothrombin, fibrinogen, and factors V, VIII, and X.

(2)	At the same time, the plasminogen-plasmin system is activated, and fibrin degradation  products are formed, having an anticoagulant effect.  (110)



E.	Embolism:  



1.	embolus:  it is a detached intravascular solid, liquid, or gaseous mass that is carried by the blood to a site distant from its point of origin.

a)	Thromboembolism:  virtually 99% of all emboli arise in thrombi.



b)	Rare forms of emboli:  fragments of bone or bone marrow, atheromatous debris from ruptured atherosclerotic plaques, droplets of fat, bits of tumor, foreign bodies such as bullets, and bubbles of air or nitrogen.



c)	Pulmonary embolism:  the most common preventable cause of death in hospitalized patients.

(1)	Annually it causes about 50,000 deaths in the United States.

(2)	The most common site of origin for pulmonary emboli is the large deep veins of the lower legs- popliteal, femoral, and iliac veins.



(3)	Saddle embolus:  emboli that impact astride the bifurcation of the pulmonary artery.

(4)	Paradoxical embolism:  an embolus that passes through an interatrial or interventricular defect and gains access to the systemic circulation.



(5)	Clinical consequences of pulmonary emboli:

(a)	most pulmonary emboli are clinically silent because they are small.



(b)	Sudden death, acute right heart failure, or cardiovascular collapse may occur when more than 60% of the total pulmonary vasculature is obstructed by a large embolus, or multiple small emboli.



(c)	Obstruction of relatively small pulmonary branches that behave as end arteries:  usually causes pulmonary infarction.



(d)	Embolic obstruction of middle-sized arteries that are not end-arteries:  it is usually not associated with pulmonary infarction but instead results in more centrally located pulmonary hemorrhage.



(e)	Uncommonly, multiple emboli lead to pulmonary hypertension, chronic right heart strain, and in time pulmonary vascular sclerosis with progressively worsening dyspnea.  (111)



d)	Systemic (arterial) embolism:  emboli that travel through the arterial circulation.

(1)	Most arterial emboli (80-85%) arise from thrombi within the heart.  (112)



e)	Air embolism:  bubbles of air or gas within the circulation obstruct vascular flow and damage tissues (barotrauma) just as certainly as  thrombotic masses.

(1)	Possible sources of air embolism:  air or gas may gain access to the circulation,

(a)	During delivery or abortion air may be forced into ruptured uterine venous sinuses by the powerful contractions of the uterus.

(b)	During the performance of a pneumothorax when a large artery or vein is ruptured or entered accidentally.

(c)	When injury to the lung or chest wall opens a large vein and permits the entrance of air during the negative pressure phase of inspiration.



(2)	Decompression sickness (caisson disease):  a specialized form of gas embolism.

(a)	It occurs in persons exposed to sudden changes in atmospheric pressure.

(i)	Those at particular risk are scuba and deep sea divers.



(b)	When a gas is breathed under high pressure, increased amounts dissolve in the blood, tissue fluids, and fat.

(c)	If the individual decompresses too rapidly, the gases come out of solution as minute bubbles.

(i)	Oxygen is readily soluble, but nitrogen and helium tend to persist to form gaseous emboli within the blood vessels and tissues.



f)	Fat emboli:  minute globules of fat can often be demonstrated in the circulation following fractures of the shafts of long bones (which have fatty marrows) and, rarely, with soft tissue trauma and burns.

(1)	Microglobules are released by injury to marrow or adipose tissue and gain access to the circulation by rupture of the marrow vascular sinusoids or venules.  (113)



(2)	traumatic fat embolism can be demonstrated anatomically in 90% of individuals who sustain severe skeletal injuries, but only 1% of these individuals manifest clinical signs or symptoms known as fat embolism syndrome.



(a)	Fat embolism syndrome:  characterized by pulmonary insufficiency, neurological symptoms, anemia, and thrombocytopenia.  (114)



F.	Infarction:



1.	infarct:  it is an area of ischemic necrosis within a tissue or an organ, produced by occlusion of either its arterial supply or its venous drainage.



a)	Nearly all infarcts result from thrombotic or embolic occlusion



b)	Less common causes of infarct:  ballooning of an atheroma secondary to hemorrhage within a plaque, twisting of the vessels to the ovary or a loop of bowel, compression of the blood supply of a loop of bowel in a hernial sac, or trapping of a viscus under a peritoneal adhesion.



c)	Infarcts are crudely divided on the basis of their color and the presence or absence of bacterial contamination:



(1)	white infarcts:  when a solid tissue is deprived of its arterial circulation, the infarct may be transiently hemorrhagic, but most become pale (pallor) in a very short time.

(a)	They are associated with pallor.

(b)	They involve arterial occlusion

(c)	they are encountered in solid tissues.



(2)	Red (hemorrhagic) infarcts:    

(a)	they are associated with hemorrhage.

(b)	They involve venous occlusion

(c)	they occur in loose tissues, tissues with a double circulation, and in tissues previously congested.  (114)



d)	Infarcts can be classified as either septic or bland:  depending on the absence or presence of bacterial infection in the area of necrosis.

(1)	Septic infarct:  presence of bacterial infection.

(2)	Bland infarct:  absence of bacterial infection.  



e)	Morphology of infarcts:

(1)	The characteristic cytologic change of all infarcts, except those in the brain, is ischemic coagulative necrosis of the affected cells.

(2)	Inflammatory exudation begins in the margins in a few hours and becomes better defined.

(3)	The inflammatory reaction is followed by a fibroblastic, reparative response begining in the preserved margins.

(4)	In most cases the necrotic focus is eventually replaced by scar tissue.  (115-116)



f)	Brain infarcts differ from infarcts in most other organs:  when the brain suffers ischemic necrosis the affected area promptly and rapidly undergoes liquefaction.



g)	Three factors affecting the severity of ischemic injury:

(1)	the nature of the vascular supply

(2)	the rate of development of the occlusion

(3)	the vulnerability of the tissue to hypoxia.



h)	Clinical significance of Hypoxia:

(1)	Heart:  over half the deaths in the U.S. are caused by cardiovascular disease.  Coronary heart disease alone accounts for 30% of all mortality.

(a)	Most of these cardiovascular deaths result from myocardial and cerebral infarctions.

(2)	Brain:  cerebral infarct is the most common type of CNS disease.

(3)	Lung:  pulmonary infarction is an extremely common complication in a variety of clinical settings.  (116)



G.	Shock:



1.	Shock:  constitutes widespread hypoperfusion of tissues due to reduction in the blood volume or cardiac output,  or redistribution of blood, resulting in an inadequate effective circulating volume.



a)	Three major categories of shock:

(1)	Cardiogenic shock:  caused by failure of the myocardial pump due to intrinsic myocardial damage (myocardial infarction), arrhythmias, extrinsic pressure (cardiac tamponade), or outflow obstruction (pulmonary embolism).



(2)	Hypovolemic or Hemorrhagic shock:  due to inadequate blood or plasma volume caused by hemorrhage, fluid loss from severe burns, or trauma (traumatic shock).



(3)	Septic shock:  caused by severe bacteremic infections, most commonly by gram-negative bacteria (endotoxic shock) but also by gram-positive organisms and, occasionally, fungi.



b)	Septic shock:  results from the spread of microbes from severe localized infections into the blood stream.

(1)	It is currently the most common cause of death in intensive care units.



(2)	The majority of cases are produced by endoxin-producing gram-negative bacilli:

(a)	e.g.  Escherichia coli, Klebsiella pneumoniae, Proteus species, Pseudomonas aeruginosa, Serratia, and Bacteroides.  (117)



(3)	Two cytokines play a key role in the pathogenesis of septic shock:  IL-1 and TNF-(.

(a)	They cause endothelial activation and leukocyte adhesion and aggregation, and promote intravascular coagulation and capillary thrombosis.



V.	SECTION E:  DISEASES OF IMMUNITY



A.	General:

1.	Review of basic immunology:



a)	T-lymphocytes:  

(1)	mediate cellular immunity.  

(2)	They constitute 60-70% of peripheral lymphocytes.  

(a)	T-lymphocytes are also found in the paracortical areas of lymph nodes and periarteriolar sheath of the spleen.  All T-cells have a CD3 molecular complex.



(3)	Two major classes of T-lymphocytes:  CD4 and CD8 cells.

(a)	CD4 cells:  60% of T-cells.

(i)	They bind to to the class II major histocompatibility complex (MHC) molecules expressed on antigen presenting cells.

(ii)	They can be viewed as a master regulator:  by secreting soluble factors (cytokines), CD4+ T-cells influence the function of virtually all other cells of the immune system.

(iii)	They contain 2 subsets:

a.	TH1 (T-helper 1): synthesizes and secretes interleukin-2 (IL-2) and interferon gamma (IFN-()

i.	involved in facilitating the macrophage-dependent immune responses, including induction of delayed hypersensitivity and production of opsonizing antibodies.



b.	TH2 cells:  produce IL-4 and IL-5

i.	aids in synthesis of other classes of antibodies.



(b)	CD8 cells:  30% of T-cells.

(i)	Bind to class I MHC molecules.

(ii)	Act as cytotoxic cells.  (172)



b)	B Lymphocytes:  

(1)	They constitute 10-20% of the circulating lymphocyte population.

(2)	They  are also present in bone marrow; peripheral lymphoid tissues such as lymph  nodes, spleen, or tonsils; and extralymphatic organs, such as the GI tract.

(i)	In the lymph nodes they are found in the superficial cortex.

(ii)	In the spleen, they are found in the white pulp

(iii)	In both the spleen and lymph nodes they are aggregated in the form of lymphoid follicles.

(3)	Anitbodies, secreted by B cells, mediate humoral immunity.





(4)	On antigenic stimulation, B-cells form plasma cells that secrete immunoglobulins.

(a)	IgM, present on the surface of all B-cells, constitutes the antigen-binding component of the B-cell receptor.



(5)	B-cells also express other nonpolymorphic molecules:  complement receptors, Fc receptors, etc.  (172-173)



c)	Macrophages:

(1)	they are required to process and present antigen to immunocompetent T cells.

(a)	T-cells (in contrast to B-cells) cannot be activated by soluble antigens:

(i)	presentation of processed, membrane-bound antigens by macrophages or other antigen-presenting cells is obligatory for induction of cell-mediated immunity.

(2)	Macrophages lyse tumor cells by secreting toxic metabolites.

(3)	Macrophages are important effector cells in certain forms of cell-mediated immunity, such as the delayed hypersensitivity reaction.

(4)	They produce a variety of cytokines.  (173)



d)	Natural Killer (NK) cells:

(1)	10-15% of peripheral lymphocytes are these non-T, non-B cells.

(2)	They have the ability to lyse a variety of tumor cells, virally infected cells, and some normal cells, without prior sensitization.

(a)	They may be the first line of defense against neoplastic or virus-infected cells.

(3)	Antibody-dependent cytotoxicity (ADCC):  the ability of NK-cells to lyse  IgG-coated target cells.

(4)	They are also endowed with immunoregulatory functions.

(a)	These are mediated by the secretion of cytokines such as IFN-(.  (173-174)



e)	Dendritic and Langerhans’ cells:  

(1)	They are extremely efficient in antigen presentation.  

(a)	They are characterized by the presence of dendritic cytoplasmic processes and the presence of large amounts of MHC-II molecules.



(2)	Dendritic cells are widely distributed:  they are found in lymphoid tissue and in the interstitium of many nonlymphoid organs, such as the heart and the lungs.



(a)	Similar cells within the epidermis have been called Langerhan’s cells.  (173)



f)	Cytokines:  

(1)	Many of the interactions and effector functions of the immune system are mediated by these short-acting soluble mediators.



g)	Histocompatability antigen:  it is extremely important for the induction and regulation of the immune response and for certain nonimmunologic functions, they are especially involved in the cell to cell interactions in the immune response.  They play an important role in rejection of organ transplants.





(1)	The principal physiologic function of the cell surface histocompatibility molecules is to bind peptide fragments of foreign proteins for presentation to appropriate antigen-specific T cells.

(a)	They are critical to the induction of T-cell immunity.



(2)	Several genes code for histocompatability antigens, but those that are most important for transplantation antigens are clustered on a small segment of chromosome 6.

(a)	This cluster constitutes the human major histocompatbility complex (MHC) and is also known as the human leukocyte antigen (HLA).



(3)	MHC gene products are classified into 3 categories (I will only discuss 2):

(a)	MHC I:  class I antigens are expressed on all nucleated cells and platelets.

(i)	They are encoded by 3 closely linked loci (HLA-A, HLA-B, HLA-C)

(ii)	class I MHC molecules bind to those peptides synthesized within the cell (e.g. viral antigens)

(iii)	CD8+ T-cells can recognize viral peptides only if they are presented as a complex with self class I antigens.



(b)	MHC II:  

(i)	they are coded for in a region called HLA-D which has 3 subregions (HLA-DP, HLA-DQ, HLA-DR).



(ii)	Class II MHC molecules present exogenous antigens.



a.	The antigens are first internalized and processed.



(iii)	CD4+ T-cells can recognize antigens only in the context of self class II molecules.



(c)	HLA and disease asssociation:  diseases that show association with HLA can be broadly grouped into the following categories:



(i)	inflammatory diseases:

a.	Ankyosing spondylitis: best known disease associated with an HLA..  Individuals who possess HLA-B27 have over a 90-fold greater chance of developing the disease.

(ii)	Inherited errors of metabolism:  (e.g.  hemochromatosis)

(iii)	autoimmune disorders:  (177)



2.	Mechanisms of immunologic injury (hypersensitivity reactions):



a)	Four types of immune disease (hypersensitivity reactions) based on immunologic mechanisms:

(1)	Type I hypersensitivity (anaphylactic type):

(a)	Type I hypersensitivity may be defined as a rapidly developing immunologic reaction occurring within minutes after the combination of an antigen with antibody, bound to mast cells or basophils, in individuals previously sensitized to the antigen.



(b)	They are mediated by IgE antiibodies:  

(i)	an allergen stimulates B lymphocyte production of IgE:  this process requires the assistance of the TH2 CD4+ helper T-cells.

(ii)	The IgE attach to mast cells and basophils

(iii)	When a mast cell or basopil, armed with the IgE, is re-exposed to the specific allergen, a series of reactions take place, leading eventually to the release of a variety of powerful mediators responsible for the clinical expression of type I hypersensitivity reactions.



(c)	Systemic anaphylaxis:  it may occur after administration of heterologous proteins (antisera), hormones, enzymes, polysaccharides and drugs (e.g. penicillin).

(i)	Within minutes after exposure, itching, hives, and skin erythema appear, followed shortly thereafter by a striking contraction of respiratory bronchioles and the appearance of respiratory distress.

a.	(erythema=  abnormal redness of skin due to congestion)

(ii)	Vomiting, abdominal cramps, diarrhea, and laryngeal obstruction follow, and the patient may go into shock and even die within the hour.



(d)	Local anaphylaxis:  genetically determined (atopic) predisposition to allergy exemplifies this reaction.

(i)	10% of the population suffers from allergies involving localized anaphylactic reactions to extrinsic allergens such as pollen, animal dander, house dust, fish, etc.

(ii)	Specific diseases include:  urticaria, angioedema, allergic rhinitis (hay fever), allergic gastroenteritis, and some forms of asthma.  (179,180,182)

a.	(urticaria= pale, irregular, elevated patches (hives) and severe itching on skin)



(2)	Type 2 hypersensitivity:

(a)	it is mediated by anitbodies directed toward antigens present on the surface of cells or other tissue components.



(b)	The reactions result from the binding of antibodies to normal or altered cell-surface antigens.

(i)	The antigenic determinants may be intrinsic to the cell membrane or they may take the form of an exogenous antigen adsorbed on the cell surface.



(c)	There are 3 different antibody-dependent mechanisms involved:



(i)	complement-dependent reactions:  direct lysis or opsonization.

a.	Direct lysis:  antibody (IgG, IgM) reacts with an antigen present on the surface of the cell, causing activation of the complement system and resulting in the assembly of the membrane attack complex that disrupts membrane integrity.



b.	Opsonization:  cells become susceptible to phagocytosis by fixation of antibody or C3b to the cell surface.



c.	This form of Type II hypersensitivity most commonly involves blood cells (RBCs, WBCs, and platelets) but the antibodies can also be directed against extracellular  tissue (glomerular basement membrane)



d.	Clinically, such reactions occur in the following situations:



i.	transfusion reactions:

ii.	erythroblastosis fetalis:  in which there is antigenic difference between the mother and fetus.

iii.	Autoimmune hemolytic anemia, agranulocytosis, or thrombocytopenia:  in which individuals produce antibodies to their own blood cells.

iv.	Certain drug reactions:  antibodies react with the drug.



(ii)	Antibody-dependent cell-mediated cytotoxicity (ADCC):  requires the cooperation of leukocytes.



a.	The target cells, coated with low concentrations of IgG antibody, are killed by a variety of nonsensitized cells.

i.	These nonsensitized cells bind to the target (Fc receptors) and cell lysis proceeds without phagocytosis.



b.	It is mediated by monocytes, neutrophils, eosinophils, and NK cells.

c.	In most cases IgG is used but in some cases (parasites) IgE is used.

d.	ADCC may be relevant to the destruction of targets too large to be phagocytosed.



(iii)	Antibody-mediated cellular dysfunction:  

a.	antibodies directed against cell surface receptors impair or dysregulate function without causing cell injury or inflammation.



b.	Myasthenia gravis:  antibodies bind to and impair Ach receptors.

c.	Graves disease:  antibodies acitvate the TSH receptor.



(3)	Type III hypersensitivity:  immune complex-mediated.



(a)	Induced by antigen-antibody complexes that produce tissue damage as a result of their capacity to activate a variety of serum mediators, principally the complement system.

(i)	The toxic reaction is initiated when antigen combines with antibody, whether within the circulation or in extravascular sites.

(ii)	Complexes formed in the circulation produce damage, particularly, as they localize within blood vessel walls or when they are trapped in filtering structures (renal glomerulus).



(b)	The immune complex diseases can be generalized or localized:

(i)	systemic immune complex disease:  

a.	acute serum sickness is the prototype of a systemic immune complex disease.



b.	There are 3 phases in the pathogenesis of these diseases:

i.	formation of antigen-antibody complex

ii.	deposition of complexes in various tissues

iii.	an inflammatory reaction in dispersed sites throughout the body.



c.	The reaction forms a pathological lesion:

i.	vasculitis:  lesion occurs in blood vessels.

ii.	Glomerulonephritis:  it occurs in renal glomeruli.

iii.	Arthritis:  occurs in joints



d.	A chronic form of serum sickness results from repeated or prolonged exposure to an antigen and can lead to the following diseases:

i.	Systemic lupus erythematosus (SLE)

ii.	rheumatoid arthritis:

iii.	polyarteritis nodosa:

iv.	membranous glomerulonephritis:



(ii)	Local immune complex disease (Arthus reaction):

a.	a localized area of tissue necrosis resulting from acute immune complex vasculitis, usually elicited in the skin.



b.	The reaction can be produced experimentally by intracutaneous injection of antigen in an animal having circulating antibodies against the antigen.



c.	Because of the excess of antibodies, as the antigen diffuses into the vascular wall, large immune complexes are formed, which precipitate locally and trigger the inflammatory reaction already discussed.



d.	The reaction develops over a few hours and reaches a peak 4 to 10 hours after injection.



(4)	Type IV hypersensitivity:  cell-mediated.

(a)	It is mediated by specifically sensitized T-lymphocytes.



(b)	It is the principal pattern of immunologic response to a variety of intracellular microbiologic agents:

(i)	particularly Mycobacterium tuberculosis.

(ii)	Also to many viruses, fungi, protozoa, and parasites.



(c)	It includes the classic delayed-type hypersensitivity reactions initiated by CD4+ T cells and direct cell cytotoxicity mediated by CD8+ T-cells:



(i)	Delayed-type hypersensitivity:  



a.	best known example of this reaction occurs when tuberculin is injected into a previously sensitized individual.



b.	It is characterized by the accumulation of mononuclear cells in the subcutaneous tissue and deep and superficial dermis.



c.	Expression of delayed hypersensitivity depends in large part on the cytokines secreted by TH1 cells.



(ii)	T-cell-mediated cytotoxicity:

  

a.	sensitized CD8+ T-cells kill antigen-bearing target cells.

i.	These effector cells are called cytotoxic T lymphocytes (CTL).



b.	CTLs, directed against cell surface histocompatability antigens, play an important role in graft rejection.

i.	They also play a role in resistance to viral infection.  (178-190)



b)	Transplant rejection:  

(1)	the antigens responsible are the major histocompatability antigens (HLA).  



(2)	Two major immunologic mechanisms play a role in rejection:

(a)	T-cell mediated reactions:  there are 2 mechanisms by which T-lymphocytes are involved in rejection:

(i)	activation of CD8+ CTLs

(ii)	delayed hypersensitivity reactions triggered by activated CD4+ helper cells.



(b)	Antibody-mediated reactions.  (190)



(3)	Three morphological types of rejection (as exemplified by renal transplantation):



(a)	hyperacute rejection:

(i)	occurs within minutes or hours after transplantation.

(ii)	It is an antigen-antibody reaction at the level of vascular endothelium



a.	there is a rapid accumulation of neutrophils within arterioles, glomeruli, and peritubular capillaries. 

b.	Immunoglobulin and complement are deposited in the vessel wall:  

i.	there is early endothelial injury together with fibrin-platelet thrombi.



(b)	Acute rejection:  

(i)	may occur within days, or appear suddenly months or even years later, when immunosuppression is terminated.  



(ii)	It is a combined process in which both cellular and humoral tissue injuries play parts.





a.	Acute cellular rejection:

i.	there is extensive interstitial mononuclear cell infiltration and edema.  (192)

ii.	The mononuclear cell infiltrate consists of  CD4+ and CD8+ T-lymphocytes.

iii.	These patients promptly respond to immunosuppressive therapy (cyclosporine).



b.	Acute rejection vasculitis (humoral rejection):

i.	there is necrotizing vasculitis with endothelial necrosis; neutrophilic infiltration; deposition of immunoglobulins, complement, and fibrin; and thrombus.



ii.	Patients do not respond to immunosuppressive therapy.



(c)	Chronic rejection:

(i)	vascular changes consist of  dense intimal fibrosis

(ii)	there are interstitial mononuclear cell infiltrates containing large numbers of plasma cells and numerous eosinophils.  



(4)	Two general methods of increasing graft survival:

(a)	minimization of the HLA disparity  between the donor and the recipient.

(b)	Immunosuppressive therapy:  cyclosporine.  (193)



(5)	Efforts have been made to transplant the following organs and tissues:

(a)	liver, heart, kidney, lungs, pancreas, and hematopoietic cells.  (194)



B.	AUTOIMMUNE DISEASES:



1.	General:



a)	three requirements should be met before a disorder is considered to be an autoimmune disease:

(1)	the presence of an autoimmune reaction.

(2)	Clinical or experimental evidence that such a reaction is not secondary to tissue damage but is of primary pathogenetic significance

(3)	the absence of another well-defined cause of the disease.



b)	Probable/possible Systemic autoimmune diseases:

(1)	systemic lupus erythematosus

(2)	rheumatoid arthritis

(3)	Sjogren’s syndrome

(4)	Reiter’s syndrome

(5)	inflammatory myopathies

(6)	systemic sclerosis

(7)	polyarteritis nodosa



c)	Probable/possible organ-specific autoimmune diseases:

(1)	Hashimoto’s thyroiditis

(2)	Autoimmune hemolytic anemia

(3)	autoimmune atrophic gastritis of pernicious anemia

(4)	autoimmune encephalomyelitis

(5)	autoimmune orchitis

(6)	Goodpasture’s syndrome

(7)	Autoimmune thrombocytopenia

(8)	insulin-dependent diabetes mellitus

(9)	myasthenia gravis

(10)	Grave’s disease

(11)	primary biliary cirrhosis

(12)	chronic active hepatitis

(13)	ulcerative colitis

(14)	membranous glomerulonephritis



d)	immunologic tolerance:  a state in which the individual is incapable of developing an immune response to a specific antigen.



(1)	Three mechanisms of immunologic tolerance:



(a)	clonal deletion:  refers to the loss of self-reactive T and B lymphocytes during their maturation.

(i)	e.g.  T lymphocytes that bear receptors for self-antigens are deleted within the thymus during the process of T-cell maturation.  (195)



(b)	clonal anergy:  refers to prolonged or irreversible functional inactivation of lymphocytes, induced by encounter with antigens under certain conditions.

(i)	e.g.  activation of antigen-specific CD4+ T-cells requires 2 signals:  recognition of antigen associated with a MHC II and a set of second co-stimulatory signals provided by antigen presenting cells.

a.	if antigen is presented by cells that do not bear  the co-stimulatory signal (CD28), a negative signal is delivered, and the cell becomes anergic.  (196)



(c)	peripheral suppression by T cells:  

(i)	CD8+ suppressor T-cells are involved.



e)	Four general mechanisms for the loss of self tolerance:  they allow the development of autoimmune diseases.



(1)	Bypass of helper T cell tolerance:

(a)	antigens with similar antigenic deteminants as self-antigens can trigger non-tolerant T-cells, leading to the production of autoantibodies.



(2)	polyclonal lymphocyte activation:

(a)	autoimmunity can occur if anergic clones are stimulated by antigen-independent mechanisms.  (197)



(3)	Imbalance of Suppressor-Helper T-cell function:  

(a)	any loss of suppressor T-cell activity will contribute to autoimmunity.

(b)	excessive T helper cell activity  may drive B cells to extremely high levels of autoantibody production.



(4)	Emergence of a sequestered antigen:  

(a)	induction of tolerance requires interaction between the antigen and the immune system.

(i)	any self-antigen completely sequestered during development may be viewed as foreign.  (198)





2.	Systemic Lupus Erythematosus (SLE):



a)	Four organ systems most often involved in SLE:  skin, joints, kidney, and serosal membranes.



b)	The fundamental defect in SLE is a failure of the regulatory mechanisms that sustain self-tolerance.

(1)	It is characterized by a bewildering array of autoantibodies, particularly antinuclear antibodies (ANAs).  (199)



(2)	Four categories of antinuclear antibodies:

(a)	antibodies to DNA

(b)	antibodies to histones

(c)	antibodies to nonhistone proteins bound to RNA

(d)	antibodies to nucleolar antigens.



(3)	indirect immunofluorescence is the most commonly utilized method to detect ANAs:  it detects a variety of nuclear antigens (DNA, RNA, and proteins)



(a)	Four basic patterns are recognized:  the pattern of nuclear fluorescence suggests the type of antibody present in the serum.

(i)	homogenous or diffuse nuclear staining:  reflects antibodies to chromatin, histones, and occasionally double-stranded DNA.

(ii)	rim or peripheral staining:  indicative of antibodies to double-stranded DNA.



(iii)	speckled pattern:

  

a.	most commonly observed patterns and therefore the least specific.

b.	reflects the presence of antibodies to non-DNA nuclear constituents



(iv)	nucleolar pattern:  represents antibodies to nuclear RNA



(b)	the immunofluorescence test is very sensitive but it is not specific for SLE:

(i)	the test is positive in nearly every patient with SLE, but patients with other autoimmune diseases also are positive to the test.



(c)	antibodies to double-stranded DNA (dsDNA) and the so-called Smith (Sm) antigen are virtually diagnostic of  SLE.



(4)	Patients with SLE may have a false positive syphilis test.

(a)	Lupus patients make antibodies that react with a wide variety of anionic phospholipids.  

(i)	some of these can bind to cardiolipin antigen, used in syphilis serology.  (200)



(5)	“Lupus anticoagulant”:  patients with antiphospholipid antibodies may display abnormalities of in vitro clotting tests.

(a)	despite having a circulating anticoagulant that delays clotting in vitro, these patients have complications associated with a procoagulant state.

(i)	they have venous and arterial thromboses, which may be associated with recurrent spontaneous miscarriages and focal cerebral or ocular ischemia.



c)	General categories of factors which may play a role in the pathogenesis of SLE:

(1)	Genetic factors:  genetic makeup regulates the formation of autoantibodies, but the expression of the disease is influenced by nongenetic factors.  (201)



(2)	Nongenetic factors:  several environmental factors must be involved in the pathogensis of SLE.

(a)	drugs (hydralazine, procainamide, D-penicillamine) can induce an SLE-like response.

(b)	ultraviolet light exacerbates the disease in many individuals.

(c)	sex hormones seem to exert an important influence on the occurrence and manifestations of SLE.

(i)	during the reproductive years, the frequency of SLE is 10 times greater in women than in men, and exacerbation has been noted during normal menses and pregnancy.



(3)	Immunologic factors:  all the immunologic findings in SLE patients suggests that there must be some fundamental derangement of the immune system involved in the pathogenesis of SLE.

(a)	Type III hypersensitivity is the mechanism that mediates most of the visceral lesions in SLE.  (202)

(i)	the visceral lesions in SLE are mediated by immune complexes.



(4)	LE cell:  any phagocytic leukocyte (neutrophil or macrophage) that has engulfed the denatured nucleus of an injured cell.

(a)	if withdrawn blood is agitated, a sufficient number of leukocytes can be damaged, thus exposing their nuclei to ANAs.

(i)	the binding of ANAs to nuclei allows fixation of complement and renders the antibody-coated nuclei strongly chemotactic for phagocytic cells.

(b)	the LE cell test is positive in up to 70%  of SLE patients.



d)	Clinical manifestations of SLE on the various organ systems:  the most characteristic lesions result from the deposition of immune complexes and are found in the blood vessels, kidneys, connective tissue, and skin.  Symptoms and lesions in SLE are highly variable.



(1)	Kidney:  almost all cases of SLE show some renal abnormality.



(a)	Five patterns of glomerular nephritis are recognized:  they are all caused by the deposition of DNA-anti-DNA complexes within the glomeruli.

(i)	normal by light, electron, and immunofluorescence microscopy (class I):  very rare.

(ii)	mesangial lupus glomerulonephritis (class II):  it is the mildest of the lesions.

(iii)	focal proliferative glomerulonephritis (class III):  focal lesions involving only portions of some of the glomeruli.  (204)

(iv)	diffuse proliferative glomerulonephritis (class IV):  most serious renal lesion in SLE.  

(v)	Membranous glomerulonephritis (class V):  widespread thickening of  capillary walls.



(2)	Skin:  it is involved in most SLE cases.

(a)	characteristic erythema affects the facial “butterfly” area in 50%  of patients.

(i)	a similar rash may be seen in the extremities and trunk. 

(ii)	exposure to sunlight incites or accentuates the erythema

(b)	urticaria, bullae, maculopapular lesions, and ulcerations also occur.

(i)	(bullae= bubble)

(c)	Histologically:  involved areas show liquefactive degeneration of the basal layer of the epidermis together  with edema at the dermal junction.

(i)	in the dermis, there is variable edema and perivascular mononuclear infiltrates.



(3)	Joints:  joint involvement is frequent.

(a)	the typical lesion is a nonerosive synovitis with little deformation.

(i)	the lack of deformation distinguishes this arthritis from the one seen in rheumatoid disease.  (205)

(b)	In the acute phase of arthritis in SLE, there is exudation of neutrophils and fibrin into the synovium and a perivascular mononuclear cell infiltrate in the subsynovial tissue.



(4)	CNS:  damage to the endothelium by antiphospholipid antibodies and antibodies against a synaptic membrane protein may play a role.



(5)	Cardiovascular system:  manifested mainly in the form of pericarditis.  (206)

(a)	coronary artery disease may occur, caused by coronary  atherosclerosis.

(i)	the coronary endothelium may be damaged by antiphospholipid antibodies and become predisposed to atherosclerosis.



(6)	Spleen:  it may be moderately enlarged.

(a)	capsular thickening is common, as is follicular hyperplasia.

(b)	plasma cells, containing IgG and IgM, are numerous in the pulp.



(7)	Lungs:  pleuritis and pleural effusions are the most common manifestations.

(a)	affects 50% of SLE patients.

(i)	(effusions= the escape of fluid from its natural vessels into a body cavity)



(8)	other organs and tissues:

(a)	vasculitis may be seen in the portal tracts of the liver accompanied by lymphatic infiltrates, creating portal triaditis.

(b)	LE cells in the bone marrow are indicative of SLE.

(c)	Lymph nodes may be enlarged and contain hyperactive follicles and plasma cells.  (207)



e)	Clinical course of SLE:  it is a multisystem disease.

(1)	typically, the patient is a young woman with a butterfly rash over the face, fever, pain (but no deformity) in peripheral joints, pleuritic chest pain, and photosensitivity.

(2)	But, in many patients SLE is subtle and puzzling.  (207)

(a)	antibodies against double-stranded DNA and Sm antigen are virtually diagnostic of SLE.



(3)	The most common causes of death:  renal failure and intercurrent infections.



f)	Chronic Discoid Lupus Erythematosus:  the skin manifestations mimic SLE, but systemic manifestations are rare.

(1)	35% of these patients show a positive ANA test but antibodies to double-stranded DNA are rarely present.



g)	Subacute Cutaneous Lupus Erythematosus:  presents with the same predominant skin involvement.

(1)	it is characterized by widespread but superficial and nonscarring lesions and mild systemic disease.

(2)	it defines a disease that is an intermediate between SLE and discoid lupus erythematosus.



3.	Sjogren’s Syndrome:  it is a syndrome characterized by dry eyes (keratoconjunctivitis sicca) and dry mouth (xerostomia) resulting from immunologically mediated destruction of the lacrimal and salivary glands.  (208)

a)	Anti-SS-A and Anti-SS-B are the 2 most common antibodies associated with the disease.

(1)	they are considered important serologic markers of the disorder.  (209)



4.	Systemic Sclerosis (Scleroderma):  it is characterized by excessive sclerosis throughout the body.

a)	Two major categories of systemic sclerosis:

(1)	diffuse scleroderma:  characterized by widespread skin involvement at onset, with rapid progression and early visceral involvement.

(2)	localized scleroderma:  associated with relatively limited skin involvement often confined to fingers, forearms, and face.

(a)	visceral involvement occurs late; hence, the clinical course is rather benign.



b)	these patients are said to have the CREST syndrome because of a higher incidence of:

(1)	calcinosis

(2)	Raynaud’s phenomenon

(3)	esophageal dismotility

(4)	sclerodactyly (sclerosis of fingers or toes)

(5)	telangiectasia (chronic dilation of blood vessels)  (210)



5.	Inflammatory Myopathies:  comprise an uncommon, heterogenous group of disorders characterized by possible immunologically mediated injury and inflammation of skeletal muscles.



a)	Three distinct disorders are included in  this group:

(1)	dermatomyositis

(2)	polymyositis

(3)	inclusion-body myositis  (213)



6.	Mixed Connective Tissue Disease (MCTD): disease seen in patients who are identified clinically by the co-existence of features suggestive of SLE, polymyositis, and systemic sclerosis and serologically by high titers of antibodies to RNP particle-containing U1RNP.

a)	the paucity of renal disease and an extremely good response to corticosteroids distinguish MCTD.  (215)

(1)	these factors are also indicative of a good long-term prognosis.



C.	IMMUNOLOGIC DEFICIENCY SYNDROMES:



1.	Primary Immune disorders:  most of them are genetically determined and affect specific immunity (e.g. humoral and cellular) or nonspecific host defense mechanisms mediated by complement proteins and cells such as phagocytes or NK cells.

a)	Six forms of primary immunodeficiency:



(1)	X-linked agammaglobulinemia of Bruton:  one of the most common forms.

(a)	characterized by the virtual absence of serum immunoglobulins.

(b)	severe recurrent infections usually begin at 8 or 9 months of age, when the infant becomes depleted of maternal immunoglobulins.

(i)	it is an X-linked disease restricted to males.

(c)	The most common offending organisms are pyogenic (e.g. staphylococcus, Haemophilus influenzae) and patients have recurrent conjunctivitis, pharyngitis, otitis media, bronchitis, pneumonia, and skin infections.

(d)	Autoimmune diseases occur with increased frequency in these patients:  (e.g.  rheumatoid arthritis, lupus erythematosus, dermatomyositis).



(2)	Common variable immunodeficiency (CVI):  represents a heterogenous group of disorders.

(a)	characterized by hypogammaglobulinemia, generally affecting all the antibody classes.

(i)	unlike X-linked agammalobulinemia of Bruton, most CVI patients have normal numbers of B-cells.  (216)

(b)	the onset of symptoms is later, in childhood or adolescence.

(i)	it affects both sexes equally.

(c)	patients have recurrent bacterial infections.

(i)	they are also prone to severe enteroviral infections, recurrent herpes zoster, and persistent diarrhea caused by Giardia lamblia.

(d)	these patients also have a high frequency of autoimmune disease and increased risk of lymphoid malignancy.



(3)	Isolated IgA deficiency:  it is a very common immunodeficiency.

(a)	affected individuals have extremely low levels of both serum and secretory IgA.

(b)	symptomatic patients commonly present with recurrent sinopulmonary infections and diarrhea.

(i)	mucosal defenses are weakened, and infections occur in the respiratory, gastrointestinal, and urogenital tracts.

(ii)	most individuals with this disease are completely asymptomatic.



(4)	DiGeorge’s Syndrome:  it is a T-cell deficiency that derives from failure of development of the third and fourth pharyngeal pouches (thymus, parathyroids, and parts of the thyroid gland fail to develop).  (217)

(a)	these patients have total absence of cell-mediated immune responses (from lack of thymus), tetany (from lack of parathyroid) and congenital defects of the heart and great vessels.

(i)	they have low levels of circulating T lymphocytes and a poor defense against certain fungal and viral infections.



(5)	Severe Combined Immunodeficiency Diseases (SCID):  heterogenous group.

(a)	characterized by combined T-cell and B-cell defects.

(b)	affected infants are susceptible to recurrent, severe infections by a wide range of pathogens.

(i)	without bone marrow transplantation, death occurs within the first year of life.  (218)



(6)	Immunodeficiency with Thrombocytopenia and Eczema (Wiskott-Aldrich syndrome):

(a)	X-linked recessive disease characterized by thrombocytopenia, eczema, and a marked vulnerability to recurrent infection, ending in early death.

(i)	(eczema= inflammatory disease of the skin with itching and exudation of serous matter.

(b)	the thymus is normal but there is a progressive secondary depletion of T lymphocytes in the peripheral blood and lymph nodes.

(c)	IgM levels are low but IgA and IgE levels are often elevated.  (219)



2.	Secondary (acquired) Immunodeficiency syndrome:  arise as complications of infections; malnutrition; aging; or side effects of immunosuppression, irradiation, or chemotherapy. (216)



a)	AIDS:  a retroviral disease characterized by profound immunosuppression associated with opportunistic infections, secondary neoplasms, and neurologic manifestations.

(1)	Five groups of adults at risk for developing AIDS:

(a)	homosexual or bisexual males

(b)	intravenous drug abusers

(c)	hemophiliacs

(d)	recipients of blood and blood components

(e)	heterosexual contact with members of high risk groups.  (219)

(2)	Mother to infant transmission is the major cause of pediatric AIDS.  (220)



(3)	HIV:  the virus that causes AIDS.

(a)	it is a human retrovirus belonging to the lentivirus family.



(b)	these nontransforming retroviruses have several features in common:

(i)	a long incubation period, followed by a slowly progressive fatal outcome.

(ii)	tropism for hematopoietic and nervous systems

(iii)	an ability to cause immunosuppression

(iv)	cytopathic effects in vivo.  (221)



(c)	Two major targets of HIV:  the immune system and the CNS.



(4)	Immunopathogenesis of HIV disease:  profound immunosuppression, primarily affecting cell-mediated immunity, is the hallmark of AIDS.  this results primarily from a severe loss of CD4+ T-cells.

(a)	the CD4+ molecule is in fact a high-affinity receptor for HIV:  

(i)	the initial step in infection is the binding of gp120 envelope glycoprotein to CD4+ molecules.



(b)	this is followed by fusion of the virus to the cell membrane and internalization.

(i)	fusion requires a postbinding step in which viral gp41 binds to an unidentified membrane component.



(c)	once internalized, the viral genome undergoes reverse transcription, leading to formation of cDNA (proviral DNA).



(d)	In dividing T-cells, the cDNA circularizes, enters the nucleus, and is then integrated into the host genome.

(i)	the provirus may remain locked into the chromosome for months or years

(ii)	alternatively, proviral DNA may be transcribed, with the formation of complete viral particles that bud from the cell membrane, leading to cell death.

a.	initiation of proviral DNA transcription occurs only when the infected cell is activated by an exposure to antigens or cytokines.

i.	this sets up a vicious cycle of cell destruction:  these patients become prone to multiple infections, because of diminished T-helper cell activity, which leads to an increase in HIV production.

ii.	physiologic stimuli that promote activation and growth of normal T-cells lead to death of HIV-infected cells.



(e)	Early in the course of the disease, there is heavy infection of CD4+ T-cells in the lymphoid tissues:  (222)  See fig. 6-39, 223

(i)	CD4+ numbers are greatly reduced in the periphery, but there are not many infected CD4+ cells in the periphery.

a.	the CD4+ cells are being killed in the lymph nodes.

(ii)	Normally the CD4-CD8 ratio is 2, but in HIV it is 0.5

a.	loss of the CD4+ cells (“the master cell”)  has effects on virtually every other cell of the immune system.



(f)	infection of monocytes and macrophages is also extremely important in HIV infection:

(i)	macrophages express low levels of CD4.

(ii)	infected macrophages bud relatively small amounts of virus from the cell surface, but these cells contain large numbers of virus particles located exclusively in intracellular vacuoles.

a.	monocytes and macrophages represent a variable virus factory and reservoir.

b.	follicular dendritic cells (FDCs) in the germinal centers of lymph nodes are also important reservoirs of HIV.  (224)



(g)	AIDS patients also show profound abnormalities of B-cell function:

(i)	paradoxically, these patients have hypergammaglobulinemia and circulating immune complexes owing to polyclonal B-cell activation.

(ii)	Despite the presence of spontaneously activated B-cells, patients with AIDS are unable to mount an antibody response to a new antigen.  (225)



(5)	Pathogenesis of CNS involvement:

(a)	macrophages and cells belonging to the monocyte and macrophage lineage (microglia) are the predominant cell types in the brain that are infected by HIV

(b)	HIV isolated from the brain constitute a special subgroup of the AIDS virus.

(i)	These strains grow equally well in macrophages and T cells.



a.	it may be that the risk of CNS damage depends on the strain of HIV.  (226)



(6)	Three phases of HIV infection:

(a)	early, acute phase:  represents the initial response of an immunocompetent adult to HIV infection.



(i)	characterized initially by a high level of virus production, viremia, and widespread seeding of the lymphoid tissues.

a.	the initial infection is readily controlled by the development of an antiviral immune response.

(ii)	this phase is associated with self-limited acute illness:

a.	there are nonspecific symptoms such as sore throat, myalgias, fever, rash, and sometimes aseptic meningitis.



(iii)	there is a transient period of active viral replication associated with an abrupt, sometimes severe, reduction in CD4+ T-cells and increased viral load.

(iv)	However, a virus-specific immune response develops, evidenced by seroconversion and the development of CD8+ T-cells.

a.	this is responsible for the containment of HIV infection.



(v)	CD4+ T cells return to nearly normal numbers, signaling the end of the early acute phase.

(vi)	Although plasma viremia declines, there is widespread dissemination and seeding of the virus, especially in the lymphoid organs.



(b)	Middle, chronic phase:  relative containment of the virus.



(i)	the immune system is largely intact, but there is smoldering, low-level HIV replication, predominantly in the lymphoid tissues, which may last for several years.

(ii)	Patients are either asymptomatic or develop persistent generalized lymphadenopathy.

a.	constitutional symptoms are either absent or mild.



(iii)	proviral DNA can be found in a large number of CD4+ T cells and macrophages within the lymph nodes, and viral particles are readily detected on FDCs.



(iv)	there is a continuing battle between HIV and the immune system.

a.	viral replication is restrained but not absent.

b.	there is a gradual decline of CD4+ T cells at a rate of 50-100 cells/(l per year.



(c)	the final or crisis phase:  characterized by a breakdown of the host defense.



(i)	viral replication increases rapidly and there is clinical disease.

(ii)	patients present with long lasting fever, fatigue, loss of weight, and diarrhea.



(iii)	CD4+ count is reduced

(iv)	after a variable period, serious opportunistic infection, secondary neoplasms, or clinical neurologic disease supervenes, and the patient is said to have developed AIDS.

a.	CDC guidelines state that any HIV-infected patient with a CD4+ count below 200 has AIDS. (227-228)  see fig 6-42.



(7)	Common infections and Neoplasms affecting AIDS patients:

(a)	Infections:

(i)	Protozoal and Helminthic infections:

a.	cryptosporidiosis or isosporidiosis (enteritis)

b.	pneumocystis (pneumonia or disseminated infection)

c.	toxoplasmosis (pneumonia or CNS infection)



(ii)	Fungal infections:

a.	candidiasis (esophageal, tracheal, or pulmonary)

b.	cryptococcosis (CNS infection)

c.	coccidioidomycosis (disseminated)

d.	histoplasmosis (disseminated)



(iii)	Bacterial infections:

a.	Mycobacteriosis (atypical)

b.	nocardiosis (pneumonia, meningitis, disseminated)

c.	Salmonella infections, disseminated



(iv)	Viral infections:

a.	cytomegalovirus (pulmonary, intestinal, retinitis, or CNS)

b.	Herpes simplex virus (localized or disseminated)

c.	Varicella-zoster virus (localized or disseminated)

d.	Progressive multifocal leukoencephalopathy



(v)	Neoplasms:  

a.	Kaposi’s sarcoma

b.	Non-Hodgkins lymphomas (Burkitt’s, immunoblastic)

c.	Primary lymphoma of the brain

d.	Invasive cancer of uterine cervix.  table 6-10, 228



D.	AMYLOIDOSIS:  it is a group of diseases having in common the deposition of similar-appearing proteins.



1.	Amyloid:  it is a pathologic proteinaceous substance, deposited between cells in various tissues and organs of the body in a wide variety of clinical settings.

a)	The histologic diagnosis of amyloid is based almost entirely on its staining characteristics:  

(1)	the most commonly used staining technique utilizes the dye Congo red, which under light microscope imparts a pink or red color to amyloid deposits.

b)	Under the light microscope, amyloid appears as an amorphous, eosinophilic, hyaline, extracellular substance that, with progressive accumulation, encroaches on and produces pressure atrophy of adjacent cells.

c)	X-ray crystallography  demonstrates a characteristic cross beta-pleated sheet conformation.

(1)	this is responsible for the distinctive staining and birefringence of Congo-red stained amyloid.



d)	The 2  most common forms of amyloid fibril proteins:

(1)	AL:  amyloid light chain, it is derived from plasma cells and contains Ig light chains.

(2)	AA:  amyloid associated, it is synthesized by the liver.  (231)



2.	Eight classes of Amyloidosis:

a)	Systemic:

(1)	Immunocyte dyscrasias with amyloidosis (primary amyloidosis)

(2)	Reactive systemic amyloidosis (secondary amyloidosis)

(3)	Hemodialysis-associated amyloidosis

(4)	Hereditary amyloidosis:

(a)	Familial Mediterranean fever

(b)	Familial amyloidotic neuropathies

b)	Localized:

(1)	senile cardiac

(2)	senile cerebral

(3)	endocrine

(a)	medullary carcinoma of thyroid

(b)	islet of Langerhans

(4)	isolated atrial amyloidosis.  Table 6-11, 233



3.	General pathogenesis of various amyloidosis:

a)	reactive systemic amyloidosis:  long-standing tissue destruction and inflammation lead to elevated SAA levels.

(1)	increased production of SAA by itself is not sufficient for the deposition of amyloid.

(a)	SAA is normally degraded to soluble products by monocyte-derived enzymes.

(2)	individuals who develop amyloidosis may have an enzyme defect that results in incomplete breakdown of SAA.

(3)	alternatively, a genetic abnormality in SAA may render it resistant to degradation by monocytes.



b)	Familial amyloidosis:  Transthyretin is found in amyloid deposits.

(1)	it does not result from overproduction of transthyretin, but may result from genetic alterations that render transthryetin prone to abnormal aggregation and proteolysis.  (235)  see fig 6-45, 235.



c)	Organ systems in which involvement of amyloid is most serious and life threatening:

(1)	Renal involvement is the dominating and most life-threatening feature of most cases of systemic amyloidosis.

(2)	Cardiac amyloidosis:  when symptomatic, the typical presentation is the insidious onset of congestive heart failure.

(a)	the most serious aspects are the conduction disturbances and arrhythmias that may prove fatal.  (237)



d)	the prognosis for patients with generalized amyloidosis is poor:

(1)	those with immunocyte-derived amyloidosis have a median survival of 2 years after diagnosis.

(2)	patients with myeloma associated amyloidosis have a poorer diagnosis.  (238)





VI.	SECTION F:  NEOPLASIA



A.	GENERAL FEATURES:



1.	Neoplasia:  new growth

a)	tumor:  the term was originally applied to the swelling caused by inflammation, the term is now equated with neoplasm.

b)	cancer:  the common term for all malignant tumors (241)



c)	adenoma:  term applied to the benign neoplasm that forms glandular patterns, as well as to tumors derived from glands but not necessarily reproducing glandular patterns.



(1)	cystadenomas:  adenomas that form large cystic masses.



(2)	papilloma:  benign epithelial neoplasms producing microscopically or macroscopically visible finger-like or warty projections from the epithelial surface.



(3)	polyp:  a neoplasm (benign or malignant) that produces a macroscopically visible projection above a mucosal surface and projects, for example, into the gastric or colonic lumen.



d)	malignant tumors:

(1)	sarcoma:  malignant tumors arising in mesenchymal tissue.



(2)	carcinoma:  malignant neoplasms of epitheilial cell origin, derived from any of the 3 germ layers.



(3)	teratoma:  tumor made up of a variety of parenchymal cell types representative of more than one germ layer, usually all 3.



e)	Nomenclature of malignant and benign tumors:  See Table 7-1,244

(1)	if it ends in -oma it is generally benign: also adenoma, angioma, papilloma are benign.

(2)	if it ends in sarcoma (mesenchymal tumor) or carcinoma (epithelial tumors) it is malignant.

(3)	Exceptions:

(a)	melanomas:  carcinoma of melanocytes.

(b)	seminomas:  carcinomas of testicular origin

(c)	lymphoma:  sarcoma of lymphoid tissue.  (243)



2.	Characteristics of Neoplasms:



a)	differentiation:  refers to the extent to which parenchymal cells resemble comparable normal cells, both morphologically and functionally.



(1)	anaplasia:  lack of differentiation.

(a)	it is marked by a number of morphologic and functional changes.

(i)	both the cells and nuclei display pleomorphism:

a.	pleomorphism:  variation in size and shape.

(ii)	characteristically the nuclei contain an abundance of DNA and are hyperchromatic.

a.	hyperchromatic:  extremely dark staining.  (246)

(2)	dysplasia:  term used to describe disorderly but non-neoplastic proliferation.

(a)	it is a loss in the uniformity of the individual cells as well as a loss in their architectural orientation.  (247)



b)	Benign Tumors:

(1)	rate of growth:  most benign tumors grow slowly over a period of years.

(2)	local invasion:  nearly all benign tumors grow as cohesive expansile masses that remain localized to their site of origin and do not have the capacity to infiltrate, invade, or metastasize to distant sites, as do malignant tumors.

(a)	because they grow and expand slowly, they usually develop a rim of compressed connective tissue, sometimes called a capsule, that separates them from the host tissue.

(3)	metastasis:  benign tumors do not metastasize.



c)	Malignant tumors:

(1)	Rate of growth:  the growth rate of tumors correlates with their level of differentiation, and thus most malignant tumors grow more rapidly than do benign lesions.

(2)	Local invasion:  the growth of cancers is accompanied by progressive infiltration, invasion, and destruction of the surrounding tissue.

(a)	In general, they are poorly demarcated from the surrounding normal tissue.

(3)	Metastasis:  the invasiveness of cancers permits them to penetrate into blood vessels, lymphatics and body cavities, providing the opportunity to spread.

(a)	With  few exceptions, all cancers can metastasize.  (248-250)



(b)	Development of metastases and invasiveness are the most reliable features that differentiate malignant from benign tumors.  (249)



(c)	Three pathways of cancer spread:

(i)	Seeding of Body cavities and surfaces:  may occur whenever a malignant neoplasm penetrates into a natural open field.

a.	The peritoneal cavity is most often involved, but any other cavity (pleural, pericardial, subarachnoid, and joint spaces) may be affected.



(ii)	Lymphatic Spread:  transport through lymphatics is the most common pathway for the initial dissemination of carcinomas.  (250)



(iii)	Hematogenous spread:  this pathway is typical of sarcomas.

a.	Veins are more easily penetrated than are arteries.  (251)



3.	Epidemiology of neoplasia:



a)	The 3 most common cancers in males:  prostate, lung, and colon or rectal cancer.

b)	The 3 most common cancers in females:  breast, lung, and colon or rectal cancer.  (Fig. 7-18)



c)	Two categories of neoplasms are responsible for the majority of cancer related deaths in children under the age of 15:  acute leukemia and neoplasms of the CNS.



d)	Inherited predisposition to cancer can be divided into 3 categories:

(1)	Inherited Cancer syndromes:  inheritance of a single mutant gene greatly increases the risk of developing a tumor.  Examples:

(a)	Familial retinoblastoma

(b)	Familial adenomatous polyps of the colon

(c)	Multiple endocrine neoplasia syndromes

(d)	Neurofibromatous types I and II

(e)	Von Hippel-Lindau syndrome



(2)	Familial cancers:  they are not associated with specific marker phenotypes.  They are characterized by an early age of onset.   Examples:

(a)	Breast cancer

(b)	Ovarian cancer

(c)	Colon cancers other than familial adenomatous polyps.



(3)	Autosomal recessive syndromes of defective DNA repair:  characterized by chromosomal or DNA instability.  Examples:

(a)	Xeroderma pigmentosum

(b)	Ataxia-telangectasia

(c)	Bloom’s syndrome

(d)	Fanconi’s anemia  Table 7-5, 257  (255-256)



e)	Preneoplastic conditions:  because cell replication is involved in cancerous transformation:  regenerative, hyperplastic, and dysplastic proliferations can lead to a malignant neoplasm.

(1)	There is an association between certain forms of endometrial hyperplasia and endometrial carcinoma and between cervical dysplasia and cervical carcinoma.

(2)	The bronchial mucosal metaplasia and dysplasia of smokers are ominous antecedents of bronchogenic carcinoma.

(3)	Most hepatocellular carcinomas arise in cirrhotic livers, which are characterized by parenchymal regeneration.  (257)



4.	Molecular basis of Cancer:



a)	Nonlethal genetic damage lies at the heart of carcinogenesis and may occur in 2 ways:

(1)	It may be caused by the action of environmental agents (chemicals, radiation, or viruses)

(2)	It may be inherited in the germ line.



b)	Two classes of regulatory genes are the primary targets of genetic damage:

(1)	The growth promoting proto-oncogenes

(2)	The growth inhibiting cancer suppressor genes (antioncogenes)  (258)





c)	Proto-oncogenes:  cellular genes that promote normal growth and differentiation.



(1)	Oncogenes:  cancer-causing genes, they are derived from proto-oncogenes.



(2)	Oncoproteins:  the protein products of oncogenes.

(a)	They resemble the normal products of proto-oncogenes, except that they are devoid of important regulatory elements and their production in the transformed cell does not depend on growth factors or  other external signals.  (259)



(3)	Proto-oncogenes and the diseases associated with them:



(a)	Sis:  astrocytoma, osteosarcoma

(b)	Hst-1:  stomach cancer

(c)	Int-2:  bladder and breast cancer, melanoma

(d)	Erb-B1:  squamous cell carcinomas of lung

(e)	Erb-B2:  breast, ovarian, lung, and stomach cancer

(f)	Ras:  lung, colon, pancreas, etc; and many leukemias

(g)	Abl:  chronic myeloid leukemia, acute lymphoblastic leukemia

(h)	Myc:  burkitt’s lymphoma

(i)	N-myc:  neuroblastoma, small cell carcinoma of lung  See Table 7-6, 260



(4)	Two broad categories of changes transform proto-oncogenes into oncogenes:



(a)	Changes in the structure of the gene:  results in the synthesis of an abnormal gene product (oncoprotein) having an aberrant function.



(b)	Changes in the regulation of gene expression:  results in enhanced or inappropriate production of the structurally normal growth-promoting protein.



(5)	Activation of proto-oncogenes:



(a)	Point mutations:  the ras oncogene represents the best example of activation by point mutations.



(b)	Chromosomal translocations:  rearrangement of genetic material brought about by chromosomal translocation usually results in overexpression of proto-oncogenes, but in some cases the gene may incur structural changes as well.  (264)



(c)	Gene amplification:  activation of proto-oncogenes associated with overexpression of their products may result from reduplication and manifold amplification of their DNA sequences.



d)	Tumor-suppressor genes:  the physiologic function of these genes is to regulate cell growth.

(1)	The loss of these genes is a key event in many tumors.



(2)	Knudson’s “two hit” hypothesis:  to explain the fact that there were both familial and sporadic cases of retinoblastoma.

(a)	He proposed that in hereditary cases:  (265)

(i)	One genetic change is inherited from an affected parent (1st hit)

(ii)	The 2nd mutation occurs in 1 of many retinal cells (2nd hit)

(b)	In sporadic cases:

(i)	Both mutations occur somatically within a single retinal cell.  (266)



5.	Biology of Tumor Growth:



a)	The natural history of most malignant tumors can be divided into 4 phases:

(1)	Transformation:  malignant change in the target cell.

(2)	Growth of the transformed cells.

(3)	Local invasion

(4)	Distant metastases  (272)



b)	Growth fraction:  the proportion of cells within the tumor population that are in the proliferative pool, that is they are actively dividing.



(1)	The growth fraction of tumor cells has a profound effect on their susceptibility to chemotherapy:

(a)	Most anticancer agents act on cells that are actively synthesizing DNA, thus cells with a high growth fraction are more susceptible to chemotherapy.  (274)



c)	Angiogenic factors are important in tumor growth:  tumor growth is absolutely dependent on vascularization.

(1)	Angiogenesis provides nutrition and is critical for the distant spread of tumors.



d)	Tumor progression:  increasing malignancy (accelerated growth, invasiveness,  and metastatic capability) is often acquired in an incremental fashion.

(1)	e.g.  in many tumors there is an orderly progression from preneoplastic lesions to benign tumors, and ultimately invasive cancers.  (275)



e)	Two biological hallmarks of malignant tumors:  invasion and metastasis.



f)	Invasion of the extracellular matrix:  there are 4 steps in the interaction of invading tumor cells with the extracellular matrix.



(1)	Detachment:  loosening of the tumor cells from each other.

(2)	Attachment to matrix components

(3)	Degradation of ECM

(4)	Migration of tumor cells.  (276)



g)	Organ tropism:  3 possible mechanisms explain why some tumors preferentially metastasize to certain organs.

(1)	The first step in extravasation is adhesion to the endothelium, tumor cells may express adhesion molecules specific for the endothelial cells of the target organ.

(2)	Some target organs may liberate chemoattractants that tend to recruit tumor cells to the site.

(3)	Some tissues may have unpermissive environments, unfavorable for the growth of tumor seedlings.  (279)



6.	Carcinogenic Agents:



a)	Chemical carcinogenesis:  cancer induction can be broadly divided into 2 stages.



(1)	Initiation:  results from exposure of cells to appropriate doses of a carcinogenic agent.

(a)	Initiators cause permanent DNA damage.  

(i)	It is rapid and irreversible and has “memory”.

(b)	Because initiators cause irreversible damage, multiple divided doses achieve the same result as a comparable one-time dose.



(c)	Chemicals that initiate carcinogenesis fall into 2 categories:

(i)	Direct-acting carcinogens:  do not require chemical transformation for their carcinogenicity.



(ii)	Indirect-acting or procarcinogens:  require metabolic conversion to produce ultimate carcinogens.

a.	Ultimate carcinogen:  they are capable of transforming cells.



(d)	The initiated cell:  changes in DNA are not enough to produce an initiated cell.

(i)	For the change to be heritable, the damaged DNA template must be replicated.

(ii)	Thus, for initiation to occur, carcinogen-altered cells must undergo at least one cycle of proliferation, so that the change in DNA becomes “fixed” or permanent.  (282)



(e)	All direct-acting and ultimate carcinogens have 1 property in common:

(i)	They are highly reactive electrophiles (have electron-deficient atoms) that can react with nucleophilic (electron-rich) sites in the cell.



(2)	Promotion:  

(a)	Promotors can induce tumors in initiated cells, but they are nontumorigenic by themselves.

(i)	Unlike initiators, they do not effect DNA and their effects are reversible.  See fig. 7-36, 281  (280-281)

(ii)	They have a threshold level and widely spaced doses have no effect.



(b)	Although promotors are not mutagenic, they do contribute to carcinogenesis:

(i)	Application of promotors leads to proliferation and clonal expansion of initiated (mutated) cells.

a.	These cells have reduced growth factor requirements and may be less responsive to growth inhibitory signals.

b.	Forced to proliferate, the initiated clone of cells suffers additional mutations, developing eventually into a malignant tumor.  (283)



(3)	Ames test:  measures the mutagenic potential of chemicals.

(a)	This test uses the ability of a chemical to induce mutations in the bacterium Salmonella typhimurium.

(b)	Most (70-90%) of known chemical carcinogens score positive in the Ames test.

(i)	The vast majority of initiating chemicals are mutagenic.



(4)	Five general classes of carcinogenic chemicals:



(a)	Alkylating agents: 

(i)	Beta-propiolactone

(ii)	Dimethyl sulfate

(iii)	Anticancer drugs

(b)	Acylating agents:

(i)	1-acetyl-imidazole

(ii)	dimethylcarbamyl chloride

(c)	polycyclic and heterocyclic aromatic hydrocarbons:

(i)	Benz(a) anthracene

(ii)	3-methylcholanthrene

(d)	aromatic amines, amides, Azo dyes:

(i)	2-napthylamine

(ii)	benzidine

(e)	Natural plant and microbial products:

(i)	aflatoxin B1

(ii)	cycasin

(iii)	betel nuts  See table 7-8, 282



b)	Tumors associated with exposure to the following antigens:

(1)	Beta-naphthylamine:  associated with bladder cancer

(a)	It is an aniline dye used in the rubber industry.  (283)

(2)	Aflatoxin B1:  associated with hepatocellular carcinoma.

(a)	It is produced by some strains of Asperigillus flavus that thrive on improperly stored grains and peanuts.

(3)	Vinyl chloride:  associated with an extremely rare hemangiosarcoma of the liver.

(a)	It is the monomer from which polyvinyl chloride is formed.



c)	Three skin tumors associated with exposure to ultraviolet rays:

(1)	Squamous cell carcinoma

(2)	Basal cell carcinoma

(3)	Melanocarcinoma of the skin  (284)



d)	The most common radiation induced cancer:  leukemias



e)	Inherited disorders involving defects in DNA repair and also show a predisposition to cancer:

(1)	Xeroderma pigmentosum

(2)	Bloom’s syndrome

(3)	Ataxia-telangiectasia

(4)	Fanconi’s anemia  (285)



f)	Human DNA viruses which have been implicated in causing cancer:

(1)	Papilloma virus:  

(a)	most often associated with squamous cell carcinoma of the cervix and anogenital region.

(2)	Epstein-Barr virus (EBV):  associated with 4 cancers.

(a)	The African form of Burkitt’s lymphoma

(b)	B-cell lymphomas in immunosuppressed patients

(c)	Some cases of Hodgkin’s disease

(d)	Nasopharyngeal carcinomas  (287)



(3)	Hepatitis B virus (HBV):  (286)

(a)	Associated with liver cancer (hepatocellular carcinoma)



g)	Human T-cell Leukemia Virus Type I (HTLV):  the only RNA virus that has been implicated with cancer.

(1)	It is associated with a form of T-cell leukemia/lymphoma.  (289)



7.	Host Defense Against Tumors:  



a)	Tumor-specific antigens (TSA):   they are present only on tumor cells and not on any normal cells.

(1)	Many chemically induced tumors express these “private” or “unique” antigens not shared by other identical tumors induced by the same chemical.

(a)	The uniqueness of TSAs results from the fact that in each tumor a different array of normal cellular genes is randomly affected by mutations.

(2)	TSAs are derived from mutant forms of normal cellular proteins.

(3)	TSAs may also be generated by gene activation.

(a)	Mutation may lead to transcription of a gene that is normally silent.  (291)



b)	Tumor-associated antigens (TAA):   they are present on tumor cells and also on some normal cells.

(1)	The majority of tumor antigens are TAAs

(2)	They do not evoke an immune response.



c)	Antitumor Effector Mechanisms:   both cell-mediated and humoral immunity can have antitumor activity.

(1)	Cytotoxic T lymphocytes:  they play a protective role, chiefly against virus-associated neoplasms.



(2)	NK cells:  they are lymphocytes capable of destroying tumor cells without prior sensitization.

(a)	They can lyse a wide range of human tumors, including those that are nonimmunogenic.

(b)	They may provide the 1st line of defense against many tumors.  (292)



(3)	Macrophages:  

(a)	T cells and macrophages may collaborate in antitumor reactivity because interferon gamma (IFN-(), a T-cell derived cytokine, is a potent activator of macrophages.



(4)	Humoral mechanisms may also participate in tumor cell destruction by 2 mechanisms:

(a)	Activation of complement

(b)	Induction of ADCC by NK cells.  (293)





8.	Clinical Features of Tumors:



a)	Adverse local and hormonal effects of neoplams on the host:  both malignant and benign tumors can have adverse effects.



(1)	Pituitary adenoma:  although benign, expansile growth can destroy the remaining pituitary.

(2)	Cancers arising within or metastatic to an endocrine gland may cause endocrine insufficiency.

(3)	Neoplasms of the gut can cause obstruction.

(4)	Neoplasms arising in endocrine glands can lead to excessive production of hormones:

(a)	These neoplasms are usually benign.

(5)	The growth of a tumor on a natural surface, such as the skin or mucosa of the gut, may cause ulceration, secondary infections, and bleeding.



b)	Cachexia:  a wasting syndrome commonly seen in cancer patients.

(1)	It consists of a progressive loss of body fat and lean body mass accompanied by profound weakness, anorexia, and anemia.



c)	Paraneoplastic syndrome:  they occur in 10% of advanced malignant disease.

(1)	It consists of symptom complexes in cancer-bearing patients that cannot readily be explained, either by the local or distant spread of the tumor or by the elaboration of hormones indigenous to the tissue from which the tumor arose.

(a)	They may represent the earliest manifestation of an occult neoplasm.

(b)	They may represent significant clinical problems and may even be lethal.

(c)	They may mimic metastatic disease and therefore confound treatment.



d)	Endocrinopathies are frequently encountered paraneoplastic syndromes.

(1)	Cushings syndrome has a strong association with small cell carcinoma of the lung.



e)	Hypercalcemia is the most common paraneoplastic syndrome.

(1)	Two general processes are involved:



(a)	Osteolysis induced by cancer:  can be primary in bone, or metastatic.

(b)	Production of calcemic humoral substances by extraosseous neoplasms.

(i)	e.g.  Parathyroid hormone-related peptide (PTHrP) can be produced at increased levels by a tumor.  (295)







f)	Migratory thrombophlebitis:  this is a vascular manifestation that can occur in association with deep-seated cancers.

(1)	It is most often associated with carcinomas of the lung or pancreas.



g)	Grading of Tumors:  expresses the level of differentiation of a tumor.

(1)	Grading of a cancer is based on the degree of differentiation of the tumor cells and the number of mitosis within the tumor.

(a)	These are presumed to correlate with a tumors aggressiveness.

(2)	Cancers are classified as grades I to IV with increasing anaplasia.

(3)	Grading of cancers has proved of less clinical value than has staging.



h)	Staging of tumors:  expresses the extent of spread of a cancer within a patient.

(1)	The staging of cancers is based on the size of the primary lesion, its extent of spread to regional lymph nodes, and the presence or absence of blood-borne metastases.



(2)	Two major staging systems are currently in use:

(a)	TNM system:  employed by the Union Internationale Contre Cancer (UICC)

(i)	T= primary tumor

a.	T1-T4 indicates increasing size of the primary lesion.



(ii)	N= regional lymph node involvement

a.	N0= no nodal involvement, N1-N3= increasing nodal involvement.



(iii)	M= metastases



(b)	AJC system:  employed by the American Joint Council (AJC)

(i)	They divide all cancers into stages 0-IV.

a.	Each stage encorporates the size of the primary lesion as well as the presence of nodal spread and distant metastases. (297)



9.	Laboratory Diagnosis of Cancer:



a)	Three sampling approaches are available:

(1)	Excision or biopsy

(2)	Needle aspiration



(3)	Cytologic smears:  the “Pap” (papanicolaou) smear is often used for discovery of carcinoma of the cervix.

(a)	It is also used with many other forms of suspected malignancy:  

(i)	endometrial carcinoma, bronchogenic carcinoma, bladder and prostatic tumors, gastric tumors  

(ii)	for the identification of tumor cells in abdominal, pleural, joint, and cerebrospinal fluids.  (298)

b)	contributions of immunocytochemistry, molecular biology, and flow cytometry towards the diagnosis of neoplasms.



(1)	Immunocytochemistry:  the availability of specific monoclonal antibodies has greatly facilitated the identification of cell products or surface markers.



(a)	Antibodies directed against intermediate filaments have proved to be of value in the classification of otherwise poorly differentiated tumors.

(b)	It has also proved useful in the identification and classification of tumors arising from T and B lymphocytes and from mononuclear phagocytic cells.

(c)	It can also be used for detection of molecular changes (gene mutations) within the tumor.



(2)	Molecular Biology:  molecular techniques have been applied for diagnosis or in some cases predicting behavior of tumors.

(a)	It is possible to identify T and B-cell neoplasms based on clonal rearrangement of their receptor genes by using Southern blot analysis.

(b)	Extent of amplification of oncogenes can be detected by southern blot analysis of tumor DNA or northernn blot analysis of tumor RNA.  (299)



(3)	Flow cytometry:  identification of cell surface antigens by flow cytometry is widely utilized in the classification of leukemias, and lymphomas.



c)	Tumor Markers:  they are biochemical indicators of the presence of a tumor.

(1)	They include cell surface antigens, cytoplasmic proteins, enzymes, and hormones.

(a)	In clinical practice however, the term usually refers to a molecule that can be detected in plasma or other body fluids.



(2)	Tumor markers cannot be construed as primary modalities for the diagnosis of cancer:

(a)	Their main utility in clinical medicine has been as a laboratory test to support the diagnosis.

(b)	Some tumor markers are also of value in determining the response to therapy and in indicating relapse during the follow-up period.



(c)	Carcinoembryonic antgen (CEA):  it is normally produced in embryonic tissue of the gut, pancreas, and liver.

(i)	It is a complex glycoprotein that is elaborated by many different neoplasms:

a.	60-90% of colorectal carcinomas are CEA positive.

b.	50-80% of pancreatic carcinomas, etc.



(d)	Alpha-fetoprotein (AFP):  another well established tumor marker.

(i)	Abnormal plasma elevations are encountered in adults with cancer arising principally in the liver and germ cells of the testis.  (301)





VII.	SECTION G:  INFECTIOUS DISEASES



A.	HOST BARRIERS TO INFECTION:



1.	How organs provide barriers to infection:  

a)	Respiratory tract:  microorganisms (viruses, bacteria, fungi) are inhaled every day.

(1)	Most of the larger inhaled microbes are trapped in the mucociliary blanket of the upper air passages.

(2)	Those that manage to reach the trachea are either coughed up or pushed backward toward the throat by ciliary action, then swallowed and cleared.

(3)	Only particles 5(m or smaller reach the alveoli, where they are attacked and interiorized by alveolar macrophages or by neutrophils attracted to the site by cytokines



b)	Gastrointestinal tract:  most GI pathogens are transmitted by food or drink contaminated with fecal material.

(1)	Normal defenses against ingested pathogens include:

(a)	Acid gastric juice

(b)	The viscous mucous layer covering the gut

(c)	Lytic pancreatic enzymes and bile detergents

(d)	Secreted IgA antibodies  (312)

(2)	Also, pathogenic organisms must compete for nutrients with abundant commensal bacteria resident in the lower gut, and all gut microbes are intermittently expelled.



c)	Urogenital tract:  

(1)	Even though urine can support the growth of many bacteria, the urinary tract is normally sterile.



d)	Skin:  normally inhabited by many bacterial and fungal species.

(1)	The rich cutaneous flora maintains itself in metabolic equilibrium and thus inhibits overgrowth of any single resident species or virulent newcomer pathogen.

(2)	Also, the dense, keratinized outer skin layer bearing resident microbes is constantly being shed.



2.	Spread and dissemination of microbes:  sometimes the major manifestations of infectious disease arise at sites distant from those of parasite entry.

a)	Once implanted the spread of microbes on the surface of moist and warm mucosae is faster than on cool and dry skin.

(1)	Microbial spread initially follows tissue planes of least resistance.

b)	Superficial pathogens:  some stay confined to the lumen of hollow viscera, others adhere to or proliferate exclusively in or on epithelial cells.

c)	Invasive pathogens:  they have the ability to invade the interstitium by virtue of their motility or lytic enzyme production.

d)	Microbes may also ascend the lymphatics from their entry site to the regional nodes and hence into the bloodstream.  (313)



3.	Transmission of microbial pathogens from one host to another:  for transmission to occur, microbial pathogens must be able to leave the host organism.

a)	Release may be accomplished by skin shedding, mucosal contact, coughing, sneezing, shouting, or voiding of urine or feces.



(1)	Contagious:  used to describe those microbes that are directly transmissible from person to person via contact or aerosol.

(2)	Viruses infecting the salivary glands are released primarily by kissing or spitting.

(3)	Other pathogens are infective mainly by prolonged, intimate or mucosal contact, as occurs during sexual transmission.



(4)	Bacteria and fungi transmitted by the respiratory route are infective only when lesions are open to the airways and not via “closed lesions”.



B.	HOW MICROORGANISMS CAUSE DISEASE:



1.	Infectious agents damaage host tissues in 3 general ways:

a)	They can contact or enter host cells and directly cause cell death.

b)	They may release endotoxins or exotoxins that kill cells at a distance, release enzymes that degrade tissue components, or damage blood vessels and cause ischemic necrosis.  (315)

c)	They induce host-cellular responses that, although directed against the invader, may cause additional tissue damage, including suppuration, scarring, and hypersensitivity reactions.



2.	Viruses kill host cells in a number of ways:



a)	Viruses inhibit host cell DNA, RNA, or protein synthesis.

b)	Viral proteins insert into the host cell’s plasma membrane and directly damage its integrity or promote cell fusion.

c)	Viruses replicate efficiently and lyse host cells

d)	Slow virus infections culminate in severe progressive disease after a long latency period.

e)	Viral proteins on the surface of the host cells are recognized by the immune system, and the host lymphocytes attack the virus-infected cells.

f)	Viruses damage cells involved in host antimicrobial defense, leading to secondary infections.

g)	Viral killing of 1 cell type causes the death of other cells that depend on them.

h)	Viruses cause cell transformation, which results in neoplastic growth.



3.	Two general bacterial characteristics control their ability to damage host tissues:  their ability to adhere to and enter host cells or deliver bacterial toxins.



4.	Bacterial adhesins and toxins:



a)	Bacterial adhesins:  they bind bacteria to host cells.  (316)



b)	Bacterial endotoxin:  it is a lipopolysaccharide (LPS) that is a structural component in the outer cell wall of gram-negative bacteria.

(1)	All biological activities of LPS are mediated by induction of host cytokines, including TNF and IL-1.  



c)	Bacterial exotoxin:  they are produced and secreted by bacteria.  (318)



C.	IMMUNE EVASION BY MICROBES:



1.	Microorgansims can escape the immune system by 4 mechanisms:



a)	Inaccessibility to the immune response

b)	Resistance to complement-mediated lysis and phagocytosis

c)	Varying or shedding antigens

d)	Causing specific or non-specific immunosuppression  (319)



D.	SPECIAL TECHNIQUES FOR DIAGNOSING INFECTIOUS AGENTS:

1.	Know which techniques are used for identifying the various pathogens:  Table 8-5, 320

a)	Gram stain:	most bacteria

b)	Acid-fast stain:	Mycobacteria, Nocardia (modified)



c)	Silver stains:	Fungi, Legionella, Pneumocystis



d)	Periodic acid-Schiff:	Fungi, amebae

e)	Mucicamine:		Cryptococci



f)	Giemsa:			Camplyobacteria, Leishmania, malaria

g)	Antibody probes:		viruses rickettsiae



h)	Culture:		All classes

i)	DNA probes:	viruses, bacteria, protozoa.



E.	SPECTRUM OF INFLAMMATORY RESPONSES TO INFECTION: 

1.	There are 5 microscopic patterns of inflammation seen in response to infection: they are determined by the interaction between the microrganism and the host.



a)	Suppurative (polymorphonuclear) inflammation:  it is characterized by increased vascular permeability and leukocytic (predominantly neutrophilic) infiltration.

(1)	Evoked by “pyogenic” bacteria:  mostly extracellular gram-positive cocci and gram-negative rods.

(a)	The neutrophils are attracted to the site of infection by chemoattractants from these rapidly dividing cells.

(i)	Chemoattractants include secreted bacterial peptides,which contain N-formyl residues that are recognized by specific neutrophil receptors



(b)	Alternatively, bacteria attract neutrophils indirectly by releasing endotoxin that stimulates macrophages to secrete IL-1 or TNF, or by cleaving complement



b)	Mononuclear or Granulomatous inflammation:  diffuse predominantly mononuclear interstitial infiltrates that occur in response to viruses, intracellular bacteria, spirochete, intracellular parasites, or helminths.

(1)	Granulomatous inflammation:  occurs when aggregates of altered macrophages form, sometimes around a central necrotic focus, or fuse together to form a giant cell.

(a)	They are evoked by relatively slowly dividing infectious agents or by those of relatively large size in the presence of T-cell mediated immunity.  (320)



c)	Cytopathic-Cytoproliferative inflammation:  they are characteristic of viral-mediated damage to individual host cells in the absence of host inflammatory response.

(1)	Some viruses replicate within cells and make viral aggregates that are visible as inclusion bodies or induce cells to fuse and form polykaryons.

(2)	Focal cell damage may cause epithelial cells to become discohesive and form blisters.

(3)	Viruses can also cause epithelial cells to proliferate and form unusual individual and aggregate morphologies.

(4)	Viruses can cause dysplastic changes and cancers in epithelial cells and lymphocytes.



d)	Necrotizing inflammation:  

(1)	organisms (Clostridium perfringens) that secrete very strong toxins cause this rapid and severe tissue damage, making cell death the dominant feature.

(a)	Because such few inflammatory cells are involved, these lesions resemble ischemic necrosis.

(2)	Viruses can cause necrotizing inflammaton when host cell damage is partcularly widespread and severe.



e)	Chronic inflammation and Scarring:  this is the final common pathway of many infections and may lead to either complete healing or extensive scarring.

(1)	For some organisms that are relatively inert, the exuberant scarring response is a major cause of dysfunctions.  (321)



F.	SELECTED HUMAN INFECTIOUS DISEASES:



1.	Mycobacterial disease-  Tuberculosis:  it is the single most important infectious cause of death on earth.



a)	The number of cases of tuberculosis is increasing in the U.S. because it frequently and dramatically infects persons with AIDS.



b)	Multidrug-resistant M. tuberculosis has appeared among AIDS patients:  this is a threat to close contacts and health care workers.

(1)	This multidrug-resistant form causes an 80% fatality rate in AIDS patients and a 50% mortality rate in nonimmunosuppressed individuals.  (324)



c)	Primary Tuberculosis:  

(1)	The primary phase of M. tuberculosis infection begins with inhalation of the mycobacterium and ends with a T cell-mediated immune response that induces hypersensitivity to the organism and controls 95% of infections.



(2)	Ghon complex:  this is the ultimate residuum of the primary infection.

(a)	It refers to a calcified scar in the lung parenchyma and in the hilar lymph node.



d)	Secondary Tuberculosis:  

(1)	Some individuals become reinfected with mycobacteria, reactivate dormant disease, or progress directly from the primary mycobacterial lesions into disseminated disease.

(a)	This may be because the strain is particularly virulent or the host is particularly susceptible.   (325)



(2)	Granulomas of secondary tuberculosis most often occur in the apex of the lungs but may also be widely disseminated in the lungs, kidneys, meninges, bone marrrow, and other organs.

(a)	These granulomas, which fail to contain the spread of the mycobacterium infection, are the major cause of tissue damage in tuberculosis and are a reflection of delayed-type hypersensitivity.  (326)



(3)	Miliary tuberculosis:  it refers to hematogenous dissemination of tuberculosis lesions throughout the body.

(a)	The term miliary is descriptive of the small, yellow-white lesions, which resemble millet seeds fed to birds.

(i)	They are present in the lungs and systemic organs.  (326)



e)	The characteristic inflammatory response in tuberculosis:



(1)	On initial exposure to the organism, the inflammatory response is nonspecific, resembling the reaction to any form of bacterial invasion.

(2)	Within 2-3 weeks, coincident with the appearance of a positive skin reaction, the reaction becomes granulomatous and the centers of granulomas become caseous, forming typical “soft tubercles”.  (325)



2.	Fungal disease (Histoplasmosis and Candidiasis):



a)	The clinical presentation of histoplasmosis resemble those of tuberculosis and include:

(1)	A self-limited and often latent primary pulmonary inolvement, which may result in coin lesions on chest X-ray.

(2)	Chronic, progressive, secondary lung disease, which is localized to the lung apices and causes cough, fever, and night sweats.

(3)	Localized lesions in extrapulmonary sites, including mediastinum, adrenals, liver, or meninges

(4)	A widely disseminated involvement, particularly in immunosuppressed patients.



b)	The characteristic inflammatory response in histoplasmosis:

(1)	In healthy adults:  histoplasmosis infections produce epitheloid cell granulomas in the lungs of otherwise healthy individuals.

(a)	These granulomas usually undergo coagulative necrosis and coalesce to produce large areas of consolidation but may also liquefy to form cavities.

(b)	With spontaneous or drug control of the infection, these lesions undergo fibrosis and calcification.  (327)



(2)	In immunosuppressed  individuals:  fulminant disseminated histoplasmosis occurs.

(a)	They get focal accumulations of mononuclear phagocytes filled with fungal yeasts throughout the organs and tissues of the body.  (328)



c)	Candida:  this fungal species is the most common cause of human fungal infections.

(1)	They are part of the normal flora of the skin, mouth, and GI tract.



(2)	Superficial mucosal candidiasis:

(a)	Candida infections of the oral cavity (thrush) and vagina produce superficial, white patches or large, almost fluffy membranes that are easily detached, leaving a reddened, irritated underlying surface.

(b)	Candida also causes cutaneous eczematoid lesions in moist areas of the skin.



(c)	Lesions contain acute and chronic inflammation with microabscesses, but in their chronic states granulomatous reactions may develop.



(3)	Severe, invasive candidiasis:  it is associated with immunosuppression or with phagocyte depletion.

(a)	It involves the kidney in 90% of cases, causing multiple microabscesses in both the cortex and the medulla.



(b)	The fungus occupies the center of the lesion, with a surrounding area of necrosis and polymorphonuclear infiltrate.  (354)



3.	Pyogenic cocci:  (staph, strep, gonococcus)



a)	Staphylococci:  

(1)	Common types of infection produced by staphylococci:  they cause a myriad of skin lesions (boils, carbuncles, impetigo, and scalded skin), and also cause pharyngitis, pneumonia, endocarditis, food poisoning, and toxic shock syndrome.

(a)	(impetigo= a contagious skin disease, marked by a superficial, pustular eruption especially on the face)



(2)	Staph. Aureus is 2nd only to E. coli as a cause of hospital-acquired infections.  (335)



(3)	Furuncle (boil):  it is a focal suppurative inflammation of the skin and subcutaneous tissue, either solitary or multiple, or recurrent in successive crops.

(a)	They are most frequent in moist, hairy areas:  face, axillae, groin, legs, etc.



(4)	Carbuncle:  it is associated with deeper suppuration that spreads laterally beneath the deep subcutaneous fascia and then burrows superficially to erupt in multiple adjacent skin sinuses.

(a)	They typically appear beneath the skin of the upper back and posterior neck, where fascial planes favor their spread.



b)	Streptococci:



(1)	Four common sites of suppurative streptococcal infection:  skin, oropharynx, lungs, and heart valves.



(2)	Three post-streptococcal syndromes:  rheumatic fever, immune complex glomerulonephritis, and erythema nodosum.  (337)



(3)	Erysipelas:  most common strep. infection among middle-aged persons in warm climates.

(a)	It is caused by exotoxins released chiefly from group A and occasionally group B streptococci.



(b)	It is characterized by rapidly spreading, erythematous cutaneous swelling that may begin on the face or, less frequently, on the body or an extremity.

(i)	The rash has a sharp, well-demarcated, serpiginous border and may form a “butterfly” distribution on the face.



(4)	Streptococcal pharyngitis:  it is the major antecedent to poststreptococcal glomerulonephritis.

(a)	It is marked by edema, epiglottic swelling, and punctuate abscesses of the tonsilar crypts, sometimes associated with cervical lymphadenopathy.



(b)	With extension of the pharyngeal infection, there may be encroachment on the airways, especially if there is peritonsillar or retropharyngeal abscess formation.



(5)	Scarlet Fever:  it is most frequent between the ages of 3 and 15 years.

(a)	It is associated with  streptococcal group A pharyngitis and tonsilitis.



(b)	It is manifested by a punctuate erythematous rash that is most abundant over the trunk and inner aspects of the arms and legs.

(i)	The face is also involved, but usually a small area about the mouth remains relatively unaffected, to produce a circumoral pallor. (338)



c)	Gonococci:  Neisseria gonorrhea

(1)	Infections caused by N. gonorrhoeae:

(a)	The majority of cases are gonorrheal urethritis, but it can also cause pharyngitis or proctitis, depending on sexual practices.



(b)	In men, the gonococcus may cause urethral strictures and chronic infections of the epididymis, prostate, and seminal vessicles.

(c)	In women, infection of the fallopian tubes may result in scars, which increase rates of sterility and ectopic pregnancy, or lead to chronic infections with anaerobic bacteria.



(d)	All gonococcal lesions show exudative and purulent reactions followed by granulation tissue formation, plasma cell infiltration, and fibrosis.



4.	Treponemal infections (Syphilis):



a)	Syphilis:  it is caused by Treponema pallidum and has 3 clinical stages.

(1)	Primary stage:  occurs approximately 3 weeks after contact with an affected individual.

(a)	It features a single firm, nontender, raised, red lesion (chancre) located at the site of treponemal invasion on the penis, cervix, vaginal wall, or anus.



(b)	Although spirochetes seed the body via hematogenous spread, the chancre heals in a few weeks with or without therapy.



(2)	Secondary stage:  occurs 2-10 weeks after the primary chancre.

(a)	It is characterized by a diffuse rash, particularly of the palms and soles, that may be accompanied by white oral lesions, fever, lymphadenopathy, headache, and arthritis.  (343)



(b)	These lesions also resolve spontaneously.



(3)	Tertiary stage:  occurs years after the primary lesion.

(a)	It is characterized either by active inflammatory lesions of the aorta, heart, and CNS or by quiescent lesions involving the liver, bones, and skin.



(b)	Syphilitic gummas:  they are white-gray and rubbery, occur singly or multiply, and vary in size from microscopic defects resembling tubercles to large tumor-like masses.

(i)	They occur in most organs, but particularly in skin, subcutaneous tissue, bone, and joints.



(ii)	Histologically, the gummas contain a center of coagulated, necrotic material and margins composed of plump or palisaded macrophages and fibroblasts surrounded by large numbers of mononuclear leukocytes, chiefly plasma cells.  (344)



(4)	Histological hallmarks of syphilis:  obliterative endarteritis and plasma cell-rich mononuclear infiltrates.



5.	Protozoan Diseases (Toxoplasmosis):



a)	Toxoplasma gondii commonly causes subclinical infection or mild lympadenopathy in normal persons yet produces severe opportunistic infections in infants in utero, patients with AIDS, and patients receiving bone marrow and organ transplants.



(1)	In otherwise normal adults, toxoplasma causes lymphadenitis characterized by:

(a)	follicular hyperplasia

(b)	focal proliferation of transformed, histiocytoid B cells

(c)	scattered accumulations of enlarged, epitheloid-type macrophages, which do not form well defined granulations.



(2)	In neonatal toxoplasmosis, destructive lesions of the CNS are composed of microglial nodules containing many tachyzoites, located about the ventricles and aqueduct.

(a)	Obstruction of the ventricles and aqueduct can lead to hydrocephalus.



(b)	These lesions are often accompanied by extensive CNS necrosis, vascular thrombosis, and intense inflammation.





VIII.	SECTION H:  ENVIRONMENTAL AND NUTRITIONAL DISEASES



A.	ENVIRONMENTAL DISEASES:



1.	Air Pollution:  6 patterns of lung injury may result from air pollution.

a)	Acute or chronic inflammation

b)	Emphysema

c)	Asthma

d)	Hypersensitivity pneumonitis

e)	Pneumoconiosis

f)	Neoplasia  (381)



2.	Tobacco smoking:  



a)	Four categories of harmful substances present in tobacco smoke.

(1)	Well-recognized carcinogens in lower animals

(2)	Cell irritants and toxins

(3)	Carbon monoxide

(4)	Nicotine



b)	Coronary Heart disease, particularly MI, is the most frequent cause of death related to cigarette smoking.  (382)



c)	Adverse effects of cigarette smoking:  Fig 9.2, 383

(1)	Cancer of lung 

(2)	COPD:  chronic obstructive pulmonary disease

(3)	Myocardial infarction

(4)	Systemic atherosclerosis



d)	Adverse effects that smoking can have on the unborn child:

(1)	Increased incidence of low birth weight, prematurity, spontaneous abortions, stillbirths, and infant mortality.

(2)	There is also an increase likelihood of some complications of pregnancy.  (382)



3.	Alcohol (ethanol):



a)	The CNS is the most affected organ system in acute alcohol intoxification.



b)	The liver is the most affected organ system in chronic alcoholism



c)	Adverse effects of chronic alcoholism:  

(1)	Hepatic changes:  

(a)	Fatty change occurs

(b)	Alcohol hepatitis is seen with bouts of heavy drinking.

(c)	Alcoholic cirrhosis is the end stage of liver disease in chronic alcoholism.

(2)	CNS changes:

(a)	Wernicke’s encephalopathy:  caused by lack of thiamine from malnutrition and malabsorption.  (389)

(b)	Korsakoff’s syndrome:  profound memory deficit.

(c)	Cerebellar degeneration:  loss of purkinje cells



(3)	Peripheral nerves:  they suffer a demyelinative polyneuropathy.



(4)	Cardiovascular consequences:  

(a)	Direct injury to the pericardium may produce a dilated congestive cardiomyopathy.

(b)	Moderate alcohol consumption increases HDL, heavy alcohol consumption decreases HDL.



(5)	Misc. changes:

(a)	Moderate consumption can lower B.P. but heavy consumption increases blood pressure.

(b)	Increased incidences of acute and chronic pancreatitis

(c)	Regressive changes in skeletal muscle referred to as alcoholic myopathy.

(d)	Increased risk of some cancers.  (390)



4.	Lead:

a)	There are innumerable sources of lead in our environment:

(1)	In children:  flaking lead paint is the major threat.

(a)	Lead-contaminated dust, soil, root vegetables, and newsprint are other sources.



(2)	In adults:  the main threats are occupational.

(a)	Lead mining and smelting, battery fabrication and salvage, etc.  (390)



(3)	Morphological changes of lead toxicity:

(a)	Hematopoietic:  blood changes occur early and are fairly characteristic.

(i)	Typically there is microcytic, hypochromic, mild hemolytc anemia.

a.	Lead interferes with aminolevulinic acid dehydratase (ALA-D) and ferroketolase, involved in the incorporation of iron into the heme molecule.

i.	So, Fe is displaced and zinc protoporphyrin is formed.

b.	The level of zinc protoporphyrin or erythrocyte protoporphyrin constitutes blood parameters of lead poisoning.



(b)	Nervous system:  children are particularly vulnerable to brain damage.

(i)	It may be very subtle or massive and lethal.

(ii)	In the severe cases there is marked edema of the brain, with flattening of the gyri and narrowing of the sulci.



(c)	GI tract:  it is a major source of clinical manifestations in adults.

(i)	Lead “colic” is characterized by extremely severe, poorly localized abdominal pain.

a.	It is often associated with sufficient spasm and rigidity of the abdominal wall.

(ii)	No intestinal morphological changes have been identified, but often there is a “lead line” of precipitated lead sulfate along the gingival margins.



(d)	Kidneys:  affected less frequently.

(i)	They may develop a chronic tubulointerstitial nephritis (so called Fanconi’s syndrome) marked by glucosuria, aminoaciduria, and phosphaturia.  (392)

(ii)	Often there is proteinuria, and reabsorption of the urinary proteins leads to large eosinophilic droplets in the tubular endothelial cells. 



5.	Physical injuries:

a)	Mechanical injury:

(1)	Abrasion:  it is a scrape, in which superficial epidermal cells are torn off by friction or a glancing blow.

(a)	There is no perforation of skin, and so regeneration occurs promptly without scarring, unless infection complicates the process.



(2)	Laceration:  an irregular tear in the skin produced by overstretching

(a)	Typically there are bridging strands of fibrous tissue or blood vessels across the wound, not seen in an incision.

(b)	The immediate margins of the wound are frequently hemorrhagic and traumatized.



(3)	Incision:  it is made by a sharp cutting object.

(a)	There are no bridging strands of tissue.

(b)	The margins of the incision are usually relatively clean.

(c)	In contrast to the laceration, an incision can usually be neatly approximated by sutures, leaving little or no scar.  (398)



(4)	Contusion:  this is an injury caused by a blunt force that injures small blood vessels and causes interstitial bleeding usually without disruption of the continuity of the tissue.





(5)	Mechanisms by which physical trauma may result in death:



(a)	Cardiac or vascular damage( cardiac tamponade( hypotension( death.

��	            Blood loss



(b)	Airway injury or obstruction(  anoxia(  shock( death  (mod- 36)

(c)	Thermal injury (burn)( fluid loss( hypovolemia(shock( death.

(d)	Ext. bone or soft tissue injury( fluid loss( hypovloemia( shock( death



(e)	Brain injury( swelling( herniation(brain stem compression( resp. arrest



b)	Hyperthermic injury (burns):



(1)	The clinical significance of a burn depends on 4 factors:

(a)	Percentage of total body surface involved

(b)	Depth of the burn

(c)	Possible presence of internal injuries from inhalation of hot gases and fumes.

(d)	Promptness and efficacy of the postburn therapy:

(i)	Particularly, fluid and electrolyte management, prevention of shock, and prevention or control of wound infection.



(2)	Histologic changes and clinical significance of burns:



(a)	Partial-thickness burns:  the dermis with its skin appendages is spared, and often the epidermis, even though devitalized, continues to provide a cover to the burned area.

(i)	Such burns are characterized by blistering and, more important, the regeneration of the epidermis from preserved islands or dermal appendages.

(ii)	Endothelial injury leads to vascular dilation, proteinaceous fluid exudation, and a mild inflammatory reaction

(iii)	The epidermal cells may reveal evidence of deranged membrane permeability, with nuclear and cellular swelling.



(b)	Full-thickness burns:  there is total destruction of the epidermis, extending into the dermis and sometimes deeper.

(i)	Epithelial regeneration can only occur from the margins,  hence skin grafting is often necessary.

(ii)	The dermal collagen may take on the appearance of a homogenous gel.

(iii)	The cytological changes described for partial-thickness burns may be seen in the deeper fibroblasts, endothelial cells, and subcutaneous deeper structures.  

(iv)	The inflammatory reaction in the underlying vital tissues is greater than that in partial-thickness burns.  (399)



c)	Radiation injury:



(1)	Two proposed mechanisms of radiation injury:

(a)	The direct (target) effect theory:  proposes that ionizing radiation acts by direct hits on target atoms.

(i)	All atoms or molecules in the cell are vulnerable, however, the principal target is DNA.

a.	Radiation produces single- or double-stranded chromosomal breaks.

b.	Such breaks can lead to mutations that impair the ability of DNA to act as a template.



(b)	The indirect effect:  proposes that ionizing radiation exerts its effect by radiolysis of cellular water, with the formation of free “hot” radicals.

(i)	These free radicals then interact with critical atoms and molecules, particularly DNA, to produce chemical modifications and deleterious effects.



(2)	Potential molecular effects of radiation on cells:

(a)	Reversible injury occurs, with temporary cell swelling and clumping of nuclear chromatin.



(b)	Cell death, with nuclear pyknosis or karyorrhexis, is accompanied by pronounced cell swelling and disruption.



(c)	Reproductive death:  Inhibition of mitotic division in rapidly dividing cells is followed by cell death.

(i)	Sometimes  irradiated cells undergo nuclear division without the formation of daughter cells, thus producing multinucleate giant cells.



(d)	Derangements of the mitotic process yield cells with abnormal nuclear morphology and mitotic figures destined to die.



(e)	More subtle injuries, such as DNA strand breaks, ultimately are responsible for translocations and deletions.  (402)

(i)	This is responsible for the mutagenic, teratogenic, and carcinogenic potentials of ionizing radiation.



(3)	Three general factors influence the effect of ionizing radiation on tissue:

(a)	The type of radiation, the cumulative dose administered, and the rate of delivery.  (403)



(4)	Factors related to the target cells or tissues that also influence the effects of radiation:

(a)	The radiosensitivity of different types of normal cells and their tumors.

(b)	The cells’ capacity to repair radiation damage

(c)	The phase of the cell cycle during which cells are exposed to radiation

(d)	The degree of oxygenation of the cells and tissues.  (404)



(5)	Morphological changes produced by radiation:

(a)	Blood vessels:

(i)	In the immediate postirradiation period, vessels in the skin may show only dilation, producing some erythema.



(ii)	Later or with higher dosages, there is endothelial swelling and vacuolation or even destruction of endothelial cells, particularly in the microvasculature, with secondary thromboses or hemorrhages.



(iii)	At a later stage, intimal hyperplasia and collagenous hyalinization with thickening of the media develop.

a.	Such changes in arterioles and small arteries result in marked narrowing or even obliteration of the vascular lumina.



(b)	Skin:  the area of skin exposed appears to be as critical as the dose and type of radiation.

(i)	A range of changes may occur:



a.	Mild postirradiation erythema (2-3 days)

b.	Sometimes followed by edema (2-3 weeks)

c.	Epithelial blistering and desquamation (4-6 weeks)

d.	Chronic radiodermatitis  (months to years): it takes many forms and lasts for decades:

i.	Blotchy pigmentation or depigmentation, hyperkeratosis, epilation, skin atrophy, dermal and subcutaneous fibrosis, and sometimes telangiectasia and ulcerations.

ii.	(keratosis= skin disease characterized by horny growth)

iii.	(epilation= removal of hair)

e.	Skin cancer



(ii)	The epidermal cells may show any of the general cytologic changes described.

(iii)	The underlying dermis exhibits the characteristic radiation-induced vascular changes accompanied by hyaline collagenization of connective tisssue and basophilic degeneration of elastic fibers.



(c)	Hematopoietic and lymphoid systems:  they are extremely susceptible to radiant injury.

(i)	With high doses and large exposure fields, severe lymphopenia may appear within hours, along with shrinkage of the lymph nodes and spleen

(ii)	With sublethal doses, regeneration is prompt from viable precursors, leading to restoration of lymphocytes in the blood within weeks or months.



(iii)	Granulocytes:   granulocyte count begins to fall toward the end of the 1st week, with possible disappearance of these cells within the blood during the 2nd week.

a.	If the patient survives, the normal neutrophil count returns within 2-3 months.



(iv)	Platelets:  they are effected in the same manner as granulocytes.

a.	The nadir of their count occurs somewhat later than that of granulocytes.  (405)



(v)	Erythrocytes:  they are radioresistant, but their precursors may be destroyed by heavy exposure, leading to severe anemia.



(vi)	Thrombocytopenia and neutropenia are responsible for increased susceptibility to infections and bleeding diatheses during the postirradiation period.



(diathesis= a predisposition to a disease)



(d)	Reproductive organs:  germinal epithelium of males and females are highly vulnerable to radiation.

(i)	Sclerosis of germinal tubules may  be present.



a.	Sertoli cells and interstitial cells may persist

b.	In the ovaries, only sclerosed follicles remain.



(ii)	Sterility is a hazard of gonadal radiation.



(iii)	The uterus and cervix are relatively radioresistant, so radionucleotides can be inserted into the uterine cavity for the treatment of cervical and endometrial carcinomas.



(e)	Lungs:  because of their rich vasculature they are vulnerable to irradiation.

(i)	The endothelial cell changes, previously described, occur in the alveolar capillaries. 



(ii)	Increased vascular permeability may lead to marked pulmonary congestion and edema and the other changes in adult respiratory distress syndrome.



(iii)	Later, there is fibrosis of the alveolar walls, with vascular thickening and luminal narrowing.



(iv)	Radiation “pneumonitis”:  there is a profound alveocapillary block that can be crippling or fatal.



(f)	GI tract:  it is very radiosensitive and is frequently affected in deep radiation.

(i)	The esophagus and rectum are relatively radioresistant.



(ii)	The midportions of the tract, particularly the colon and small intestine, are quite sensitive.  (406)



(iii)	It is the intestinal epithelium (crypt cells) with its high turnover rate that is most affected.

a.	All forms of nuclear and cellular pleomorphism, mitotic abnormality, and cell necrosis can appear.



b.	Later, ulcerations may appear, accompanied by vascular and connective tissue changes.



c.	The late effects of intestinal injury comprise mucosal and submucosal atrophy and fibrosis.

i.	Occasionally, they produce esophageal and intestinal strictures.  (407)

d.	Cancer may appear later, if the individual survives.





B.	NUTRITIONAL DISEASE:



1.	Protein-Calorie Undernutrition:  



a)	Kwashiorker:  it is caused by a critical lack of protein despite a sufficient caloric intake.

(1)	It is characterized by apathy, peripheral edema, subcutaneous fat, moon face, enlarged fatty liver, and low serum albumin.

(a)	The edema is usually generalized and often, there are dermatoses presenting as “flaky paint” areas of depigmentation or hyperpigmentation.



(b)	The hair  often develops a fine texture, is loosely rooted, and has a pale reddish hue.



(c)	Typically, there is a moderate to severe anemia.  (409)



b)	Marasmus:  it is caused by an overall lack of calories (starvation).

(1)	It is characterized as “wasting”.



(2)	Children have stunted growth and a total loss of subcutaneous fat with atrophy of muscles, producing broomstick arms and legs from which the skin hangs pathetically loose.



(3)	The faces are pinched and wizened, imparting a prematurely aged appearance.  (410)



(4)	In contrast to kwashiorker, these children are alert and hungry and will eat ravenously.





2.	Vitamins:



a)	Vitamin A:  



(1)	Well-established consequences of vitamin A deficiency:

(a)	Xeropthalmia:  conjunctival keratinization.

(b)	Keratomalacia:  corneal softening and ulceration.

(c)	Corneal scarring and blindness



(d)	Impaired maintenance of special epitheilia with squamous metaplasia of transitional epithelium and columnar mucus-secreting surfaces.

(i)	Vitamin A deficiency causes squamous metaplasia of specialized epithelia.  (411)

(e)	Impaired immune responses with increased mortality from infections.



b)	Vitamin D:  



(1)	Osteomalcia:  a deficiency of vitamin D in adults impairs or blocks the normal mineralization of osteoid laid down in remodeling of bone.



(2)	Rickets:  in growing children, not only is there inadequate mineralization of osteoid, but also there is inadequate provisional mineralization of epiphyseal cartilage.



(3)	Vitamin D metabolism:  the function of vitamin D metabolites is the maintenance of adequate serum levels of calcium and phosphate.  (414)



(a)	In order to subserve its function, vitamin D must be converted to 1,25-(OH)2-D.

(i)	Vitamin D and its metabolites are transported in the blood,  bound chieflly to vitamin-D binding protein (DBP)



(ii)	In the liver, vitamin D is converted to 25-OH-D by D-25-hydroxylase.

a.	25-OH-D is largely biolgically inert.



(iii)	25-OH-D, bound to DBP, is then transported to the kidney, where it is converted into its active metabolite 1,25 dihydroxyvitamin D.  



(b)	Pathophysiologic mechanisms associated with rickets or osteomalacia:



(i)	Inadequate endogenous synthesis and dietary lack.

(ii)	Malabsorption

(iii)	Derangements in metabolism of Vitamin D

(iv)	End-organ resistance to vitamin D



(c)	Other rare causes:

(i)	X-linked hypophosphatemic rickets:

(ii)	Tumor-induced osteomalacia:  caused by a tumor-produced product

(iii)	Chronic use of antacids:  they interfere with absorption. (416)



(d)	Morphologic changes in rickets:	

(i)	There is overgrowth of inadequately mineralized epiphyseal cartilage due to failure of the cartilage cells to mature and disentigrate.



(ii)	There is persistence of distorted, irregular masses of cartilage, many of which project into the marrow cavity.



(iii)	There is a deposition of osteoid matrix on inadequately mineralized cartilaginous remnants;  there is an increase in the number and activity of osteoblasts and osteoclasts.



(iv)	There is disruption of the orderly replacement of cartilage by osteoid matrix, with enlargement and lateral expansion of the osteochondral junction.



(v)	There is abnormal overgrowth of capillaries in the disorganized zone, with marrow fibrosis.



(vi)	There is deformation of the skeleton due to the loss of structural rigidity of the developing bones.  



(e)	Gross skeletal changes in rickets:  they depend on the severity of the disease, its duration, and in particular the age of the patient and the stresses to which individual bones are subjected. 



(i)	During the nonambulatory stage of infancy the head and chest sustain the greatest stresses

a.	The softened occipital bones may become flattened and the parietal bones can be buckled inward by pressure, but with the release of the pressure, elastic recoil snaps the bones back into their original positions.



b.	An excess of osteoid produces frontal bossing and a squared appearance to the head.



c.	Deformation of the chest results from overgrowth of cartilage and osteoid tissue at the costochondral junction, producing the “rachitic rosary”.



i.	The weakened metaphysical areas of the ribs are subject to the pull of the respiratory muscles and thus bend inward, creating anterior protrusion of the sternum (pigeon-breast deformity).



d.	The inward pull at the margin of the diaphragm creates Harrison’s groove, girdling the thoracic cavity at the lower margin of the rib cage.



e.	The pelvis may become deformed.



(ii)	When the ambulating child develops rickets, deformities are likely to affect the spine, pelvis, and long bones.

a.	This causes symptoms such as lumbar lordosis and bowing of the legs.  (417)

c)	Vitamin K:



(1)	Four possible mechanisms for Vitamin K deficiency:

(a)	Any fat malabosrption syndrome:  particularly with biliary tract disease.

(b)	The systemic administration of broad-spectrum antibiotics:  they appear to inhibit the hepatic epoxide reductase involved in recycling vitamin K.

(c)	Diffuse liver disease, impairing the hepatic synthesis of the vitamin K-dependent coagulation precursors.

(d)	The intentional administration of the anticoagulant vitamin K antagonists (warfarin, dicumarol), which interfere with the action of the hepatic reductase.



(2)	Neonates are more susceptible to vitamin K deficiency than adults are:

(a)	Very small amounts of the vitamin are transported across the placenta from the mother, and so fetal reserves are low.



(b)	After birth, the fetal gut is sterile, and therefore there is little neonatal synthesis until the normal intestinal flora becomes established.



(c)	Breast milk is a relatively poor source of vitamin K.



(3)	Consequence of vitamin K deficiency:  the deficiency state is hypoprothrombinemia which induces hemorrhagic disease.

(a)	In adults, this bleeding diathesis is of major concern in those requiring surgery, particularly on the biliary tract (for correction of obstructive jaundice, the major predisposition to malabsorption of the vitamin).



(b)	More often, the bleeding diathesis develops in the neonate and has the potential to produce intracranial hemorrhage and also bleeding from every other site, including skin, umbilicus, and viscera.



d)	Water-soluble vitamins:

(1)	They include a complex of B vitamins (thiamine, riboflavin, niacin, vitamin B6, folic acid, and vitamin B12) and vitamin C (ascorbic acid).  Biotin and pantothenic acid are also sometimes referred to as B vitamins.



(2)	Most of the water-soluble vitamins are widely available and are readily absorbed, chiefly in the small intestine.  

(a)	Thus, deficiency states of the water-soluble vitamins are not global problems.



(3)	Deficiency states of Thiamine:  Dry “beriberi”, Wet “beriberi”, Wernike-Korsakoff syndrome.  (420)



(a)	The most common cause of thiamine deficiency in the U.S. is chronic alcoholism.



(b)	Three organs are most affected by thiamine deficiency:  the heart, the peripheral nerves, and the brain.



(i)	The heart may be normal, have subtle changes, or be markedly enlarged and globular (owing to 4-chamber dilation) with pale, flabby myocardium.



(ii)	In the peripheral nerves, the earliest changes are a symmetric, nonspecific polyneuropathy involving motor, sensory, and reflex arcs beginning particularly in the nerves of the feet and lower legs.

a.	With progression, the changes extend proximally and may include the nerves of the upper extremities and trunk and even the vagus and phrenic nerves become involved.

b.	At the outset, there is myelin degeneration, but depending on the duration and severity of the deficiency, it may progress to disruption of axons.



(iii)	The CNS lesions (Wernicke-Korsakoff) comprise foci of hemorrhage and necrosis in:

a.	The mammillary bodies and about the ventricular regions of the thalamus,

b.	About the aqueduct in the midbrain,  (421)

c.	In the floor of the 4th ventricle and anterior region of the cerebellum.



(4)	Deficiency state of Vitamin C:  scurvy.



(a)	Hemorrhages constitute one of the most striking features related to the defect in collagen synthesis and inadequate support of vascular walls.

(i)	Purpura and ecchymoses often appear in the skin, most prominently along the backs of the lower legs and in the gingival mucosa.



(b)	Skeletal changes may appear in the growing child.

(i)	The primary disturbance is in the collagen-rich osteoid matrix.

a.	Both membranous and endochondral bone formation may be disrupted.



(ii)	The lack of sufficient production of osteoid matrix leads to disruption of epiphyseal bone growth.

a.	Further disrupting the epiphyseal area are hemorrhages occasioned by poorly supported microvessels, and the defective osteoid.



(iii)	The poorly formed bone yields to the stresses of weight bearing and muscle tension, with bowing of the long bones of the lower legs and abnormal depression of the sternum, with outward projection of the ends of the ribs, creating the so-called scorbutic rosary.  (423)



(iv)	The teeth are abnormally mobile and may be displaced or fall out.



e)	Nutritional Excesses and Imbalances (Obesity): 

(1)	Consequences of Obesity:  

(a)	Insulin resistance appears with increasing obesity.

(b)	Diabetes mellitus (non-insulin dependent, adult onset) is strongly associated with obesity.

(c)	Hypertension is strongly correlated with obesity.



(d)	Hyperlipidemia is weakly associated with obesity.

(e)	Heart disease is found more often among the obese.  (426)

(f)	Coronary heart disease is a major contributor to high mortality among obese individuals.



(g)	Other conditions:

(i)	Cholesterol gallstones

(ii)	Respiratory problems

(iii)	Hypersomnolence both at night and during the day.

(iv)	Osteoarthritis, particularly in the knee joints (427)



IX.	SECTION I:  BLOOD VESSELS



A.	General Review of normal vasculature:



1.	Three basic structural constituents make up the walls of blood vessels:  endothelium, smooth muscle, and connective tissue, including elastic elements.

a)	They are arranged in cocentric layers (tunicas)- an intima, media, and an adventitia.

(1)	The intima is composed of the lining endothelial cells with minimal underlying subendothelial connective tissue.  It is separated from the media by a dense elastic membrane.



(2)	In large and medium sized arteries, the smooth muscle cell layers of the media that are near the vessel lumen depend primarily on direct diffusion from the lumen for their nutritional needs.

(a)	Small arterioles (vasa vasorum) arising in the adventitia from exiting branches course through the adventitia and send vascular twigs into the outer half of the media



(3)	The adventitia is a poorly defined layer of investing connective tissue in which nerve fibers and the vaso vasorum are dispersed.



2.	Arteries:  they are divided into 3 types.

a)	Large or elastic arteries:  eg. the aorta and its major branches.

(1)	The media is rich in elastic fibers.



b)	Muscular arteries:  they are branches of elastic arteries.

(1)	The media is produced primarily of circularly or spirally arranged smooth muscle cells and the extracellular matrix produced by these cells.

(2)	Local blood flow and blood pressure are regulated by changes in lumen size through smooth muscle cell contraction and relaxation.





c)	Arterioles:  the smallest branches of the arteries.

(1)	They regulate blood flow into capillary beds.

(2)	The medial smooth muscle of arterioles is capable of making dramatic adjustments in lumen diameter that regulate systemic arterial blood pressure and significantly influence local blood flow distribution.  (468)

(3)	Arterioles are the principal points of normal resistance to blood flow.



3.	Capillary:  vessels that have approximately the diameter of an RBC.

a)	There are 3 general types distinguished by the degrees of continuity of the endothelium and basement membrane:



(1)	Muscle, heart, lung, nervous system, and skin capillaries have a continuous endothelial layer:  this allows the permeability of these capillaries to be highly regulated through control of transport across and between endothelial cells.



(2)	Endocrine glands, renal glomeruli, and some vessels of the GI tract have fenestrated endothelia:  this allows more rapid transport of larger molecules and fluid.



(3)	Some capillary vascular channels (called sinusoids) have a discontinuous endothelium with partial or no basement membrane, as in the liver, spleen, and bone marrow.



b)	Blood from capillaries flow initially into postcapillary venules.

(1)	The pressure in the venules is lower than that in the capillary bed, as well as lower than interstitial tissue pressure, so that fluid can enter the circulation from the tissue surrounding the venules.



(2)	In many types of inflammation, vascular leakage and leukocyte exudation occur preferentially in venules.



4.	Vein:  they are thin-walled vessels with relatively large lumina.

a)	The intima is composed of an endothelial lining adherent to a scant connective tissue layer, bounded by a poorly defined internal elastic membrane.

b)	The media of veins is not as well developed as that in arteries and provides relatively poor support.

(1)	Veins are thus predisposed to irregular dilation, compression, and easy penetration by tumors ad inflammatory processes.



5.	Lymphatics:  they are identified in tissue sections as collapsed, thin-walled, endothelium-lined channels devoid of blood cells.  (469)



B.	Arteriosclerosis:  hardening of the arteries, it refers to a group of disorders that have in common thickening and loss of elasticity of arterial walls.



1.	Three distinct morphological variants are included within the term arteriosclerosis:

a)	Atherosclerosis:  characterized by intimal thickening and lipid deposition.

b)	Monckeberg’s medial calcific sclerosis:  characterized by calcification of the media of muscular arteries.

c)	Arteriolosclerosis:  marked by proliferative or hyaline thickening of the walls of small arteries and arterioles.



2.	Atherosclerosis:  

a)	Three anatomical groups of arteries are the prime targets of atherosclerosis:  the aorta, the coronary, and cerebral systems.



b)	Three major consequences of atherosclerosis:  myocardial infarction, cerebral infarction, and aortic aneurysms.



c)	Five additional consequences of atherosclerosis:  gangrene of the legs, mesenteric occlusion, sudden cardiac death, chronic ischemic heart disease, and ischemic encephalopathy.



d)	Atherosclerosis primarily affects elastic arteries and large and medium-sized muscular arteries.



e)	Atheroma:  the basic lesion, fibrofatty plaque.

(1)	It consists of a raised focal plaque within the intima, having a core of lipid (mainly cholesterol and cholesterol esters) and a covering fibrous cap. (473)



f)	Major risk factors for atherosclerosis:   Table 11-2, 474.

(1)	Diet and hyperlipidemia (hypercholesterolemia, hypertriglyceridemia)

(2)	Hypertension

(3)	Cigarette smoking

(4)	Diabetes.



g)	Minor risk factors for atherosclerosis:

(1)	Obesity, physical activity, male gender, increasing age, family history, stress

(2)	Oral contraceptives, high carbohydrate intake, hyperhomocysteinemia.  (474)



h)	Atheromatous plaque:  the most important lesions, being the principal cause of arterial narrowing in adults.

(1)	Appears white to whitish yellow and impinges on the lumen of the artery.

(a)	The superficial portion of these lesions at the luminal surface tends to be firm and white (fibrous cap) and the deep portions yellow or whitish yellow and soft.

(b)	The centers of larger plaques may contain a yellow, grumous debris, called an atheroma.



(2)	The abdominal aorta is much more involved than the thoracic aorta, and aortic lesions tend to b much more prominent around the ostia of its major branches.



(a)	Other commonly involved vessels in descending order are:  coronary arteries, popliteal arteries, the descending thoracic aorta, the internal carotid arteries, and the vessels of the circle of Willis.



(b)	Atherosclerotic lesions usually involve the arterial wall only partially around its circumference and are patchy and variable along its length.



(3)	Atherosclerotic plaques have 3 principal components:

(a)	Cells:  including smooth muscle cells, macrophages, and other leukocytes.

(b)	Connective tissue extracellular matrix:  including collagen, elastic fibers, and proteoglycans.



(c)	Intracellular and extracellular lipid deposits:



(4)	Typically, the fibrous cap is composed of smooth muscle cells with a few leukocytes and relatively dense connective tissue.

(a)	There is a cellular area beneath and to the side of the cap consisting of macrophages, smooth muscle cells, and T lymphocytes.

(b)	There is a deeper necrotic core, in which there is a disorganized mass of lipid material, cholesterol clefts, cellular debris, plasma proteins, etc. (477)



(5)	Complicating Lesions of atherosclerosis:



(a)	Calcification:  atheromas in advanced disease undergo calcification.

(b)	Focal rupture or gross ulceration:  this may result in the exposure of highly thrombogenic substances that induce thrombus formation or discharge of the debris into the bloodstream, producing microemboli.



(c)	Superimposed thrombosis:  the most feared complication, it usually occurs on fissured or ulcerated lesions.

(d)	Hemorrhage into a plaque:  caused by rupture of either the overlying fibrous cap or the thin-walled capillaries that vascularize the plaque.



(e)	Aneurysmal dilation:  

(i)	Although atherosclerosis is initially an intimal disease, in severe cases, particularly in large vessels, the underlying media undergoes considerable pressure or ischemic atrophy with loss of elastic tissue, causing sufficient weakness to permit aneurysmal dilation.



i)	Fatty streak:  it is present universally in children and important mainly as a precursor of the atheromatous plaque.



(1)	The streaks begin as multiple yellow, flat spots less than 1mm in diameter that coalesce into elongated streaks, 1 cm long or longer.

(2)	Fatty streaks appear in the aortas of some children younger than one year of age and all children older than ten years.

(a)	Coronary fatty streaks are less common but begin to form in adolescence.



(3)	Fatty streaks are composed of lipid-filled foam cells.

(a)	T lymphocytes and extracellular lipid are present in smaller amounts than in plaques.

(b)	Proteoglycans, collagen, and elastic fibers are found in variable amounts.

(4)	The relationship of fatty streaks to atherosclerotic plaques is controversial.

(a)	Not all fatty streaks are destined to become fibrous plaques or more advanced lesions.  (478)

(b)	The prevalence of fatty streaks in the aorta and coronaries early in life emphasizes that athersclerosis has its roots early in life. (479)



3.	The contemporary view of pathogenesis of atherosclerosis:  the response to injury hyopothesis.

a)	Endothelial damage is a major factor in atherogenesis.

(1)	The injury postulated is some form of endothelial dysfunction which leads to increased endothelial permeability, increased monocyte adhesion, and increased EC (endothelial cell) replication.



b)	Role of macrophages and other inflammatory/immunologic mechanisms:

(1)	Following adherence to endothelium, monocytes emigrate into the intima and subsequently accumulate LDL.

(a)	The directed migration of monocytes into the subendothelial space is presumably in response to a gradient of chemotactic factors produced in the intima.



(2)	Macrophages also proliferate in the intima.



(3)	Macrophages ingest lipid to produce foam cells.  (480)

(a)	Foam cells are specialized macrophages that are present in all stages of human atheromatous plaques.

(b)	Recall that fatty streaks are collections of macrophage-derived foam cells.



(4)	Macrophages probably play a role in the progression of atherosclerotic lesions.



c)	Role of Smooth Muscle Cell (SMC) proliferation:

(1)	In addition to lipid accumulation, SMC proliferation and extracellular matrix deposition in the intima are the major processes that account for the progressive growth of atherosclerotic lesions.

(a)	A number of chemotactic agents have been implicated in such proliferation.



d)	Role of Hyperlipidemia:

(1)	The abnormality common to most syndromes of premature atherosclerosis is hyperlipoproteinemia.  (481)

(a)	A number of genetic and acquired derangements influence both exogenous and endogenous pathways of cholesterol metabolism and can result in hyperlipoproteinemia



(b)	Genetic defects in apoproteins may also be associated with hyperlipoproteinemia and accelerated atherosclerosis.



(c)	A number of mechanisms have been postulated to account for the role of lipids in lesion formation:

(i)	Increases in plasma levels of LDL or some component of hyperlipidemic serum may increase the rate of lipid penetration into the artery wall.

(ii)	Local modification of LDL may render it more atherogenic.

(iii)	Hyperlipoproteinemia may directly alter EC (endothelial cell) function.



e)	Role of Thrombosis:  thrombosis is a complication of late-stage atherosclerosis.

(1)	Organization of thrombi may contribute to plaque formation and their encroachment on the lumen.

(a)	Although platelets generally do not adhere to the arterial wall without prior severe injury, more subtle biochemical disruptions of the normal EC could render it thrombogenic.  (482)



4.	Hypothetical sequence of events and cellular interactions in the development of atherosclerosis:  

a)	Hyperlipidemia, as well as other risk factors, is thought to cause endothelial injury resulting in adhesion of platelets and monocytes and release of growth factors which lead to smooth muscle cell migration and proliferation. Fig. 11-13, 483

(1)	Smooth muscle cells produce large amounts of collagen and proteoglycans, contributing to the atheromatous plaque.



b)	Foam cells of atheromatous plaques are derived from both macrophages and smooth muscle cells.



c)	Extracellular lipid is derived from insudation from the lumen, particularly in the presence of hypercholesterolemia, and also from degenerating foam cells.  (483)



d)	Cholesterol accumulation in the plaque should be viewed as reflecting an imbalance between influx and eflux, and it is possible that HDL helps clear cholesterol from these accumulations.



C.	Monckeberg’s Arteriosclerosis:

1.	Morphological lesion:  medial sclerosis characterized by ring-like calcifications within the media of medium-sized to small muscular arteries.

a)	The lesions do not cause luminal narrowing.



b)	The vessels most affected are the femoral, tibial, radial, and ulnar arteries and the arterial supply of the genital tract of both sexes.



c)	It occurs almost exclusively in individuals older than 50 years of age.



d)	Although Monckeberg’s medial calcific sclerosis may occur together with atherosclerosis, the 2 disorders are totally distinct.  (484)



e)	The disorder is of little clinical significance and accounts for roentgenographic densities in the vessels of the extremities in aged indiviuals.



D.	Hypertensive disease and arteriosclerosis:



1.	Elevated blood pressure is a staggering health problem for 3 major reasons:  it is very common, its consequences are widespread and sometimes devastating, and it remains asymptomatic until late in its course.



2.	Hypertension is a risk factor for 5 conditions:

a)	Coronary heart disease

b)	Cerebrovascular accidents

c)	Congestive heart failure

d)	Aortic dissection

e)	Renal failure  (484)



3.	About 90-95% of hypertension is idiopathic and apparently primary (essential hypertension).

a)	The remaining 5-10% is secondary and most often caused by renal disease or, less often, to narrowing of the renal artery, usually by an atheromatous plaque.

(1)	(idiopathic= of unknown cause)



4.	Both essential and secondary hypertension may be either benign or malignant, according to the clinical course:

a)	Benign hypertension: in this more common form, hypertension remains at a modest level and fairly stable over years to decades and, unless a myocardial infarction or cerebrovascular accident supervenes, is compatible with long life.



b)	Malignant (accelerated) hypertension:  about 5% of hypertensive persons show a rapidly rising blood pressure, which, if untreated, leads to death within a year or two. (485)



5.	Hypertension is associated with 2 forms of small blood vessel disease:



a)	Hyaline arteriolosclerosis:  it is encountered frequently in elderly patients.

(1)	The vascular lesions consist of a homogenous, pink, hyaline thickening of the walls of arterioles with loss of underlying structural detail and with narrowing of the lumen.



(2)	It is believed that the lesions reflect leakage of plasma components across vascular endothelium and increasing extracellular matrix production by smooth muscle cells.



b)	Hyperplastic arteriolosclerosis:  it is characteristic of malignant hypertension. (488)

(1)	It is identified by virtue of its onionskin, concentric, laminated thickening of the walls of arterioles with progressive narrowing of the lumina.



E.	Vasculitis:  



1.	The 2 most common mechanisms involved in vasculitis:  direct injury to vessels by infectious pathogens and immune-mediated inflammation.

a)	It is critically important to distinguish between these 2 mechanisms because the treatment approaches differ widely.

(1)	The immunosuppressive therapy appropriate for immune-mediated vasculitis would be contraindicated for infectious vasculitis.  (490)



b)	Classification of vasculitis:  Table 11-7, 491.

(1)	Large vessel vasculitis:

(a)	Giant cell (temporal) arteritis

(b)	Takayasu’s arteritis



(2)	Medium-sized vessel vasculitis:

(a)	Polyarteritis nodosa

(b)	Kawasaki disease



(3)	Small vessel vasculitis:

(a)	Wegener’s granulomatosis

(b)	Churg-Strauss syndrome

(c)	Microscopic polyangitis

(d)	Henoch-Schonlein purpura

(e)	Essential cryoglobulinemic vasculitis

(f)	Cutaneous leukocytoclastic angitis



2.	Giant Cell Arteritis:  it is the most common of the vasculitides.

a)	It is a focal granulomatous inflammation of arteries of medium size and small size

(1)	It affects principally the cranial vessels, especially the temporal arteries, but also the vertebral and ophthalmic arteries.

b)	It mainly effects older individuals and is rare before the age of 50.



c)	Morphology:  the histological changes are variable and fall into 3 general categories.

(1)	Granulomatous lesions full of giant cells.

(2)	Non-specific white cell infiltration (lymphocytes and eosinophils) throughout the arterial wall.

(3)	Intimal fibrosis, usually with no morphologically apparent disruption of the internal elastic lamina.  (492)



d)	Clinical manifestations:  

(1)	Temporal arteritis may be insidious and vague in onset or may be heralded by the sudden onset of headache, tenderness or severe throbbing pain over the artery, swelling and redness in the overlying skin, visual loss, and facial pain.



(2)	Almost half the patients have systemic involvement and the syndrome of polymyalgia rheumatica, a flu-like syndrome with joint stiffness.

(a)	There is often claudication of the jaw.

(b)	Visual symptoms occur in 40% of patients.  (493)

(c)	The erythrocyte sedimentation rate is markedly elevated in most cases.



3.	Polyarteritis nodosa group (PAN):  characterized by systemic involvement with the vasculitic process.

a)	It is manifested by necrotizing inflammation of small or medium-sized muscular arteries.

(1)	It typically involves the renal and visceral (coronary, hepatic, messenteric) vessels.



b)	The changes in the vessels may be divided into acute, healing, and healed stages:

(1)	Acute lesions:  they are characterized by fibrinoid necrosis, which may extend to involve the full thickness of the arterial wall.

(a)	Necrosis is most often localized to a portion of the circumference rather than its entirity.

(b)	Numerous leukocytes, including neutrophils, eosinophils, and mononuclear cells, may be present in and often around the vessel wall.



(2)	Healing lesions:  they are characterized by transmural scarring in addition to the continuing necrotizing process.

(a)	At this stage, the leukocyte infiltrate has large numbers of macrophages and plasma cells, thrombosis becomes organized, and the fibrosis may extend into the surrounding adventitia.



(3)	Healed lesions:  they have marked fibrotic thickening of the affected arterial wall.



c)	It is a disease of young adults, although it may occur in children and older individuals.

(1)	The course may be acute, subacute, or chronic and is frequently remittent, with long symptom-free intervals.



d)	Most common clinical manifestations:

(1)	Fever of unknown cause and weight loss

(2)	Hypertension, usually developing rapidly

(3)	Abdominal pain and melena (bloody stool) due to vascular lesions in the alimentary tract.

(4)	Diffuse muscular aches and pains

(5)	Peripheral neuritis, which is predominantly motor.  (494)

(6)	Because small vessel involvement is absent, there is no glomerulonephritis.



4.	Thromboangitis obliterans (Buerger’s disease):  

a)	It is a distinctive disease characterized by segmental, thrombosing, acute and chronic inflammation.

(1)	It occurs in intermediate and small arteries and sometimes veins of the extemities.

(2)	It often affects the arms as well as the legs.



b)	The condition had occurred almost exclusively in men who were heavy cigarette smokers.

(1)	There has been an increase in reported cases in women, because of increased rates of smoking.

c)	It occurs before the age of 35 in most patients.



d)	The acute involvement of either artery or vein is characterized by polymorphonuclear infiltration of all coats of the vessel wall, together with mural or occclusive thrombosis of the lumen.



e)	Small microabscesses within the thrombus create a pattern quite distinct from the bland thrombosis of atherosclerosis.

(1)	These abscesses have a central focus of polymorphonuclear leukocytes surrounded by a wall of granulomatous inflammation.

(2)	In time, the thrombus undergoes organization and recanalization.



f)	Clinical manifestations:  

(1)	The early manifestations are a superficial nodular phlebitis, cold sensitivity in the hands, and pain in the instep of the foot induced by exercise (instep claudication).

(2)	Eventually, patients suffer from vascular insufficiency that often leads to excruciating pain and ultimately gangrene of the extremities.

(3)	Remissions and relapses correlate with cessation or resumption of smoking.  (498)



F.	Aneurysms and dissection:



1.	Aneurysm:  it is a localized abnormal dilation of any vessel.



a)	True aneurysm:  it is bounded by generally complete but often attenuated arterial wall components, with quantitatively  or qualitatively altered structure.

(1)	The blood within a true aneurysm remains within the confines of the circulatory system.

(2)	Examples are atherosclerotic, syphilitic, and congenital aneurysms.



b)	False aneurysm (pseudoaneurysm or “pulsating hematoma”):  it is an extravascular hematoma that communicates with the intravascular space.

(1)	The vascular wall has been breached, and the wall of the aneurysmal sac consists of only outer arterial layers or periarterial tissue.



(2)	A leak at the junction (anastomosis) of a vascular graft with a natural artery produces this type of lesion.

(3)	Arterial dissections arise when blood enters the wall of the artery, dissecting between its layers and creating a cavity within the vessel wall itself.



c)	The 2 most important causes of true aortic aneurysms:  atherosclerosis and cystic medial degeneration.



d)	Aneurysms are often classified by shape and size:

(1)	Berry aneurysms:  they are small, spherical dilations, rarely exceeding 1 to 1.5 cm in diameter, that are most frequent in the brain.



(2)	Saccular aneurysms:  they are essentially spherical (involving only a portion of the vessel wall) and vary in size from 5 to 20 cm in diameter, often partially or completely filled by thrombus



(3)	Fusiform aneurysms:  it is a gradual, progressive dilation of the complete circumference of the vessel.

(a)	They vary in diameter (up to 20cm) and length  



e)	Mycotic aneurysm:  infection of a major artery that significantly weakens its walls.

(1)	A mycotic aneurysm can be either true or false;  thrombosis and rupture are possible complications.



(2)	Three mechanisms for the development of mycotic aneurysms:  (499)

(a)	Lodging of a septic embolus at some point within a vessel, usually as a complication of infective endocarditis.



(b)	They may develop as an extension of an adjacent suppurative process.



(c)	Circulating organisms may directly infect the arterial wall.



(3)	Atherosclerotic aneurysms usually occur in the abdominal aorta, most frequently between the renal arteries and the iliac bifurcation.  (500)



(4)	Syphilitic (luetic) aneurysms are almost always confined to the throracic aorta and usually involve the arch.



2.	Aortic dissection:  it is a catastrophic illness characterized by dissection of blood along the laminar planes of the aortic media, with the formation of a blood-filled channel within the aortic wall that often ruptures, causing massive hemorrhage.

a)	In contrast to atherosclerotic and syphilitic aneurysms, aortic dissections are not usually associated with marked dilation of the aorta.



b)	Aortic dissection occurs primarily in 2 groups of patients:

(1)	Most commonly in men 40-60 years of age, in whom hypertension is almost invariably an antecedent (90% of cases).

(2)	Patients with a systemic or localized abnormality of connective tissue that affects the aorta (e.g. Marfan’s syndrome)



(3)	Dissection can also be a complication of arterial cannulation (e.g. during diagnostic catherization or cardiopulmonary bypass).

(4)	Rarely, for unknown reasons, aortic dissection occurs during pregnancy.  (501)
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