Pathology I
Cellular Pathology (I-II):

· Pathology includes study of etiology (what initiates a process), pathogenesis (mechanism), morphology (how it’s recognized) and functional consequences (how it produces disease). 

· The three fundamental processes of cellular pathology are cell injury, cell death and cellular adaptation.  In response to stressors, cells may adapt or die/be injured.  

· The etiology of cell injury may be extrinsic or intrinsic, including hypoxia, physical/chemical agents, drugs, infection, immunologic reactions, genetic, or nutritional problems. 

· Hypoxia is the reduction or absence of normal oxygen supply.  It may be a result of ischemia, which is the reduction or absence of blood supply.  They most often go together, but ischemia alone can be damaging from a lack of trophic substances or accumulation of toxins, and hypoxia alone can still be damaging (ex: anemia, pulmonary disease, cyanide poisoning). 

· Infarction is the process in which a portion of a tissue dies as a result of ischemia. An infarct is the end result of this process.  They may be white or red (still some blood supply to the dead tissue), but both result from the same underlying mechanism.

· The mechanisms by which ischemia causes cell death are inter-dependent and synergistic.  Toxins often influence one of these mechanisms.  They include:  

· Decreases in ATP – oxidative phosphorylation shuts down first in ischemia.  Pumps stop running and cells/organelles swell and have blebs, glycolysis lowers pH and chromatin clumps, protein synthesis decreases and lipids accumulate since proteins aren’t available to export lipids as lipoproteins.  These early changes are reversible.  

· Increased intracellular Ca, which is critical to homeostasis.  Many enzymes only function within a very narrow range of [Ca].  Ischemia inactivates calcium pumps, resulting in calcium activation of enzymes and increased membrane breakdown along with decreased membrane synthesis.  

· Membrane damage (considered the point of no return)

· Reactive oxygen species – endogenous or exogenous free radicals.  Reperfusion of an ischemic area can add to ischemic damage, likely by sudden calcium influx or exposure to free radicals from an influx of inflammatory cells.  We have some level of antioxidant defense from vitamins C and E, glutathione peroxidase, catalase and superoxide dismutase.  But oxidative stress can result from imbalance between ROS and antioxidants.  Oxidative stress is associated with aging, diabetes, atherosclerosis, Alzheimer, etc. 

· Cell injury becomes irreversible most quickly in neurons, followed by myocardium and hepatocytes, and most slowly in skeletal muscle.  

· Reversible cell injury is characterized by cell swelling, vacuolar degeneration, and lipid deposition (especially in the myocardium and liver).

· Irreversible injury:  necrosis – the morphological changes in the nucleus and cytoplasm occurring after death in a living tissue, regardless of the cause of injury.  By the time necrosis is observed, the cell is dead.  This need not occur at the tissue level.

· Features of necrosis include:  eosinophilia due to loss of RNA/ribosomes and denatured protein, nuclear changes (small-pyknosis, broken apart-karyorrhexis, or dissolved-karyolysis), INFLAMMATION.  The inflammation is the big distinguishing feature, and it usually occurs about 8 hours after cell death.  Thus, it won’t occur if the cell dies and organism also dies at the same time.  

· Types of Necrosis:

· Coagulative:  Results from ischemic cell death, and is seen in most tissues except for the brain.  In this type of necrosis, the tissue architecture is retained.  You typically see ‘tombstones’ of hyper-eosinophilic cells.  It typically resolves by scar formation.

· Liquefactive:  Characterized by complete hydrolysis of dead cells, resulting in a loss of tissue architecture and usually resulting in a cyst or cavity.  This is the usual response to infarction in the brain.  

· Abscess:  Liquefactive necrosis resulting from localized bacterial/fungal/parasitic infections.  It usually has lots of neutrophils within the abscess (pus=dead neutrophils and debris) which are the source of hydrolytic enzymes.  It often requires surgical drainage, since vasculature is commonly damaged and antibiotics won’t be delivered effectively.

· Caseous (cheese-like): Characteristic of TB and fungal infections.  It has a center of cheese-like necrosis surrounded by a rim of inflammatory cells (all together called a granuloma).

· Fat:  Common in the pancreas (from release of pancreatic enzymes) and breast (from minor trauma).  Membrane lipids are digested into FFAs, and combine with calcium (saponification) to form chalky white deposits.  May mimic a carcinoma clinically.

· Cellular adaptations include hyperplasis, hypertrophy, atrophy, and metaplasia.  
· Hyperplasia is an increase in the number of cells in a tissue/organ.  In hyperplasia, you see dividing, mitotic cells.  Hyperplasia may be physiologic, such as in lactating breasts.  But is can also be pathologic, as in endometrial hyperplasia with unopposed estrogen stimulation that results in prolonged cycles with menorrhagia (heavy bleeding).  Another example of hyperplasia is in BPH.  

· Hypertrophy is an increase in individual cell mass, and is usually reversible.  In benign prostatic hyperplasia, bladder muscle hypertrophies as a results of needing to push the urine out with more force.  Other examples of pathologic hypertrophy may be hypertrophy of the heart in someone with aortic valve stenosis or chronic hypertension.  Hypertrophy may results from greater workload, as above, but also from increased levels of hormones (anabolic or in pregnancy, etc).  Genetic mutation in the myostatin gene has been shown to cause muscle hypertrophy in animals.  

· Atrophy is cellular shrinkage due to a loss of substance, and may result from disuse, denervation (polio), ischemia, starvation (protein-calorie malnutrition, or marasmus), or absence of endocrine stimulation.  Ex:  menopause can result in atrophy of cells making up endometrial glands.  Ex:  cachexia, a wasting associated with cancer, AIDS and other chronic inflammatory diseases. 

· Cellular atrophy may culminate or be accompanied by progressive cell loss, and if enough occurs an organ or tissue may shrink.  In these cases, atrophy describes both cell shrinkage and cell loss.  

· Metaplasia is the reversible replacement of one differentiated cell type by another differentiated cell type.  It can be considered an adaptive substitution by cells that can better withstand an adverse environment.  In smokers, you see squamous metaplasia where respiratory epithelium is replaced by stratified squamous cells.  Stem cells at the basement layer differentiate into squamous cells.  Metaplastic epithelium may undergo neoplastic progression to dysplasia (not yet cancer, but cells lose normal architecture on the way there), and ultimately to neoplasia (cancer w/ clonal cells having a genetic mutation).  Not all metplasias become cancers, but if the stimulus persists, they may.  

· Cells may accumulate endogenous or exogenous substances (lipids, protein, glycogen, carbs, minerals, pigments, etc).  

· Pigment accumulations:  anthracosis (accumulation of dark carbon pigment in city dwellers) or lipofuscin (wear and tear pigment where you have lots of cell turnover) are examples of benign pigment accumulations.

· Intracellular lipid accumulation:  Fatty change (steatosis) is potentially reversible.  It most commonly occurs in the liver, and is caused most commonly by obesity or alcoholic liver disease.  The liver is typically enlarged and rather than red, it appears yellow/white.  

· Cell death is not always pathologic; apoptosis is normal in embryogenesis, immune cell differentiation, menstruation, etc.  Apoptosis may be pathologic too, resulting from DNA damage (w/ p53 as a principal mediator), viral infection or CD8 T cell mediated injury.  
· Apoptosis is mediated by caspases, cysteine protesases that require activation.  Bcl-2 is an anti-apoptotic protein, and its family contains both pro and anti apoptotic factors.  P53 stops cell division in response to DNA damage in order to facilitate recovery, and if recover fails it initiates apoptosis.  

· Morphologically, apoptosis is characterized by nuclei breaking into apoptotic bodies.  This occurs in single cells with apoptosis, whereas necrosis tends to occur in large regions of an organ.  In apoptosis, DNA is systematically fragmented and shows as a ladder on a gel, whereas necrotic cell death breaks it down at random, resulting in a smear.  

· Basically, apoptosis is usually physiologic, occurs in single cells, fragments DNA between nucleosomes, and produces apoptotic bodies WITHOUT inflammation.  Necrosis is usually pathologic, occurs in groups of cells, randomly fragments DNA and shows swelling, degeneration, and inflammation.  

· Inhibition of apoptosis facilitates tumorigenesis.  HPV blocks p53 and apoptosis, and can result in squamous cell carcinoma of the cervix.  Constitutive activation of Bcl-2 blocks apoptosis and facilitates follicular lymphomas.  

Inflammation (I-II):
· Inflammation is a complex response of vascularized tissues to various stimuli, leading to accumulation of fluids and leukocytes in the extravascular tissues.  

· Edema – an excess of fluid in the interstitial space; either a transudate (low protein content usually due to increased hydrostatic pressure) or exudate (high protein content, often containing blood cells, and resulting from increased vascular permeability). 

· Exudate (high protein) types:  Serous (lacking lots of inflammatory cells), serosanguinous (containing erythrocytes), fibrinous (lots of fibrin after coagulation), purulent (lots of inflammatory cells), or suppurative (purulent with significant liquefactive necrosis).  
· The goal of inflammation is to deliver effector cells and molecules to the site of injury.  It also seeks to provide a physical barrier via microvascular coagulation to prevent the spread of the insulting agent, and promotes the repair of the injured tissue.  So fundamentally, it’s good.  But it can be harmful.

· The 5 cardinal signs are:  calor, rubor, tumor, dolor (Celsus), and loss of function (Virchow).  Conheim noted the associated vasodilatation, edema, and leukocyte emigration.  Metchnikoff and Ehrlich got the 1908 Nobel for noting the cells’ and antibodies’ role in immunity.

· Acute inflammation is an immediate, early response to injury that lasts minutes to days.  It’s characterized by edema and emigration of leukocytes (mainly neutrophils).  

· Inflammation may be triggered by trauma, ischemia, neoplasm, infection, foreign matter, or immune reactions to endogenous stuff.  

· Acute inflammation has three key events:  Changes in vascular caliber and flow, Increased vascular permeability, and Cellular events (extravasation and phagocytosis).

· The continuity equation:  flow = (velocity)*(x-sectional area).

· Poiseuille’s Law:  flow = ∆Pressure*radius4 / 8*length*viscocity

· Bernoulli principle:  ∆P + velocity = constant….so as fluid velocity increases, its pressure decreases and vice versa.

· With acute inflammation, for the first few seconds there is vasoconstriction of arterioles.  This is followed by vasodilatation, which increases flow (Poiseuille’s, giving heat and redness), decreases velocity (continuity eq’n, leading to stasis of blood at site of injury), and increases hydrostatic pressure (Bernoulli, leading to outflow of things from the vessels).
· Acute inflammation is also characterized by increased vascular permeability.  The movement of protein into the tissues alters oncotic pressure to favor fluid movement to the interstitium.  Also, the increased hydrostatic pressure from the changes in vessel caliber/flow forces fluid out.  Normally, the fluid lost on the arteriolar side is taken back up on the venular side by oncotic pressure, but in inflammation protein loss prevents this re-uptake and leads to edema.

· The mechanisms of this include contraction of endothelial cells (reversible, short lived), reorganization of their cytoskeletons, transcytosis, and direct endothelial injury.  When endothelial cells contract, only a basement membrane remains.  Cells make proteases that break it down, and stuff leaks out.

· The triple response of Lewis sums up the vascular response:  first you get vasoconstriction and an injury is white, second you get fluid leakage (wheal), and third you get vasodilation (flare).
· Cellular events:  Inflammation seems to deliver leukocytes to kill microbes and degrade necrotic tissue.  The process of leukocyte movement from the blood to tissue is extravasation.  
· Granulocytes:   Neutrophils (acute inflammation), Eosinophils (allergies, parasitic infections), and Basophils/Mast Cells (allergic hypersensitivity).  

· Mononuclear phagocytes:  Monocytes and Macrophages (phagocytic, antigen presentation, secrete cytokines).

· Lymphocytes and plasma cells:  not a big part of acute inflammation, they are involved with immune response activation.  T (helper, killer, natural killer) and B (plasma) cells.  NK cells produce proinflammatory cytokines and lyse target cells.
· Platelets:  Important for vascular integrity and maintenance of flow.  

· The type of leukocytes varies with age of the inflammatory lesion.  Neutrophils predominate for the first ~24 hours, then monocytes/macrophages come from 24-48 hours, and finally lymphocytes populate the lesions and remain common in lots of chronic inflammation.

· The process of extravasation includes margination, rolling and adhesion in the lumen, diapedesis (passage across the endothelium) and chemotaxis along a chemical gradient.  Normally, leukocytes travel along the wall of vessels and erythrocytes are in the middle, but with inflammation, leukocytes are pushed further outward (margination).  In rolling, leukocytes tumble across the endothelium, halting at some points.  Eventually they firmly attach to the endothelial surface (mediated by CAMs on activated leukocytes and activated endothelial cells).  
· Adhesion molecules come in three families:

· Integrins:  Most abundant.  Heterodimers of an α and β subunit.  Their subfamilies are defined by the beta subunits.  Β1 integrins (VLAs) mediate binding to the ECM.  VLA-4 is only on leukocytes, and mediates attachment to endothelial cells’ VCAM-1.  A β2 integrin, LFA-1, mediates attachment to endothelial cells’ ICAM1.  LFA-1/ICAM1 binding is regulated by magnesium dependent conformational changes to increase binding affinity and calcium dependent multimerization of LFA-1 to increase avidity.  

· Selectins:  Three C-type lectins are expressed exclusively by endothelial cells and bone-marrow-derived cells.  They are calcium dependent, and use a conserved carbohydrate recognition domain (CRD).  They mediate adhesion, but also have signaling functions to activate leukocytes.  E-selectin is expressed on inflamed endothelium, binds to leukocytes’ PSGL-1 and is the hallmark of cytokine induced inflammation.  
· Addressins:  more molecules expressed on endothelial cells that bind to lymphocyte receptors.  

· Adhesions molecules to know:  

	Endothelial molecule
	Leukocyte receptor
	Major role

	VCAM-1
	(4(1 integrin
	Adhesion

	ICAM-1
	LFA-1
	Adhesion, diapedesis

	P-selectin
	PSGL-1
	Rolling

	E-selectin
	PSGL-1
	Rolling

	GlyCam-1
	L-selectin
	Homing to HEV


· Leukocyte recruitment process:  non-activated leukocytes have low affinity CAMs.  Dilated vessels slow them down, and they roll/tether along cytokine-activated endothelial cells via selectins.  In reponse to chemokines, the leukocytes are activated too, and their integrins become high affinity.  They adhere and move up chemokine gradients to migrate through the vessel walls.  Endothelial cells sequentially express different adhesion molecules that preferentially  bind different leukocytes.  

· Diapedesis (transmigration) occurs through intercellular junctions.  It mostly happens in the venules, which have very little smooth muscle.  Leukocytes secrete collagenases to penetrate the basement membrane.  Once through, they follow chemotactic gradients of exogenous and endogenous (complement, chemokine) substances.  

· Chemokines may be quite specific for the cell types they direct:  

· IFN-γ from the host → CXCL 9, 10, 11 → monocyte, macrophage recruitment.

· Phagocytosis:  opsonic phagocytosis occurs when a pathogen is covered by Fc receptors or complement receptors that enhance its phagocytosis.  Non-opsonic phagocytosis occurs via PAMPs that TLRs and other receptors recognize.  In phagocytosis, engagement of surface receptors activates internalization, and the phagosome fuses with lysosomes.  

· Neutrophils produce microbicidal free radicals, which occur within phagocytic vacuoles.  NAPDH oxidase converts oxygen to superoxide, which is converted to hydrogen peroxide.  Myeloperoxidase converts hydrogen peroxide into HOCl, which destroys bacteria.  People with Chronic Granulomatous Disease have defects in NAPDH oxidase and are susceptible to infection, especially by microbes that produce catalase, and enzyme that degrades hydrogen peroxide.  

· Chemical mediators of inflammation include:

· Vasoactive amines:  histamine and serotonin, which are ready to be released from mast cells in seconds.

· Plasma proteases:  complement proteins, kinin system (pain, vascular permeability), clotting system.

· Arachidonic acid metabolites: prostaglandins and leukotrienes, which aspirin blocks.

· Cytokines.  

· Acute inflammation is characterized by vasodilation and leakage, and cellular extravasation and phagocytosis.  Its 4 outcomes include complete resolution and restoration of normal anatomy, healing by CT replacement (MOST COMMON, includes granulation tissue/organisation or fibrosis), abscess formation or chronic inflammation.

· Granulation tissue and Organisation occur when there is substantial tissue destruction and lots of fibrin exuded.  The CT at the site of injury will transform into granulation tissue, which includes neovascularization, macrophage and myofibroblast migration/proliferation, and production of collagen fibers that can lead to fibrosis.  

· The granulation tissue is packed with cells, though it still appears edematous/pale.  There, capillaries, fibroblasts, myofibroblasts, and macrophages proliferate and a lot of collagen is deposited.  The fibroblasts produce a lot of it, as do the contractile myofibroblasts.  

· Keloids form when there is a propensity toward excessive collagen deposition in granulation tissue, which forms a raised scar.  They are characterized by broad bands of collagen that replace normal dermal structures.  Excessive collagen can be deposited after inflammation, as in cirrhosis of the liver.

· Organisation is the process in which granulation tissue replaces necrotic tissue or a thrombus/clot.  It can occur with inflammation, wound healing, infarct or thrombus.  

· Ex:  Lung inflammation leads to fibrin exudate in pleural space.  It’s not easily removed, and organization occurs (neovascularization, fibrous tissue and adhesions).

· An abscess is a localized collection of pus in a newly formed cavity.  An empyema is when pus collects in an existing cavity.  Pus is neutrophils, necrotic debris and edematous fluid.  It’s typically caused by Staph infections.  

· An abscess has a central region of necrotic debris.  Around this is a zone of preserved neutrophils.  The outermost region is of vascular dilation and fibroblastic proliferation that may wall off the abscess with CT.  An abscess may empty its contents via a fistula into an internal cavity or out of the body.  

· A phlegmon (aka cellulitis) is an acute infection that spreads along the skin and subcutaneous tissue before it can be walled off (unlike an abscess). Common causes include S. aureus and some Strep.

· Chronic inflammation is a prolonged process where acute inflammation and destruction occur concurrently with attempts at healing or immune responses.  It may be primary with no acute event that precipitates it (typical of autoimmunity), or it may be secondary to an acute inflammatory episode.  

· Chronic inflammation may be caused by the same things that cause acute inflammation if they persist (microorganisms, autoimmunity, foreign material).  

· Chronic inflammation may be classified as:

· Macrophagic (diffuse or granulomatous)

· Lymphocytic (diffuse or follicular)

· Suppurative (uncommon, characterized by neutrophils and abscess formation)

· Macrophages (aka histiocytes) circulate as monocytes then migrate into various tissues.  They are the body’s main phagocytic cells, and also induce immune reactions via antigen presentation and release of many cytokines.  Macrophages, particularly when activated, release a lot of substances and are central in chronic inflammation.  They are a big part of the body’s defense, but can induce a lot of tissue damage.  
· Stuff released by macrophages:  NO, ROS, proteases, cytokines, growth factors, enzymes, complement components, coagulation factors, eicosanoids, etc.  

· Types of macophagic inflammation:  

· Diffuse (non-granulomatous):  macrophages interspersed among other inflammatory cells.

· Granulomatous:  macrophages arrange into compact follicles and assume an epithelioid appearance (columnar, large, pale, granular, indistinct boundaries).
· Granulomatous inflammation (macrophages):  a type of chronic inflammation in which the predominant cell type is an activated macrophage with an epithelioid appearance.  
· A granuloma is a focal area of granulomatous inflammation, usually a cluster of epithelioid macrophages surrounded by lymphocytes.  It may include a caseation center (cheesy, pus, necrotic debris, or bacteria).  It also has GIANT CELLS, which are epithelioid cells fused together…a classical feature of a granuloma.  There are other epithelioid cells, surrounded by lymphocytes and possibly enveloped in a fibrous capsule.  
· The insulting agent determines if a granuloma will form.

· Multinucleated giant cells may contain 20 or so nuclei and be up to 50 microns.  Nuclei may be arranged peripherally like a horseshoe (Langhans cells) indicating TB or sarcoidosis.  Or, nuclei may be arranged haphazardly, indicating ingestion of insoluble material.  

· A granuloma may be a foreign body granuloma or an immune granuloma (triggers cell mediated immunity).  

· Foreign body granuloma:  induced by an inert foreign body too large to be phagocytosed by a single macrophage.  Epithelioid cells encircle the foreign body.  

· Immune granuloma:  caused by particles that induce a cell-mediated immune response.  Macrophages engulf the material, process it and present it to T cells.  T cells make cytokines that transform macrophages into epithelioid and giant cells.  These are commonly caused by TB, various infections, and some autoimmune disorders.  

· A tubercle is an immune granuloma in response to myobacterium tuberculosis. 

· Lymphocytic chronic inflammation includes lots of the diffuse inflammation in response to autoimmunity seen in the USA.  Lymphocytes may also form follicles that look like lymph nodes.  

Neoplasia:  Introduction and Overview 9/3:

· A neoplasia is a clonal proliferation of cells with somatic alterations and aberrant regulation of growth.  Non-threatening ones are benign.  Malignant neoplasias are characterized by the abilities to invade adjacent tissue or metastasize to distant tissue.  

· A tumor is just a mass formed by a neoplasia.  Pre-invasive (in situ) neoplasms don’t form tumors.  

· Though they share several key features, cancers are very heterogeneous.  Their common properties include dysregulated population growth, the abilities to invade and metastasize, the ability to modify the host environment, an extended doubling potential, and genomic instability.

· Dysregulated population growth:  Cancer cells typically ignore external signals regulating when to replicate, resulting in inappropriate replication.  Many known genetic defects (p53, cyclin D1, RB, Akt) in cancer affect genes related to growth factors and cell cycle regulation.  Despite this, not all cancers are completely autonomous to cell-growth regulation.  Usually, but not always, cancers have increased fractions of cells undergoing mitoses compared to normal cells.  

Another contributing factor may be reduced cell death, often via resistance to apoptotic signals.  Common mutations in cancer also affect apoptosis genes (p53, Akt, Bax, Bcl2).  So, in many cases, stopping cells from dividing inappropriately may fail to stop tumor growth.  In some cases, called, oncogene addiction, a cancer is highly dependent on one mutation, but this isn’t very common. Growth factor (EGFR, Her2) signaling may also be altered. 
· Ability to invade and metastasize:  Malignant neoplastic cells (cancer cells) can invade adjacent normal tissues and metastasize to distant sites.  Normal cells are confined to specific compartments, and require intercellular signals that indicate this for their survival.  
With invasion, cell surface receptors for the native environment may be lost.  E-cadherin (signaling, adhesion molecule) is commonly lost.  Many cancer cells also express new cell surface receptors allowing them to bind ECM components.  The tissue of origin loses some order and begins to remodel.  Some malignant cells then secrete proteolytic enzymes (matrix metalloproteinases, cathepsin D).  Due to a lack of basement membrane, lymphatics are prone to invasion.  Venules are likewise more frequently invaded, as they have less structure than arterioles.  Dense collagen and cartilage are quite resistant to invasion.
Metastasis occurs by lymphatics or blood.  Cells must invade and survive the vascular environment, particularly its shear stress and anoikis, apoptosis from the lack of solid matrix.  Some cancer cells have “stem like” properties such as small size that help them survive.  Malignant cells must also be able to adhere to and extravasate through the vascular walls.  The location is often determined by the drainage pattern, and lymph nodes are common sites of metastasis.  For tumor growth in a secondary site, the environment of a tissue must be somewhat suitable for that cancer cell’s properties (seed and soil hypothesis).  One important factor influencing this may be the chemokines present, kind of like how leukocytes figure out where to leave the bloodstream.  

· Modification of host environment:  Tumors consist of stroma, inflammatory cells and vessels in addition to the cancer cells.  
Many cancers produce angiogenic substances (VEGF, FGF), while others produce anti-angiogenic factors (endostatin, angiostatin).  An anti-VEGF antibody (bevacizumab/avastin) has been used to treat some cancers.  
Cancers are often sufficiently altered to elicit a cell-mediated immune response, and many have strategies to evade immune surveillance.  These include cytokines (TGF beta) or prostaglandin (PGE2) release, release of proteins that inhibit immune cells (IDO, ARG1), expression of decoy receptors, and secretion of decoy antigens.  

Many cancers also secrete humoral factors like ectopic hormones (ACTH, PTH related protein) and cachexins (TNF).  They contribute to morbidity and mortality, but are poorly understood.  They can result in paraneoplastic syndromes or cancer cachexia (wasting).

· Extending doubling potential of tumor cells:  Hayflick showed there to be limits to how long cells can replicate, which we now know is related to telomere length.  Most cancer cells express increased telomerase to maintain telomeres indefinitely; it’s normally only expressed in renewing cell populations.  Cancer cells still have shortened telomeres, likely because telomerase wasn’t activated until after telomeres had been shortened.  Telomerase deficiency seems to lend itself toward chromosomal instability.  Assessing levels of telomerase could be useful in cancer diagnosis/detection, or even therapy though there is some activity in normal cells.
· Genomic instability:  Most cancer cells have abnormal chromosome number and structure, suggesting that they are continuously rearranged as tumor cells divide.  Shortened telomeres contribute to this, making chromosomes prone to breaks and rearrangements.  Inadequate mitotic spindle checkpoints , DNA damage checkpoints involving p53/BRCA that lead to translocations, and mismatch repair (increases mutation rate) also contribute.  Microsatellites are particularly prone to mismatch repair errors, called microsatellite instability (MSI).  
Genomic instability is likely part of the carcinogenesis process, or else it’s unlikely any one cell would accumulate so many mutations.  These changes also result in the morphologically abnormal nuclei we see in lab (hyperchomatism, abnormal/irregular nuclei).  Mitosis also looks abnormal in these cells.  This also allows cancers to rapidly mutate and acquire new properties like drug resistance.  

Carcinogenesis, Cancer Development, and Growth of Cancers 9/3:

· Cancers arise from clonal evolution, meaning that sequential genetic changes are accompanied by clonal expansion of cells with a selective advantage for growth or survival.  This increases the changes of multiple mutations accumulating in any single cell.  The expansion is a non-genetic component of carcinogenesis.  When these altered cells divide (for extrinsic or intrinsic reasons), it’s called tumor promotion.  
· The steps of carcinogenesis are initiation (irreversible DNA alteration), promotion (stimulation of clonal expansion of that cell), and conversion to malignancy.  A genotoxin is something that induces mutation, both initiation and conversion.  Human cancers require more than two mutations.

· You can get chromosomal injury and pathologically atypical cells without invasion.  These in situ cells may eventually become invasive and result in invasive/metastatic tumors.  From the first mutation to the clinical presentation, it may take 15-50 years to accumulate the mutations.  So there’s a long latency period between the cellular/genetic injury and development of the cancer to clinical significance.  
· Lesions with more nuclear atypia are called carcinoma in situ, whereas those with less nuclear atypia are called hyperplasias (technically a misuse of the term, since this is clonal).  Intermediate levels of atypia are called dysplasias.  

· Not all early neoplasms result in invasive cancers, but some are more likely than others (esp. higher grade ones).  

· Though cancers are ‘clonal’ in origin, they still have quite a bit or heterogeneity.  They all arise from a single precursor cell with some genetic changes common to all cancer cells.  But due to genetic instability, they develop more genetic changes over time, resulting in heterogeneity.  As the tumor evolves, one cell type generally predominates. 

· Most benign tumors don’t make it all the way to cancer.

Pathology of Neoplasia 9/3:
· Nomenclature of neoplasia recognizes the pattern of differentiation (usually tissue or origin) and whether the tumor is benign or malignant.  

· The suffix –oma usually indicates a benign tumor.  Exceptions: melanoma, astrocytoma, lymphoma, hepatoma.  

· The suffixes –carcinoma (epithelial origin) and –sarcoma (mesenchyme/stroma) always refer to malignant tumors.  

· There are 5 major patterns of differentiation (some tumors may have multiple patterns):

· Hematopoietic: may be leukemia (blood) or lymphoma (lymph nodes), both are malignant.
· Epithelial:  may be squamous (squamous papilloma-benign, squamous cell carcinoma/epidermoid carcinoma-malignant), glandular (adenoma-benign, adenocarcinoma-malignant), basal (basaloid), transitional (ex: urothelial), or undifferentiated.  Liver=hepatic adenoma-benign, hepatoma/hepatocellular carcinoma-malignant. 

· Mesenchymal: smooth muscle (leiomyoma-benign, leiomyosarcoma-malignant), adipocyte (lipoma-benign, liposarcoma-malignant), cartilage (chondroma-benign, chondrosarcoma-malignant), bone (osteoma-benign, osteosarcoma-malignant), endothelial (hemangioma-benign, hemangiosarcoma-malignant).

· Melanocytic:  melanocytic nevus-benign, melanoma-malignant.

· Glial: may be astrocytoma, ependymoma, or oligodendroglioma, all of which are malignant.

· Mixed epithelial/mesenchymal: fibroadenoma-benign, carcinosarcoma-malignant.

· More than 1 germ cell layer from pleuripotent stem cells:  Teratoma

· Descriptive terms like papillary (some stroma, cauliflower-like), cystic, polypoid (lots of stroma), mucinous, annular, or schirrhous may also be applied.   
· Some not-yet-metastatic cancers are not completely benign, and they have intermediate malignant potential.  They may be termed “low malignant potential” or “borderline,” and one important example of this is a carcinoid tumor (neuroendocrine differentiation), which may occur in the respiratory or digestive systems.  

· Most neoplasms of solid tissues form visible tumors.  In situ neoplasm may be much harder to recognize with the naked eye.  

· Benign tumors are generally well circumscribed and often encapsulated.  Malignant tumors can be identified by local invasion into adjacent normal tissue, or metastatic spread.  

· Cytologically, benign cells have a low nucleus:cytoplasm ratio, a round nucleus with even chromatin and inconspicuous nucleoli, cell polarity and differentiation, uncommon mitoses in the appropriate locations.  Cytologically, malignant cells have a larger nucleus with irregular shape, irregular distribution of chromatin, and prominent nucleoli, loss of polarity and variable loss of differentiation, common mitoses with atypical appearances.  

· In addition to histopathology and cytopathology, the clinical situation is also important in considering the diagnosis of malignancy.  Some sites may be more likely (colon) than others (uterus) to be malignant.  Certain cancers have different malignancy rates between genders (ex: gonadal teratomas in males are much more aggressive).  Age also plays an important factor for some tumors, with teratomas in boys’ testes being much more benign than in men.

· The grade of a cancer refers to the degree of malignant features cells have (low has less than high).  A well differentiated neoplasm closely resembles normal tissue, whereas a poorly differentiated one doesn’t.  Poor differentiation and high grade tend to go together.  There are standard criteria for grading, based on nuclear and tissue level features.  Grade isn’t always predictive of how malignant something will be.

· The stage of a cancer is used to designate the extent of the cancer’s spread.  This is more influential in predicting clinical behavior than grade.  There is a TNM system of grading.  

· T (size and extent of spread of tumor) ranges from T0 (absent)/T1 (small, no invasion) to T4 (very large, extensive invasion)

· N (spread to lymph nodes) ranges from N0 (none)/N1 (single or ipsilateral node), to N3 (distant, contralateral nodes affected)

· M (metastasis to distant organs) includes M0 (absent) and M1 (present)

· An alternative staging strategy combines these, and ranks them as stages:  0, IA, IB, IIA, IIB, IIIA, IIIB, or IV (if M=1).  The higher the stage, the bigger and more spread the cancer.
· Immunohistochemistry can be used to examine neoplasms.  For example, you can stain prostate cancer for a marker of the basal layer, which no longer exists in invasive cancers.  AMACR is an enzyme that is overexpressed in most prostate cancers, and can also be stained for.  It’s not a great technique for telling benign from malignant, but can be useful for determining the tumor’s phenotype/line of differentiation/tissue of origin.  Ex:  CD20 indicates an origin in the colon, CK7 the breast. 

· Cancer can be detected with molecular markers, like PSA or DNA with H-ras mutations (in colorectal cancer).  There are big limits to this though.
· What we can outline so far doesn’t really tell us much about how a cancer will respond to treatment, in most cases.  Hopefully they can find more predictive markers and molecular classifications that are relevant to therapies.  Ex:  measure estrogen receptors in breast cancer (more has a better prognosis).  

Molecular Genetics 9/5:

· There are lots of social controls (adhesion signals, cytokines) on cells and tissues needed for growth and survival.  The normal mutational load that occurs is handled by limiting the number of divisions in germ cells (normally there’s a quite high rate of mutation) and innate resistance mechanisms to tumorigenesis.  Most malignancy requires multiple mutations.

· Over generations subclones may accumulate mutations and compete.  Those with a reproductive or survival advantage can dominate over time.  Initial mutations often don’t do much, but as they accumulate the effects can be big, especially when a mutation increases the rate of subsequent mutations.

· Clonal selection theory:  neoplasia requires multiple steps.  Some mutations lead to a  selective advantage, and clonal changes reflect the key selected events.  So tumors are homogeneous for early changes, but may be heterogeneous for later changes. 

· Types of mutations include oncogenes (gain of function, usually dominant), tumor suppressor genes (loss of function, usually recessive), genome maintenance genes (loss of function, usually recessive), and genes that affect telomeres.  There are also lots of passenger mutations, which are very common and don’t have an effect on the neoplasm.  They may predate the neoplastic changes and make identifying causal genes difficult.
· To test if a cancer is caused by an oncogene or tumor suppressor, fuse a neoplastic cell with a normal cell.  If oncogenic, the result will be neoplastic.  If tumor suppressor, it’ll be normal.

· Mutation types include translocation, amplification (creates double minutes of extra DNA representing the amplified region), point mutations, and deletions.  

· Telomeres are shorter than normal in neoplasia, but they survive.  So the senescence mechanism is somehow turned off.  

· When two chromosomes fuse, you can get multiple centromeres that result in abnormal mitoses and breaks in chromosomes or changes in chromosomal number.  

· To find oncogenes, they added transforming DNA to cells, implanted them in mice and got tumors.  So, the mutated genes must have been oncogenes.  Oncogene functions include growth factor receptors, signal transduction mutations, changes in nuclear oncoproteins that affect gene expression, anti-apoptotic factors and tumor-suppressor antagonists.  

· Tumor suppressor gene functions include adhesion molecules, cytoskeletal components, signal transduction or cell cycle regulators, apoptotic factors, and chromatin structural molecules.  Many viral proteins inhibit the same regulatory proteins to promote replication, in an example of convergent evolution.  
· You may have cascades of tumor suppressor and oncogene products that inhibit influence one another.

· Dominant oncogenes are rarely inherited since they usually result in developmental defects.  Genome maintenance genes are commonly inherited, as are tumor suppressor genes.  Syndromes resulting from inheritance of one mutant copy of a tumor suppressor gene show autosomal dominant pedigree patterns, though their histology looks recessive with only a few neoplastic cells.  Syndromes like this include retinoblastoma, Li-Fraumeni syndrome, Adenomatous polyposis coli, von Hippel-Lindau, and neurofibromatosis. 

· Syndromes resulting from defective genome maintenance genes include xeroderma pigmentosa (need to be homozygous), HNPCC-Lynch syndrome (shows up if heterozygous), and for one mutation fanconi anemia (homozygous) or breast/ovary/pancreatic cancer (heterozygous).

· Rational therapy for cancer may seek to kill cells based on a cancer-cell specific biochemistry, or alter gene function/expression or immune response to a specific target.

· Mutation based drug resistance can occur, in which changes alter the drug binding pocket so the drug no longer works.  
