
Jonel Daphnis

Robbins 36-38 (Metaplasia), 79-80 (Chronic Inflammation I)
Metaplasia: is a reversible change in which one adult cell type (epithelial or mesenchymal) is replaced by another adult cell.

· May be adaptive measure that is sensitive to stress by cell types better able to withstand the adverse environment.  The more rugged resultant cells survive where the normal cells would have perished.

· Most common epithelial metaplasia is from columnar to squamous due to chronic irritation 

· the respiratory tract in response smoking.

· Stones in excretory ducts of salivary glands, pancreas, or bile ducts may cause replacement of secretory columnar epithelium to nonfunctioning stratified squamous epithelium.

· Vitamin A deficiency (retinoic acid) induces squamos metaplasia in the respiratory tract (interestingly, excess vitamin A suppresses keratinization).

· Less common metaplasia is from squamous to columnar, as in Barret esophagitis, in which the squamous esophageal epithelium is replaced by intestinal columnar cells (note: cancers that may arise here are glandular carcinomas).
· Metaplasia can be a double-edged sword.

· The resultant cells of metaplasia do not replicate the function of the normal cells’ that were replaced.  

· Mucus sercretion of the respiratory tract in the area of metaplasic replacement is lost.

· Non-functioning cells replace secretory cells in ducts.

· Persistent stressors that spur on metaplasia also, at times, induce cancer in the metaplastic tissue.

· In addition to the ex given above, the most common cancer in the respiratory arises from the squamous cells.

· Connective tissue metaplasia: the formation of cartilage, bone, or adipose tissue (mesenchymal tissues) in tissues that normally don’t have them.

· Myositis ossificans: bone formation in muscle that usually occurs after a bone fracture.

· Metaplasia is thought to arise from reprogrammed stem cells that differentiate along a new pathway.

·  Brought on by changes in signals generated by cytokines, growth factors, and the extracellular matrix.

· Bone morphogenetic proteins (BMPs) and  members of the TGF-( superfamily induce:

·  chondrogenic or osteogenic expression in mesenchymal stem cells while suppressing differentiation into fat or muscle.

· Transcription factors like MyoD for muscle, PPAR( for adipose tissue and CBFA-1 for osteoblastic differentiation.

· Vitamin A (retinoic acid) regulates cell growth, differentiation, and tissue patterning.

·  Certain cytostatic drugs cause a disruption of DNA methylation patterns.

Chronic Inflammation (CI): inflammation of prolonged duration (weeks of months) in which active inflammation, tissue destruction, and attempts to repair are proceeding simultaneously (e.g. rheumatoid arthritis, atherosclerosis, tuberculosis, chronic lung diseases). 

· CI arises under the following settings:

· Persistent infections microorganisms 

· Evokes delayed hypersensitivity.  

· CI response may take a specific pattern called a granulomatous reaction.

· Prolonged exposure to potentially toxic agents

· Silicosis due to inhaling silica.

· Atherosclerosis possibly due to toxic plasma lipid components.

· Autoimmune diseases like rheumatoid arthritis and lupus erythematosus.

· CI is characterized by:

· Infiltration with mononuclear cells – macrophages, lymphocytes, and plasma cells.

· Tissue destruction

· Attempts at healing by connective tissue replacement of damaged tissue

· Angiogenesis

· Fibrosis

· Mononuclear cells arise from a common precursor in bone marrow.

· Blood monocytes (half life is about one day) rise from this precursor and travel into tissue to form tissue macrophages (life span is several months):

· Kupffer cells in liver

· Sinus histiocytes in spleen and lymph nodes

· Alveolar macrophages in lungs

· The journey from bone marrow to tissue is regulated by cytokines, adhesion molecules, cellular interactions, growth and differentiation factors.

· Macrophages can under further change by becoming activated.  

· This change includes:

· Increased size

· More lysosomal enzymes

· More active metabolism

· Greater ability to phagocytose and kill ingested microbes

· Activation signals include:

· Cytokines like IFN-( secreted by sensitized T lymphocytes

· Bacterial endotoxins

· Extracellular matrix proteins like fibronectin

· Once activated, if left unchecked, the accumulation and secretions of the macrophages may cause CI by:

· Continually recruiting monocytes from circulation caused by the expression of adhesion molecules and chemotactic factors like:

·  C5a, MCP-1, platelet-derived growth factor and TGF-(, fragments from the breakdown of collagen and fibronectin, and fibronopeptides.

· Local proliferation of macrophages.

· Known to occur in atheromatous plaques

· Immobilization of macrophages within the site of inflammation.

· May be by cytokines (macrophage inhibitory factor) and oxidized lipids.
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Note – Jonel had the previous section but for the sake of continuity I’m actually starting at the bottom of page 80 next to “1.”

In chronic inflammation, macrophage accumulation persists, mediated by different mechanisms, each having different types of reactions:

1. Steady expression of adhesion molecules and chemotactic factors (  continued recruitment of monocytes from the circulation.  This is the most important source for macrophages.  Chemoctactic stimuli include: 

C5a

Chemokines from activated macrophages, lymphocytes (e.g. MCP1)

Growth Factors (PDGF and TGF B)

Collagen and fibronectin fragments

Fibrinopeptides

2. Local proliferation of marcrophages after they emigrate from the bloodstream.  Mostly occurs in atheromatous plaques.  

3. Immobilization of macrophages within the site of inflammation via certain cytokines (macrophage inhibitory factor) and oxodozed lipids.

The macrophage is the central figure in chronic inflammation.  The activated macrophage can produce a great number of substances.  Some are toxic to cells (NO and oxygen metabolites) or extracellular matrix (proteinases), some are attractant to other cells (cytokines and chemotactic factors), and others cause fibroblast proliferation, collagen deposition and angiogenesis (growth factors).  Thus macrophages are powerful defenders, but can also cause lots of destruction.  

Tissue destruction (especially connective tissue) is one of the hallmarks of chronic inflammation.  Necrotic tissue itself can perpetuate the inflammation cascade.

Other cells in chronic inflammation:  

Lymphocytes – Use adhesion molecules (e.g. ICAM) and chemokines (e.g. RANTES)to migrate to inflammatory sites.  They are activates by contact with antigen and produce lymphokines – including IFN-gamma that stimulates monocytes and macrophages.  Macrophages then make cytokines that in turn activate more lymphocytes.  Very cyclic and perpetuating.

Plasma cells – make Ab’s against persistent Ag’s or altered tissue components at inflammatory site.  

Mast cells – Have receptors on surface that bind Fc of IgE and cause degranulation and release of mediators (e.g. histamine).  This occurs in anaphylactic shock and some parasitic infections.  

Eosinophils – Characteristic of reactions mediated by IgE and parasitic infection.  Eotoxin drives extravasation from blood.  Eosinophils contain granules on major basic protein which is toxic to parasites and causes lysis of mammalian epithelial cells (thus can conricute to tissue damage).  

Neutrophils all the hallmark of acute inflammation – but many can be present in forms of chronic inflammation (e.g. osteomyelitis).  They are also involved in chronic lung damage due to smoking.

Granulomatous Inflammation – Predominant cell is activated macrophage with modified epithelial-like appearance (epitherliod).  Tuberculosis is the key example of granulomatous disease (leprosy and syphilis are some others).  


A granuloma is a focal area of granulomatous inflammation that consists of aggregated macrophages (now “epitheliod cells” – pink cytoplasm, oval nucleus, indistinct boundaries) surrounded by a collar of mononuclear lymphocytes (mostly lymphocytes and a few plasma cells).  Some epitheliod calls fuse to form giant cells – large masses of cytoplasm containing 20+ small nuclei arranged at the periphery (Langhans-type giant cell) or haphazardly (foreign body-type cell).  

Two types of granulomas – 

Foreign body granulomas – incited by inert foreign bodies (sutures) that don’t incite inflammation or immune response.

Immune granulomas – caused by insoluble particles capable of inducing cell-mediated immune response.  T cells are activated, produce cytokines (including IFN-gamma that transforms marcrophages into epitheliod cells and giant cells) and the cycle perpetuates.  

In tuberculosis, the granuloma is called a tubercle and is characterized by the presence of central caseous necrosis (rare in other granulomatous diseases).  The point is – you can identify many granulomatous diseases by morphological patterns, but often it is necessary to special stains for the infecting organisms (e.g. acid-fast stains for tubercle bacilli).  

Lymphatics in Inflammation – The lymph system filters and polices extravascular fliud, it represents a second line of defense against when local inflammation fails to contain or neutralize an injury.  Lymphatics are tiny delicate channels lined by continuous endothelium (but cell junctions are loose), little basement membrane and no muscular support.  They can contain fluid, lymphocytes and debris.  Lymph flow is unidirectional, thanks to valves.  


Lymphatic drainage can be affected by injury (via chemicals or bacteria) and they can become inflamed (lymphangitis).  Nodes are also subject to secondary inflammation (lymphadenitis).  Nodal enlargement can occur as a result of hyperplasia of lymphoid follicles and/or hyperplasia of phagocytic cells lining the sinuses of lymph nodes.  


This secondary defense can sometimes be overwhelmed and the infection can gain access to the vasculature, inducing a bacteremia.  The next line of defense in phagocytic cells of the liver, spleen, and bone marrow – but these an be owerwhelmed as well.  Heart valves, meninges, kidneys and joints are favorite places for blood-borne organisms to implant, causing endocarditis, meningitis, renal abscesses and septic arthritis.  

Morphological Patterns in Acute and Chronic Inflammation -  features of inflammatory responses often point to their cause and create distinctive patterns.  

· Serous inflammation  - marked by an accumulation of fluid from blood serum or secretions of mesothelial cells lining the peritoneal, pleural and pericardial cavities (called an effusion).  An example is skin blistering from a burn, which represents an accumulation of serous fluid in or beneath the epidermis.  

· Fibrous Inflammation – this occurs when injury results in a larger increase in vascular permeability (as opposed to serous which is a smaller increase in permeability) allowing large molecules like fibrin to pass.  Thus a fibrinous exudates results, which may eventually be removed by fibrinolysis in a process called resolution.  If the fibrin is not removed, scarring will result (organization). Fibrous exudate is characteristic of inflammation in body cavities, such as pericardium and pleura.  

· Suppurative or Purulent Inflammation – characterized by the production of purulent exudates (pus) made of neutrophils, necrotic cells and edema fluid.  Abscesses are focally localized collections of purulent inflammatory tissue caused by suppuration buried in a tissue, an organ, or a confined space.  This is the result of deep seeding of pyogenic bacteria into a tissue.  Abscesses have a central region of necrosis surrounded by a zone of preserved neutrophils and further out, a region of vascular dilation and parenchymal proliferation.  With time, abscesses may be walled off by connective tissue, limiting further spread.

· Ulcers – local defects or excavations on the surface of an organ or tissue that are produced by the sloughing of inflammatory necrotic tissue.  It is most common in inflammatory necrosis of mucosa lining the gut or genitourinary tract as well as subcutaneous inflammation of the lower extremities in older patients with circulatory problems.  
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Systemic Effects of Inflammation

Acute Phase Reaction

1. endocrine and metabolic

a. secretion of acute phase proteins by liver

i.e. C Reactive Protein (CRP), Serum Amyloid A, Serum Amyloid B

· bind microbial cell walls, act as opsonins and fix complement, bind chromatin

· beneficial in acute inflammation, cause secondary amyloidosis in chronic inflammation

other acute phase proteins include complement and coagulation proteins

b. increased production of glucocorticoids

c. decreased secretion of vasopressin

2. autonomic

- redirection of blood flow from cutaneous to deep vascular beds

3. behavior

 

- rigors, chills, anorexia, somnolence, malaise

Fever

· 1-4 degree elevation

· improves efficiency of leukocyte killing

· mediated by cytokines esp. IL-1, IL-6, TNF(
· IL-1 acts directly and induces IL-6

· cytokines enter brain via areas lacking blood brain barrier or cross blood brain barrier using specific transport mechanisms

· transmit signal to brain via vagus 

· activate brain vasculature signaling release of mediators i.e. NO, PGE, IL-1B
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Leukocytosis

· common feature of inflammatory reaction

· extreme form leukomoid reactions

· accelerated release of leukocytes caused by IL-1 and TNF results in "shift to the left"

· prolonged infection results in proliferation of precursors

· production of CSF stimulated by IL-1 and TNF

· most bacterial infections induce neutrophilia, exceptions include:

· infectious mononucleosis, mumps, german measles increase lymphocytes

· bronchial asthma, hay fever, parasitic infections cause eosinophilia

· typhoid fever, viral infection, rickettsiae, protozoa, TB, disseminated CA cause leukopenia

Pp 102-104

Proteoglycans and Hyaluronan

· components of ECM

· Proteoglycans consist of a core protein linked to one or more glycosaminoglycans 

· very diverse, named for principal repeating disaccharide

· examples are heparin sulfate, chondroitin sulfate, dermatan sulfate

· regulate connective tissue structure and permeability

· can also be integral membrane proteins and are modulators of cell growth and differentiation

· Hyaluronan consists of many repeats of a simple dissacharide stretched end to end

· ligand for core proteins

· backbone for proteoglycans

· associates with cell surface receptors that regulate cell proliferation and migration

· binds water to form gel

Summary of Cell Growth and Differentiation

· involves cellular integration of multiple signals

· signals may be derived from polypeptide growth factors, cytokines, and/ or growth inhibitors or may be derived from ECM components and proceed through integrin dependent signaling (can be direct or indirect)

· unique pathways and cross talk between signaling pathways integrates the signals controlling cell proliferation, growth and locomotion

Repair by Connective Tissue AKA Fibrosis

· tissue destruction occurs in necrotizing inflammation and is a hallmark of chronic inflammation

· attempts at repair result in fibrosis and scarring, which includes:

· formation of new blood vessels (angiogenesis)

· migration and proliferation of fibroblasts

· deposition of ECM

· maturation and organization of fibrous tissue AKA remodeling

· fibroblasts and vascular endothelial cells proliferate to form granulation tissue which is often edematous from leaky new blood vessels

Angiogenesis

· blood vessels are assembled in 2 processes- vasculogenesis (embryonic development) and angiogensis (preexisting vessels send out capillary buds)

· in angiogenesis the following steps occur

· proteolytic degradation of BM of parent vessel to allow formation of capillary spout

· migration, proliferation and maturation of endothelial cells (lumen formation)

· recruitment of periendothelial cells to support endothelial tubes

· controlled by interactions among growth factors, vascular cells, ECM

Growth Factors and Receptors

· VEGF and angiopoietins important in angiogenesis and vasculogenesis

Corinne Li
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Pathological Aspects of Wound Healing

Complications in Wound Healing:

1) deficient scar formation

2) excessive formation of the repair components

3) formation of contractures

Deficient scar formation

· Inadequate formation of granulation tissue or assembly of a scar leads to two types of complications:

1) wound dehiscence: rupture of a wound most commonly due to abdominal surgery;

due to increased abdominal pressure from vomiting, coughing, or ileus (obstruction of bowel).

2) wound ulceration: due to inadequate vascularization during healing.

Excessive formation of the repair components

· Aberrations of growth may occur even if there is initial normal wound healing

· Excessive amounts of collagen may give rise to keloid or hypertrophic scar

· Keloid formation has a genetic predisposition and is more common in blacks

· Excessive amounts of granulation tissue gives rise to exuberant granulation and blocks re-epitheliation; these must be removed to permit restoration of the continuity of epithelium

· Excessive proliferations of fibroblasts and other connective tissue elements may occur after incision or traumatic injuries. These are called desmoids or aggressive fibromatoses.

Contracture: exaggerated contraction of wound

· Contraction of wound is normal. Contracture, which is an exaggerated contraction of the wound leads to deformities of the wound and the surrounding tissues
· Prone to develop on palms, soles, and anterior aspect of thorax 
· Commonly seen after serious burns and can compromise movement of joints
**Mechanisms underlying fibroplasias of wound repair (cell proliferation, cell-cell interactions, cell-matrix interactions, and ECM deposition) are similar to mechanisms in chronic inflammatory fibrosis in diseases such as rheumatoid arthritis, lung fibrosis, and hepatic cirrhosis. These diseases are associated with persistence of initial stimuli for fibroplasias or the development of immune and autoimmune reactions.

Pages 251-253

Amyloidosis

· Amyloid is a pathologic proteinaceous substance, deposited between cells in various tissues and organs of the body in a various tissues and organs of the body in a wide variety of clinical settings.
· Amyloid deposition appears mysterious and therefore its clinical recognition depends on morphologic identification in appropriate biopsy specimens
· With light microscope, amyloid appears as an amorphous, eosinophilic, hyaline, extracellular substance that, with progressive accumulation, encroaches on and produces pressure atrophy of adjacent cells
· Congo red stain is used to differentiate amyloid from other hyaline deposits (e.g. collagen, fibrin) by producing a pink to red color to tissue deposits under ordinary light, but under polarizing microscopy, Congo red gives amyloid a green birefringence
· Amyloid is not a chemically distinct entity. It should not be considered a single disease, but rather as a group of diseases having in common the deposition of similar-appearing proteins.
Physical Nature of Amyloid  

· made up largely of nonbranching fibrils of indefinite length and a diameter of ~ 7.5 – 10 nm.
· Has characteristic cross beta-pleated sheet conformation
· Include serum amyloid P component, proteoglycans, and highly sulfated glycosaminoglycans
Chemical Nature of Amyloid

There are three major and several minor chemically distinct classes of amyloid fibrils.

Three are most common:

1) AL (amyloid light chain protein): 

· Immunoglobulin light chains derived from plasma cells

· lambda much more often than kappa

· Frequently associated with B-cell dyscrasias (e.g. Multiple myeloma)

2) AA (amyloid-associated protein):

· Nonimmunoglobulin protein derived from a 12,000 dalton serum precursor called SAA (Serum amyloid-associated) protein synthesized in liver and elevated in inflammatory states

3) (2-amyloid protein:

· Peptide found in Alzheimer disease that forms the core of cerebral plaques and deposits within cerebral vessel walls

· Derives from a trnsmembrane glycoprotein precursor (APP)

Other less common forms of amyloid:

1) Transthyretin (TTR):

· A normal serum protein that binds and transports thyroxine and retinol

· A mutant form is deposited as amyloid in a group of hereditary diseases called familial amyloid polyneuropathy

· Amyloid transthyretin (ATTR) deposited in the tissues differs from its normal counterpart by a single amino acid

2) 2-microglobulin:

· the smaller nonpolymorphic peptide component of class I MHC molecules and a normal serum protein

· identified as Am deposits in amyloidosis that complicates long term hemodialysis

3) amyloid protein (A

· constitutes core of cerebral plaques as well as amyloid deposits in walls of cerebral blood vessels found in Alzheimer disease

· derived from amyloid precursor protein (APP)

Clinical Forms of Amyloidosis

Amyloidosis is subdivided into systemic and localized.

Systemic Amyloidosis (involving several organ systems)

Subdivided into: 

1) primary amyloidosis, when associated with some immunocyte dyscrasia (e.g. B cell dyscrasia)

· most common form in US

· of AL type amyloid

· occurs in 5 to 15% of patients with multiple myeloma

· Malignant B cells synthesize abnormal quantities of a single immunoglobulin (M spike on serum protein electrophoresis) or immunoglobulin light chain (Bence Jones protein). Bence Jones proteins are frequently excreted in the urine because of their smaller size.

· The presence of Bence Jones proteins, although necessary, is by itself not enough to produce amyloidosis

· The type of light chain produced and the subsequent handling may have a bearing on whether Bence Jones proteins are deposited as amyloid

· The vast majority of cases of AL-type systemic amyloidosis are not associated with overt B-cell neoplasms. However, in almost all cases, monoclonal immunoglobulins or free light chains, or both can be found in serum or urine.

· These typically involves the heart, GI tract, peripheral nerves, skin, and tongue more than other organs

2) Secondary or reactive amyloidosis: occurs as a complication of an underlying chronic inflammatory or tissue destructive process

· Marked by AA type amyloid

· Associated with chronic inflammatory states (infectious and noninfectious) producing protracted cell breakdown

· Commonly complicates rheumatoid arthritis (most frequent), ankylosing spondylitis, and inflammatory bowel disease; also seen in heroine users who inject the drug due to chronic skin infection

· Typically involves kidney, liver, spleen, lymph nodes, adrenals, and thyroid

· May also occur in renal cell carcinoma and Hodgkin disease

3) Hemodialysis-Associated Amyloidosis: 

· Due to deposition (in joints, synovium, and tendon sheaths) of microglobulin not filtered by normal dialysis membranes

· Seen in 70% of patients on long term hemodialysis for renal failure

4) Heredofamilial Amyloidosis:

· Most common form is an autosomal recessive condition called familial Mediterranean fever, which is a febrile disorder of unknown cause characterized by attacks of fever accompanied by inflammation of serosal surfaces, including peritoneum, pleura, and synovial membrane. This condition is typically seen in Sephardic Jews, Armenians, and Arabs. Systemic amyloid is of AA type, suggesting that chronic inflammation plays a pivotal role.

Gene for familial Mediterranean fever has been cloned and is called pyrin; it is thought to regulate acute inflammation by inhibiting the function of neutrophils.

· Another form is Familial amyloidotic polyneuropathies which have autosomal dominant transmission and show deposition of variant transthyretins principally in peripheral and autonomic nerves. Fibrils are made up of mutant transthyretins (ATTR)

Robbins Review Notes Series 
Darrell Barker (6/4/02)
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Classification of Amyloidosis (cont’d)

Systemic (Generalized) Amyloidosis (cont’d)

Heredofamilial Amyloidosis-mostly rare, occur in isolated geographic regions


Ex. familial Mediterranean fever  (people of Armenian, Sephardic Jewish, Arabic descent)



-attacks of fever



-inflammation of serosal surfaces (peritoneum, pleura, synovial)



- widespread tissue involvement



- AA proteins (recall “amyloid associated” that is non-immunoglobulin and made in the liver) 



- gene for FMF produces “pyrin” (function not known-possibly inhibits neutrophils)

- so…a mutation in this gene causes huge, tissue-destroying immune response



Ex. familial amyloidotic neuropathies  (seen in Portugal, Japan, Sweden, U.S.)  




- autosomal dominant




- deposition of amyloid in nerves (peripheral, autonomic)




- ATTR proteins (recall “amyloid transthyretin”- differs from transthyretin by 1 a.a.)

Localized Amyloidosis


These are localized to single organ or tissue that are sometimes nodular (tumor-forming).  Nodular deposits found in lung, larynx, skin, bladder, tongue, region of the eye.

Sometimes, lymphocytes and plasma cells found at periphery of nodes yet it’s unclear whether they’re reacting to the amyloid or if they caused it.  (When the amyloid is AL-recall “amyloid light chain”- it is then ruled to be immunocyte derived amyloid.)


Endocrine Amyloid- derived from polypeptide hormones or unique proteins



Ex
-  medullary carcinoma of thyroid




-  islet tumors of the pancreas

-  pheochromocytomas   (uncommon neoplasms composed of chromaffin cells which synth and release catecholamines and sometimes peptide hormones)

- undifferentiated stomach carcinomas

- islets of Langerhans (in folks with type 2 DM)


Amyloid of Aging



Ex. senile systemic amyloidosis (patients in 70’s or 80’s)

· previously called senile cardiac amyloidosis
· restrictive cardiomyopathy and arrhythmias

· amyloid composed of normal transthyretin

(Another example of senile systemic amyloidosis  involves a mutant transthyretin allele carried by 4% of U.S. black population. Cardiomyopathy seen in homozygous and heterozygous patients)

Pathogenesis


Reactive systemic amyloidosis

Extended tissue damage + inflammation

↓

Elevated SAA levels (recall “serum amyloid-associated”-a precursor to AA fibrils) synthesized by liver cells under direction of IL-6 and IL-1

↓

Enzyme defect resulting in incomplete breakdown of SAA (or genetically derived structural abnormality in SAA which makes it resistant to breakdown)

↓

AA protein


Immunocyte dyscrasias 

Excess immunoglobulin light chains

↓

Defective degradation or proteolytic resistance of light chains

↓

AL protein

Familial Amyloidosis

Macrophages (?-not fully characterized)

↓

Genetically derived structural abnormality of transthyretins

↓

Abnormal aggregations 

↓

ATTR

Clinical Correlation

Amyloidosis range between no clinical manifestations or may cause death

Symptoms depend on;


-magnitude of deposits


-sites or organs affected

Clinical manifestations may include (earlier on) weakness, lightheadedness, weight loss and more specific findings related to;


Renal

- proteinuria

- nephrotic syndrome (Ch. 21-I wouldn’t worry about it now)



- obliteration of glomeruli



- renal failure, uremia


Cardiac



- congestive heart failure



- arrhythmias


GI

-enlargement, inelasticity of tongue (hampers speech and swallowing)



- malabsorption, diarrhea

Dx for amyloidosis depends on demonstration of deposits in tissue. Common test sites are:

· Kidney biopsy (for renal manifestations)

· rectal, gingival, abdominal fat biopsy (for systemic amyloidosis)

· serum / urine protein electrophoresis and immunoelectrophoresis (for immunocyte associated amyloidosis)

· bone marrow aspirates

Prognosis for patients with generalized amyloidosis is poor.  Those with immunocyte derived amyloidosis have a median survival of 2 yrs. after dx.  Patients with myeloma associated amyloidosis have even poorer prognosis although those with reactive systemic amyloidosis is somewhat better. 

Morphology


Amyloidosis secondary to chronic inflammatory disorders yield the most severe systemic involvements.  


Affected organs are often enlarged and firm with a waxy appearance. Large deposits turn yellow upon painting with iodine and then turn blue after application of sulfuric acid. 


Staining is key to identification. Most common uses dye Congo-red (amyloid turns pink-red) and under polarized light Congo-red shows a green birefringence. 


Kidney 
- most common, most serious, major cause of death

- may be enlarged, normal size or shrunken if advanced

- amyloid deposited in glomeruli primarily

- mesangial matrix thickened

- glomeruli capillary basement membranes widened

- glomeruli capillary narrowing and distortion lead to lumen obliteration


Spleen
- moderate to marked splenomegaly

- “tapioca-like” granules in splenic follicles (called sago spleen)

OR…..

- follicle sparing, large “map-like” areas of amyloidosis in walls of splenic sinuses (called lardaceous spleen)  


Liver

- moderate to marked hepatomegaly




- amyloid first appears in space of Disse (physio anyone?)




- encroaches on parenchymal cells and sinusoids




- eventual disappearance of hepatocytes




- displacement of large areas of parenchyma




- involvement of vasculature and Kupffer cells


Heart

- major organ of senile systemic amyloidosis



- heart could be normal or enlarged and firm




- deposits within myocardium between muscle fibers




- expansion of deposits leads to pressure atrophy of muscle fibers




- subendocardial deposits disrupts conduction


Other Organs (seen in systemic disease) 



Adrenals (with similar patterns in thyroid and pituitary)




- intracellular deposits adjacent to basement mb of cortical cells




- first deposits in zona glomerulosa




- progression leads to replacement of cortical parenchyma



GI (oral cavity to anus)




- early lesions affect blood vessels




- eventually affect submucosa, muscularis, subserosa




- tumor-forming amyloid of tongue





nodular depositions causing macroglossia



Respiratory (larynx to smallest bronchioles)



CNS

- brain (distinct chemical form of amyloid which forms plaques found in patients with Alzheimer disease)



PNS




- features several familial amyloidotic neuropathies



- deposition in carpal ligament of wrist in hemodialysis patients 




which results in compression of median nerve (carpal tunnel




syndrome)

Anastasia Rinis, pages 260-64

Definitions: 
Neoplasia means “new growth” and the growth is a neoplasm. 

The term tumor describes the swelling caused by inflammation.  

Oncology is the study of tumors or neoplasms. 

Cancer is the term used to describe all malignant tumors.

The most accurate definition of neoplasm was developed by the British oncologist Willis: “A neoplasm is an abnormal mass of tissue, the growth of which exceeds and is uncoordinated with that of the normal tissues and persists in the same excessive manner after cessation of the stimuli which evoked the change.”

A neoplasm has 3 characteristics:  The abnormal mass is:

1. purposeless

2. preys on the host

3. virtually autonomous  (ultimately, however, all neoplasms depend on the host for their nutrition and vascular supply)

Nomenclature:

Both benign and malignant tumors have 2 basic components:

1. proliferating neoplastic cells that constitute their parenchyma (determines nature of neoplasm)

2. supportive stroma made of connective tissue and blood cells (supportive stroma is needed for the growth and evolution of neoplasms)

Sometimes, the parenchymal cells stimulate the formation of an abundant collagenous stroma known as a desmoplasia 

The nomenclature of tumors is based on the parenchymal component.

Benign Tumors:

-are designated by attaching the suffix –oma to the cell of origin. Mesenchymal tumors generally follow this rule. (ie: benign tumor arising from fibroblastic cells is called a fibroma; a benign tumor of osteoblasts is an osteoma, and a cartilaginous tumor is a chondroma). The nomenclature of benign epithelial tumors is more complex.

Adenoma is the term applied to the benign epithelial neoplasm that forms glandular patterns as well as to the tumors derived from glands but not necessarily reproducing glandular patterns.

Papillomas are microscopically or macroscopically visible finger-like or warty projections from epithelial surfaces that are produced by benign epithelial neoplasms.

Benign epithelial neoplasms that form large cystic masses are called cystadenomas. Some tumors produce papillary patterns that protrude into cystic spaces and are called papillary cystadenomas.

When a neoplasm produces a macroscopically visible projection above a mucosal surface and projects into the gastric or colonic lumen, it is called a polyp. (This term is restricted to benign tumors.  Malignant polyps are called polypoid cancers)

Malignant Tumors:

The nomenclature of malignant tumors is as follows:

Malignant tumors arising in mesenchymal tissue are called sarcomas.

Malignant neoplasms of epithelial cell origin, derived from any of the three germ layers, are called carcinomas. 

A carcinoma with a glandular growth pattern seen microscopically is called an adenocarcinoma
A carcinoma producing recognizable squamous cells arising in any epithelium of the body is known as a squamous cell carcinoma.

It is not uncommon for a cancer to be composed of undifferentiated cells.  In such a case it is designated as a poorly differentiated or undifferentiated malignant tumor.

In both benign and malignant tumors it is very common for the parenchymal cells to bear a close resemblance to each other (as though they were derived from a single cell).  Less common is the divergent differentiation of a single line of parenchymal cells called mixed tumors. The best example of this is the mixed tumor of salivary gland origin.  These tumors contain epithelial components scattered within a myxoid stroma that sometimes contain islands of cartilage or bone.  These elements are thought to arise from myoepithelial cells of salivary origin; thus the preferred designation of these neoplasms is pleomorphic adenoma. 
Most neoplasms consist of cells representative of a single germ layer.  The teratoma, on the other hand, is made up a variety of parenchymal cell types representative of more than one germ layer (usually all 3).  They arise from totipotential cells and are usually found in the gonads. These totipotential cells differentiate along various germ lines.  A particularly common pattern is seen in the ovarian cystic teratoma, which differentiates along ectodermal lines to create a cystic tumor lined by skin replete with hair, sebaceous glands, and tooth structures.

Nomenclature of tumors: See table 8-1 (p. 263)

Carcinomas of melanocytes have been called melanomas for years, although the correct term is melanocarcinomas. 

Carcinomas of testicular origin are called seminomas.

Sometimes ominous terms are applied to trivial lesions.  For example, an ectopic rest of normal tissue is sometimes called a choristoma (ie: a rest of adrenal cells under the kidney capsule)

Occasionally a pancreatic nodular rest in the mucosa of the small intestine may mimic a neoplasm, providing some partial justification for the use of a term that implies a tumor.

Aberrant differentiation may produce a mass of disorganized, but mature specialized cells or tissue indigenous to the particular site, referred to as a hamartoma. The hamartoma is completely benign.

The nomenclature of tumors is important because specific designations have specific clinical implications.   For example, the term seminoma connotes a form of carcinoma that tends to spread to lymph nodes along the iliac arteries and aorta.  These tumors are very radiosensitive and can be eliminated by radiotherapy; therefore few patients with seminomas die of the neoplasm.  On the other hand, embryonal carcinomas of the testis are not radiosensitive and tend to invade locally behind the testis and spread throughout the body.  The designation cancer of the testis, therefore tells little of its clinical significance.

Characteristics of Benign and Malignant Neoplasms

The differentiation of a benign from a malignant tumor can be made morphologically with a considerable certainty.  Sometimes, however, a neoplasm defies categorization.  

In general, there are criteria by which benign and malignant tumors can be differentiated, and they behave accordingly.

These differences can be discussed under the following headings:

1. differentiation and anaplasia

2. rate of growth

3. local invasion

4. metastasis

Differentiation and Anaplasia

The terms differentiation and anaplasia apply to the parenchymal cells of neoplasms.  

Differentiation refers to the extent to which parenchymal cells resemble comparable normal cells, both morphologically and functionally.

Well-differentiated tumors are therefore composed of cells resembling the mature normal cells of the tissue of origin of the neoplasm.  
Poorly differentiated or undifferentiated tumors have primitive appearing, unspecialized cells.  

In general, benign tumors are well differentiated.

The neoplastic cell in a benign smooth muscle tumor – a leimyoma (Fig 8-5) is virtually identical in appearance to normal cells as to make it impossible to recognize it as a tumor cell on high power magnification.  Only the massing of these cells into a nodule discloses the tumorous nature of the lesion.

Philip Weissbrod

p. 265-269

Differentiation and Anaplasia:

· Differentiation:  extent to which parenchymal cells resemble comparable normal cells in morphology and functionality.

· Well differentiated:  clear tissue of origin

· Often benign tumor

· Can be malignant if there is maturation of specialization of undifferentiated cells as they proliferate

· Tend to retain functional capabilities of their cells of origin

· Poorly differentiated:  primitive unspecialized cells

· Often malignant because get proliferation without maturation

· Tend not to act like their cells of origin

· Sometimes have unanticipated functions (i.e. make fetal proteins)

· Anaplasia: lack of differentiation in malignant cells

· Characteristics of anaplastic cells:

· Pleomorphism: variation in size and shape

· Hyperchromatic: due to abundance of DNA

· Nucleus is disproportionately big to rest of cell; misshapen

· Larger mitoses from increased parenchymal cell activity

· Sometimes variable spindle number

· Tumor Giant Cells

· Loss of cell polarity (not growing in same orientation as normal)

· Often, vascular stroma is scant ( sometimes causing ischemic necrosis in large tumors

· Some degree of anaplasia is always present in cancer cells

· Dysplasia

· Encountered usually in epithelium

· Loss of uniformity and cell orientation

· Characteristics of dysplastic cells

· Variation in size and shape

· Hyperchromatic nuclei

· Mitotic figures more abundant than normal

· Usually normal paterns

· Often in abnormal locations in the epithelium

· Carcinoma in situ:  when dysplasia involves entire thickness of epithelium; considered preinvasive neoplasm

· Dysplasia does not necessarily lead to cancer

· Moderate changes can even be reversed

Rate of Growth:

· Generalization:  Rate of growth correlates with differentiation.  Malignant tumors grow faster than benign.  

· NOT always true

· Rate of growth may not be constant over time (ex leiomyoma p266)

Local Invasion:

· Benign Tumors

· Grow as a cohesive expansile mass

· Remains localized to site of origin and can’t infiltrate, invade or metast.

· Because of slow growth, usually have rim of connective tissue (capsule)

· Hemangiomas often DO NOT have a capsule

· Capsule allows for palpable, moveable mass capable of surgical removal

· Cancerous Growth

· Accompanied by progressive infiltration, invasion, and destruction of surrounding tissue

· Usually poorly demarcated from surrounding tissue.  Often penetrates surrounding making removal difficult

· If slow grower, can get capsule formation (get crablike feet penetrating surrounding features)

· Invasiveness is only second to metastasis, in indicating malignancy

Metastasis:

· Meatastasis:  Tumor implant discontinuous to primary tumor

· Strongest indicator of malignancy (benign neoplasm don’t metastisize)

· With few exceptions (glioma, basal cell carcinoma) all cancers can metastisize

· Indicates that invasiveness and metastisis are separable

· Large, rapidly growing neoplasm has higher chance for metastisis (w/ exceptions)

· 30% of new cancer diagnosis present with metastasis

Pathways of Spread

· Direct seeding of body cavities and surfaces

· May occur wherever malignancy penetrates an “open field”

· Site:  most often peritoneal; can be pleural, pericardial, etc…

· Ex:  Often seen in ovarian carcinoma

· Cancer cells remarkably remain confined to abdominal viscera without penetrating into the substance

· These cells can fill cavity with gell neoplastic mass (pseudomyxoma peritonei)

· Lymphatic Spread

· Most common pathway for initial dissemination of carcinomas

· Sarcomas also can use this method (often hematogenous)

· Pattern of lymph node involvement follows route of drainage

· Breast (Upper Quadrants) --> axillary

· Breast (Inner Quad) --> int. mammilary nodes --> clavicular nodes

· Lung Resp Passages --> perihilar tracheobronchial / Mediastinal

· In many cases, regional nodes serve as barriers to further dissemination

· Nodal enlargement caused by:

· Spread and groth of cancer cells

· Reactive hyperplasia

· Point is that nodal enlargement near cancer does not necessarily mean dissemination of primary lesion has occurred.

Robbins summary p. 270-274
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PATHWAYS OF SPREAD, cont. (p. 270-271)

Lymphatic spread, cont.:  

· “Skip metastasis”: local lymph nodes can be bypassed due to venous-lymph anastomoses or the obliteration of channels by radiation or inflammation.

· Role of regional lymph nodes as barrier to spread:  Nodes may arrest and destroy cancer cells.  Drainage induces reactive enlargement of nodes.  Thus, nodal enlargement near a cancer can be caused by spread/growth of cancer OR by reactive hyperplasia==>can’t just assume cancer has spread if large nodes.

Hematogenous Spread (spread through blood vessels):

· Typical of sarcomas; also used by carcinomas.

· Veins (thin walls) more easily penetrated than arteries.

· Arterial spread:  happens when tumor cells pass through pulmonary capillaries or pulm. AV shunts from veins or when tumor embolus comes from lung tumor.

· Venous spread:  Invasion thru wall ==> blood-borne cells follow venous flow.

· Liver and lungs:  most frequent targets of venous spread (liver receives portal flow, lungs receive caval flow).

· Certain cancers tend to invade veins:  ex., renal and hepatocellular carcinomas.

· Venous invasion does not necessarily mean metastatic spread (ominous but not proof).

**See table p. 270 and figure p. 271 for comparisons of benign and mailgnant tumors.

EPIDEMIOLOGY (p. 271)

Study of cancer patterns in populations can contribute to knowledge of the origins of cancer (ex., soot ==> increased scrotal cancer in chimneysweeps).

Look at environmental, racial (possibly hereditary), cultural, and disease influences.

Cancer Incidence (p. 271-3)

In U.S., 1 in 5 chance of dying from cancer.  564,000 cancer deaths in 1998 (23% of mortality).

**See figure 8-20 on p. 272 for estimated cancer incidence and deaths by site and sex.

Trends in age-adjusted death rates:  See graphs p. 272.

· Men (right graph):  signif. increase over last 50 yrs. (esp. lung cancer)

· Women (left graph):  slight decrease (b/c decrease in, stomach, liver, uterine and notably cervical cancer, partly due to PAP smear).

· “Alarmingly” more lung cancer in both sexes.  Still rising in women, and is leading cause of cancer deaths for women (breast cancer more frequent but more effectively treated).

Geographic & Environmental Factors (p. 273)

· Differences in incidence and death rates of specific cancers around world.

· Example:  Japan has more stomach cancer and less lung cancer than U.S.

· Racial predispositions can’t be ruled out, but most differences due to environment.

· Example:  1st-generation Japanese immigrants to U.S. have cancer death rates intermediate between those of natives of Japan and natives of California.  Rates of 2nd generation even closer to Californians’ (graph p. 273). Points to envir. factors.

· Environmental risk factors: 

· Occupational hazards (see table 8-3 p. 274): examples: asbestos, vinyl chloride, 2-naphthylamine.

· >25% overweight

· alcohol abuse (larynx, oropharynx, esophagus, liver carcinomas)

· Smoking (mouth, pharynx, larynx, esophagus, pancreas, bladder, lung—responsible for about 77% of lung cancer in men, 43% in women). “Single most important envir. factor contributing to premature death in the U.S.”

· Age at 1st intercourse and # sex partners (cervical cancer—poss. caused by viral STD).

· “It begins to appear that everything one does to gain a livelihood or for pleasure is fattening, immoral, illegal, or, even worse, oncogenic.”

Age (p. 273-5)—see tables 8-4, 8-5 p. 274-5:

· Most carcinomas occur in later years of life (55 years and older).

· Each age group has own predilection to certain cancer forms (see tables).

· Children under 15 yrs. are not spared. Cancer causes more than 10% of deaths in this age group (esp. acute leukemia and neoplasms of CNS).

Seth Passo

Robbins 275-279

This begins with section on Heredity (275) and goes up to Growth Factor Receptors on (280). I would check out Figures 8-23 (277) 8-24 (278) and Tables 8-6 (275) and 8-7 (279).

This stuff is also found in Baby Robbins 149-154.

Heredity
· Some forms of cancer have both environmental influences and hereditary predispositions.

· Hereditary forms of cancer can  be divided into three categories (275, Table 8-6)

· Inherited Cancer Syndromes

· Familial Cancers

· Autosomal Recessive Syndromes of Defective DNA

· Inherited Cancer Syndromes: Inherited predisposition indicated by strong family history of uncommon cancer and/or associated marker phenotype; autosomal dominant pattern of inheritance. 

· Ex: Childhood retinoblastoma(40% of retinoblastomas are familial

· Greater risk for generating of types of cancers

· Familial adenomatous polyposis (FAP)(autosomal dominant; virtually 100% develop colon carcinoma by age 50.

· These inherited tumors involve specific sites.

· Tumors are associated with phenotypic markers (Ex: café-au-lait spots in neruofibromatosis type I)

· Incomplete penetrance and variable expressivity do exist.

· Familial Cancers: Evident familial clustering of cancer but role of inherited predisposition may not be clear in an individual case.

· Examples include carcinomas of breast, ovary and brain.

· Characteristics are early age onset, tumors in two or more close relatives.

· Not associated with marker phenotype.

· Transmission patterns not clear.

· Breast and Ovarian Cancers(BRCA-1 and BRCA-2 genes

· Autosomal Recessive Syndromes of Defective DNA Repair
· Ex: Xeroderma pigmentosum

· 5-10% of cancers considered to be in these three categories.

· It is likely that inherited variations (polymorphisms) of enzymes that metabolize procarcinogens to their active forms may influence the susceptibility to cancer.

· Ex: p450 loci and susceptibility to lung cancer.

Acquired Preneoplastic Disorders

· The only way to avoid cancer is to not be born.
· Regenerative, hyperplastic, dysplastic proliferations are "fertile soil" for neoplastic growth.

· Certain non-neoplastic disorders are known as precancerous condition--the chronic atrophic gastritis of pernicious anemia; solar keratosis of the skin; chronic ulcerative colitis; and leukoplakia of oral cavity, vulva and penis.
· In majority of these instances, no neoplasm occurs; but they still correlate with increased risk
Molecular Basis of Cancer
· Non-lethal genetic damage lies at the heart of carcinogenesis.

· Genetic damage may be inherited or acquired.

· Tumor from a single progenitor cell(Tumors are monoclonal

· Three classes of normal regulatory genes--the growth-promoting protooncongenes, the growth-inhibiting cancer-suppressor genes (antioncogenes), and genes that regulate apoptosis--are the principal targets of genetic damage.

· Protooncogene mutant alleles are considered dominant--exist even with normal counterpart.

· Tumor suppressor genes=recessive oncogenes

· Apoptosis regulating genes may be dominant or recessive

· The DNA repair genes affect cell proliferation or survival indirectly by influencing the ability of the organisms to repair non-lethal damage in other genes, including protooncogenes, tumor-suppressor genes, and genes that regulate apoptosis.

· Act as tumor suppressor genes--both copies must be affected.

· Carcinogenesis is a multi-step process at both the phenotypic and genetic levels.

Oncogenes and Cancer

· Oncogenes=cancer-causing genes.

· Protooncogenes=cellular genes that promote normal growth and differentiation.

· Protooncogenes discovered in viruses and named for viral homologues(v-onc (v + three-letter combination)

· v-onc's not present in several cancer-causing RNA viruses

· Slow-transforming viruses that cause leukemias in rodents--proviral DNA inserted near protooncogene(this is called insertional mutagenesis

· In humans, DNA of spontaneous arising cancers contains oncogenes.

· Protooncogenes may become oncogenic by retroviral transduction (v-onc's) or by influences that alter their behavior in situ, thereby converting them into cellular oncogenes (c-onc's).

PROTEIN PRODUCTS OF ONCOGENES
· Oncogenes code for oncoproteins--resemble normal products of protooncogenes except:

· Oncoproteins are missing important regulatory elements

· Their production does not depend on external signals

· Cell proliferation readily resolved in the following steps:

· Binding of growth factor to a specific receptor.

· Transient and limited growth factor activation

· Signal transduction/Second Messenger cascades
· Induction/activation of nuclear regulatory factors that initiate DNA transcription
· Entry and progression of the cell into the cell cycle, resulting in cell division
· Growth Factors (Table 4-1, 97): Many are suspected to play a role in tumorigenesis.

· Mutations of growth factors can make them oncogenic.

· Ex: c-sis in B-chain of Platelet derived growth factor (PDGF)

· Several tumors express PDGF

· Products of oncogenes (Ex: ras) cause overexpression of growth factor genes leading to tumorigenesis.

· Increased growth factor proliferation is not sufficient for neoplastic transformation.  

· Extensive cell proliferation contributes to malignant phenotype by increasing the risk of spontaneous or induced mutations.

Heather Walsh,  pages 280-84

* Protein Products of Oncogenes - Oncoproteins (cont’d)

· Growth Factors (cont’d)

· Genes that lie along the Growth Factor signal pathway (ras oncogene), more commonly causes GF over expression than direct GF gene mutation. 

· Examples: TGF-α  binds EGF (epithelial growth factor) receptor in carcinoma.  Homologs of fibroblast growth factors (FGFs, e.g. hst-1 & int-2) expressed in GI & breast tumors (bFGF), & melanomas.   Small lung carcinomas produce & are stimulated by bombesin-like peptides.

· Increased growth factor production is not sufficient for neoplastic transformation, but the extensive proliferation it causes increases likelihood of mutations contributing to malignancy. 

· Growth Factor Receptor – transmembrane proteins with external ligand-binding and cytoplasmic tyrosine kinase domains.  

· Normally kinase is transiently activated by GF binding ( phosphorylation cascade.  

· Oncogenes are constantly activated without GF binding ( continuous mitogenic stimulation.

· Mechanisms of activation: mutations, rearrangements and overexpression (most common).

· Mutation – ret protein (normally encodes receptor tyrosine kinase in neuroendocrine cells in thyroid, adrenal, and parathyroid).  Inherited point mutations in ret cause the receptor to be constitutively active.  

· Examples involving ret: MEN 2A & 2B (familial diseases associated with endocrine hyperplasias or neoplasms), and familial medullary thyroid carcinoma.  

· Others:  Myeloid leukemia: mutation in CSF-1 (colony stimulating factor) receptor.  Chronic myelomonocytic leukemia: permanent dimerization of PDGF receptor.

· Rearrangements – Somatic rearrangements in the tyrosine (tyr) kinase of ret domain cause constitutive activation.  Ex: sporadic papillary carcinomas of the thyroid

· Overexpression:   EGF receptors c-erb B1, B2, & B3 are most commonly involved.  Cancers may be more aggressive as they are very sensitive to small amounts of GF.

· c-erb B1 ( carcinoma– expressed in 80% of squamous cell carcinomas of the lung, and less commonly in carcinomas of urinary bladder, GI tract, and astrocytomas.

· c-erb B2 ( adenocarcinoma- amplified in breast, ovary, lung, stomach, and salivary gland adenocarcinomas.

· c-erb B3 ( also overexpressed in breast cancers.

· Signal Transducing Proteins – oncoproteins can mimic the function of normal ones.
· Mutation in ras family of GTP binding proteins is typical example. See Fig 8-25, pg 281.

· 10-20 % of human tumors contain mutated ras, making it the single most common abnormality of dominant oncogenes in human tumors.  Even more common in colon, pancreas and thyroid carcinoma.

· Normal function – transduces GF-initiated activating signals

· Ras protein is stuck to cytoplasmic side of cell membrane.  When inactive, binds GDP.  When activated in response to receptor stimulation (e.g. GF) exchanges GDP for GTP ( activates MAP kinase pathway ( promotes mitogenesis.  Normal activation is transient because is quickly inactivated by intrinsic GTPase.  This process is accelerated 1000-fold by GAPs (GTPase activating proteins).  Activation and inactivation are enzymatically regulated.

· Mutant ras binds to GAP, but GTPase is not augmented ( pathologic stimulation of mitogenic pathway.  

· ras also regulates cell cycle – controls passage from G0 to S phase.  

· Blocking renegade ras – current research

· As ras must be located near the GF receptor, inhibit the enzyme that attaches them, farnesyl transferase.

· Other non-receptor associated tyr kinases

· Mutants with transforming potential are v-oncs in animal retroviruses. (v-abl, v-src, v-fyn, v-fes, etc.)  

· c-abl is the rare exception active in human tumors.  It has tyr kinase activity that is usually dampened by regulatory domains.  In chronic myeloid & some acute lymphoblastoid leukemias, gene translocation involving the bcr gene leads to potent tyr kinase activity.

· New evidence suggests that in addition to growth promotion, abl also acts to control cell death & apoptosis.

· Nuclear Transcription Proteins – regulate transcription of genes that control the orderly advance through mitotic cycle.   Contain special motifs that allow them to bind DNA, often at sites where they will activate or inhibit specific genes. Not shockingly, mutation in genes that encode these proteins are associated with malignant transformation
· Examples: myc, myb, jun, and fos,
· [image: image1.jpg]


myc – most commonly involved in human tumors.  Expressed in virtually all eukaryotic cells.  Important in cell division, immediate transient activity in response to signal to divide.  If inhibited, prevents entry into S phase.

· Forms myc-max heterodimer with max protein.  This is a potent transcription activator. (Possibly through ornithine decarboxylase, CDKs, or eIF2- α)

· max can form other dimers that act as repressors.  Although not nearly as interesting as its movie namesake, one of these is mad-max.  Thus, mad acts as a tumor-suppressor gene.

· Transcription is regulated by relative amounts of myc, mad and max.
· myc can also induce apoptosis if activated in the absence of other cell survival signals.  This is called the “conflict model.”  Apoptosis occurs if there is a conflict between “stop” (no GFs) and “go” (activated c-myc).  Cell growth & death are closely linked.

· If oncogenic myc is persistently or overly expressed ( neoplastic transformation.

· Involved in breast, colon, lung & other carcinomas, as well as lung small cell cancers and neuroblastomas, and B-cell tumors.

· Cyclins and Cyclin-Dependent Kinases (CDKs)
· Ultimate outcome of all growth promoting stimuli is entry of quiescent cells into the cell cycle.  Cyclins and CDKs orchestrate the oderly progression through the cell cycle.
· Normal function and regulation – CDKs phsphorylate critical proteins required for cells to progress from one phase to the next.  
· CDKs are expressed constitutively in inactive form, and activated by cyclins.
· Cyclins are sythesized only during specific phases, and decline rapidly after activating CDKs.  Some cyclin reactions are listed below in order
· G1 ( S transition is especially important and regulated.  
· Cyclin D binds CDK4 & 6 in early G1.
· Cyclin E binds CDK2 in later G1.
· These complexes phosphorylate retinoblastoma (Rb) protein, releasing E2F transcription factors, the products of which facilitate passage into the S phase.
· S ( G2:  Increase in Cyclin A facilitates transition.  Binds CDK2 & 1.

· G2 ( M:  Cyclin B binds CDK1 in early G2 & helps move into M. B/CDK1 phosphorylates several proteins necessary for mitosis.

· Inhibitors also exist to silence CDKs.   There are two families of CDKIs.
· p21, p27, and p57 broadly inhibit CDKs
· INK4 proteins (p15, p16, p18, p19) inhibit D/CDK4 & D/CDK6 selectively.

· Mutations that dysregulate cyclins and CDKs favor proliferation.  

· Especially common - cyclin D & CDK4.  less common - Cyclins B & E, and other CDKs.

· Cyclin D overexpressed in breast, esophagus, and liver cancers and lymphomas.

· CDK4 amplified in melanomas, sarcomas, and glioblastomas.

· Activation of Oncogenes 
· Mechanisms of transformation

· Changes in gene structure that result in abnormal gene product with abnormal function,

· Changes in regulation of expression resulting in enhanced or inappropriate production of normal protein.

· Specific Lesions

· Point Mutation – ras is best example.  Mutations reduce ras GTPase activity, and often involve codon 12. (Refer to section on signal transducing proteins for more information)

· ras mutation occurs in: 90% of pancreatic adenocarcinomas & cholangiocarcinomas;   50% colon, endometrial, and thyroid cancers; and 30% lung adenocarcinomas and myeloid leukemias.

· Although ras mutations are common, they are not essential for carcinogenesis.  

· Chromasomal rearrangements – two types activate protooncogenes: 

· Translocations – more common

· Inversions - 

Taku Taira

robbins summary 285-289

summary :

Oncogenes and Cancer

activation of oncogenes

Cancer suppressor genes


protein products of tumor suppressor genes

chromosomal 
rearrangements of oncogenes

· 2 types of rearrangements will activate protooncogenes

· translocations (which are more common) 

· in lymphoid tumors, the translocation puts the protooncogene by the regulatory elements of the immunoglobulin or T receptor

· in hepatopoetic tumors, two unrelated genes from different chromosomes are spliced together to make a new protein

· inversions

cancer caused by translocation

· This is the classic example of a transolcation induced overexpression of a protooncogene. All of these tumors have 3 translocations involving chromosome 8q24, where the c-myc gene is found, and one of the three immunoglobulin gene chromosomes. 

· the most common translocation involves the movement of the c-myc gene on chromosome 8 to chromosome 14, right next to the immunoglobulin heavy chain. The result is the c-myc gene is constitutively expressed. 

· the immunoglobulin heavy chain locus is involved in many other translocation-mediated overexpression of proteins, leading to cancers. All of these cancers are of B-cell origin. (p.285 for the other specific examples)

· T cell tumors result from translocations affecting the T cell antigen receptor locus and involve a variety of oncogenes that encode nuclear transcription factors. 

cancer caused by fusion of two separate genes

· the prototypical example id the Philadelphia chromosome which is characteristic of chronic myeloid leukemia and a subset of lymphoblastic leukemias. 

· c-abl is truncated onto the bcr gene leading to the hybrid protein c-abl-bcr which has tyrosine kinase activity. In the chronic myeloid leukemia the protein is 210kD, in the more aggressive leukemia the protein is 180kD 

· gene fusions often involve transcription factors. For example the transcription factor MLL gene is involved in 25 different translocations and is involved in approximately 5-10% of all acute leukemias. MLL is thought regulate the expression of the Hox genes in hematopetic progenitor cells. 

· several sarcomas derive from the same translocation events leading to the formation of chimeric genes encoding transcription factors. An example of this is Ewing Sarcoma (EWS)

· see table 8-8 for a list of oncogenes activated through translocation. 

gene amplification

· activation of a protooncogene due to the reduplification of certain DNA sequences which in turn end up as large repeats. These can sometimes be seen under the microscope as either double minutes or homogenous staining regions (HSR)

· double minutes are multiple small chromosome like structures made from amplified gene segments. 

· HSR are the result of the assembly of amplified genes being incorporated into new chromosomes and show up in the microscope as a region of uniform staining instead of the normal banding pattern. 

· the n-myc gene is amplified in neuroblastoma, c-erb is amplified in breast cancer, this amplification is associated with poor prognosis. 

cancer suppressor genes

· the physiological function of these genes is to regulate cell growth. The loss of these genes will lead to many human tumors hence the name. 

· these play a big role in patients with retinoblastoma which affects infants and children. For a person to develop retinoblasoma, both copies of the gene have to be compromised. In patients with familial retinoblastoma one of the copies is already mutated and the second mutation occurs through somatic mutation. There are some cases where a person will acquire both mutations sponatneously… however this is not very common. Because both normal Rb genes must be lost for the formation of cancer, it is known as a recessive cancer gene. 

· the Rb gene is found on chromosome 13q14

· patients with retinoblastoma are at greater risk of developing osteosarcoma as well as other soft tissue sarcomas. 

· there are a variety of other tumors that work in this same manner. Several genes on the short arm of chromosome 11 play a role in the formtion of Wilms tumor, hepatoblastoma, and rhabdomyosarcoma. For more examples go to the table 8-9 on p. 287

protein products of tumor suppressor genes

· growth inhibitory mechanisms presumably work through the same mechanisms of receptors, signal transduction, transcription regualtors, etc. 

· many of the products of tumor suppressor genes are localized to the nucleus. 

· Rb gene plays a key role in regulating the cell cycle and is expressed in every cell type examined. Normally it serves as a break on the advancement of the cell from G1 to S. Rb is inactivated by growth factors through phosphorylation. Rb cannot stop cell division after it has entered the S phase. During the M phase the phosphate on the Rb is removed. 

· Rb puts the break on by squestering the E2F transcription factors. 

when a normally quiescent cell is stimulated by a growth factor the concentration of the D and the E cyclins go up leading to the hyperphosphorylation of the Rb which will in turn release the E2F transcription factors. When the E2F is released it can bind with the DP proteins to initiate transcription

Transcriber: Madeleine Fersh 
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THE Rb GENE continued…

· The pRb-E2F complex binds to DNA and actively inhibits the transcription of the S phase genes
· **The state of the pRb phosphorylation is a critical determinant of cell cycle progression.
· If Rb gene absent or mutated:
· cell cycle is not stopped, and cells move passively into the S phase
· in tumors- mutations of Rb genes are localized to a region called the “Rb pocket,” which is involved in binding to E2F
· predisposition to occurrence of retinoblastomas (and somewhat of osteosarcomas) ( Why are tumors restricted to the retina in pts who inherit a defective allele of Rb??  Well in most tissues, homozygous loss of Rb induces cell death- BUT retinoblasts are resistant to such an apoptosis-inducing effect…So in these cells, dysregulated E2F gives rise to a neoplastic process
· Why are inactivating mutations of Rb not much more common in human tumors?? ( Answer is that mutations in other genes that control pRb phosphorylation can mimic the effect of pRb loss; such genes are mutated in many cancers that seem to have normal Rb genes.  
*Important point: The loss of normal cell cycle is central to malignant transformations and at least 1 of the 4 key regulators of the cell cycle (p16, cyclin D, CDK4, Rb) is mutated in the vast majority of human cancers.  In cases where either p16, cyclin D or CDK4 are mutated, the function of the Rb gene is disrupted even if the Rb gene itself is not mutated.

THE p53 GENE:

· Another tumor-suppressor gene located on chromosome 17p13.1
· *Most common target for genetic alteration in human tumors (in 50% of cases)
· Homozygous loss of p53 gene: 
· found in almost every type of cancer, including lung, colon and breast (the 3 leading causes of cancer death) 
· in most cases, the mutations are acquired in somatic cells
· DNA damage goes unrepaired, mutations become fixed in dividing cells ( leads to a malignant transformation
· As w/the Rb gene, inheriting 1 mutant allele predisposes individual to develop malignant tumor b/c only one additional “hit” is necessary to activate the 2nd normal allele ( such individuals have Li-Fraumeni syndrome: 
1. have a 25x greater chance of developing malignant tumor by age 50 vs. the general population
2. most common types of tumors are sarcomas, breast cancer, brain tumors, leukemia and carcinomas of adrenal cortex
3. tumors usually appear at a younger age and person may develop multiple primary tumors
· **p53 serves as a critical gatekeeper against formation of cancer by preventing the propagation of genetically damaged cells; it has been called a “guardian of the genome”

· p53 protein is localized to the nucleus; when activated, in controls transcription of several other genes that mediate the 2 major effects of p53:

1. cell cycle arrest- 

· this occurs late in the G1 phase; caused by the p53-dependent transcription p21, a CDK inhibitor ( this pause in cell cycling is GOOD b/c it allows cells time to repair the DNA damage

· can also occur by p53 inducing transcription of GADD45 (Growth Arrest and DNA Damage), a protein involved in DNA repair and G1 arrest

· if DNA damage is repaired successfully during this pause, p53 will activate the mdm2 gene, which binds to and down regulates p53, thus relieving the cell cycle block

2. apoptosis-

· this occurs if during the pause in the cell cycle, the DNA damage cannot be repaired

· bax and IGF-BP3 are the 2 p53-responsive genes that carry out the cell death commands of p53

· bax binds to and antagonizes bcl-2

· IGF-BP3 binds to receptor of IGF (insulin growth factor) and induces apoptosis by blocking IGF-mediated intracellular signaling

· has a short ½ life due to ubiquitin-mediated proteolysis ( therefore, does NOT police the normal cell cycle like Rb does; p53 is only called in to apply “emergency brakes” when, for example, DNA is damaged by UV light

· **the most common mutation that disables p53 affect its DNA-binding domain, therefore preventing the p53-dependent transcription of genes
· In addition to DNA damage, hypoxia can also stimulate the activation of normal p53; in hypoxic tumor cells w/intact p53, these will undergo apoptosis due to lack of oxygen for tumor angiogenesis…BUT if p53 gene is mutated, the hypoxic cells are resistant to apoptosis and they propagate instead ( thus, hypoxia selects for cells in which p53 is inactive

· The functions of p53 can be inactivated by other mechanisms besides mutations:

· Ex)  the transforming proteins of several DNA viruses, including E6 protein of HPV, can bind to and degrade p53

· Ex)  mdm2, which normally down regulates p53, is overexpressed in a some human soft tissue sarcomas ( by promoting rapid degradation of p53 in this case, mdm2 acts as an oncogene

· Some practical therapeutic implications:

· Radiation and chemotherapy mediate their effects by inducing DNA damage and subsequent apoptosis ( so tumors w/normal p53 genes are more likely to respond to these treatments than those w/mutant p53

· Another gene, p73 located on chromosome 1p36, bears many similarities to p53:

· Has DNA-binding domain that resembles corresponding region of p53

· Can cause cell cycle arrest and apoptosis under certain conditions

· Deletions of this gene are common in a variety of tumors, including neuroblastoma, colon and breast cancers

BRCA-1 and BRCA-2 genes:

· Tumor-suppressor genes located in chromosomes 17q12-21 and 13q12-13, respectively
· Associated w/occurrence of breast cancer and several other cancers
· W/mutations of BRCA-1, individuals are at much higher risk for epithelial ovarian cancers, and slightly higher risk for prostate and colon cancers
· W/mutations of BRCA-2, individuals are at higher risk for male breast, ovary and possible prostate, pancreas and larynx cancers
· 5-10% of breast cancers are familial; mutations of BRCA-1 or –2 account for 80% of these familial cases (mutations of these genes are rarely found in sporadic breast cancer)
· **In contrast to other tumor-suppressor genes (Rb, p53, NF-1), associated w/heritable cancers, neither of the BRCA genes is associated w/development of nonfamilial (sporadic) forms of breast cancer. 
· Functions of these genes are not fully defined; some data suggest they’re involved in DNA repair b/c they interact with Rad 51, a protein implicated in regulation of recombination and double-stranded DNA repair ( So mutations in BRCA genes do not directly regulate cell growth, but instead predispose to errors in DNA replication, leading to mutations in other genes that directly affect the cell cycle
MOLECULES THAT REGULATE SIGNAL TRANSDUCTION

· The products of the NF-1 and APC genes fall into this category; germline mutations of the NF-1 and APC loci are associated w/benign tumors that are precursors of carcinomas that develop later on
· APC (adenomatous polyposis coli) gene:
· Individuals born w/one mutant allele develop hundreds or thousands of adenomatous polyps in the colon during their teens or twenties- called FAP (familial adenomatous polyposis); usually 1 or more of these polyps becomes malignant, and gives rise to colon cancer
· Both copies of the APC gene must be lost for tumor development ( when this occurs, adenomas form
· In addition to FAP, the majority (70-80%) of nonfamilial colorectal carcinomas and sporadic adenomas also show homozygous loss of the APC gene
· APC protein is located in the cytoplasm, where it interacts w/other intracellular proteins including (-catenin, a protein that can enter the nucleus and activate transcription of growth-promoting genes; APC causes degradation of (-catenin, thus maintaining low levels of this protein in the cytoplasm…SO if you lose this APC protein, cellular levels of (-catenin increase, and it goes to the nucleus where it up regulates cellular proliferation
· You can also have mutations in the (-catenin; for example, in some colon cancers that have normal APC genes, (-catenin levels are elevated b/c mutations in the protein make it unable to be degraded by APC

· This faulty APC-(-catenin interaction is not only found in colon cancers; it’s also present in 30% of melanoma cell lines

·  (-catenin has other functions as well, including binding to E-cadherin, a cell surface protein that maintains intercellular adhesiveness ( some cancer cells have reduced adhesiveness, perhaps due to defects in this interaction

· NF-1 gene:

· Behaves similar to APC gene; individuals who inherit 1 mutant allele develop many benign neurofibromas ( this condition is called neurofibromatosis type I.  Some of the neurofibromas later develop into neurofibrosarcomas

· Neurofibromin- is the protein product of NF-1; its function is to regulate signal transduction via the ras protein, which is involved in transmitting growth-promoting signals ( w/loss of NF-1, ras is trapped in an active signal-emitting state!

CELL SURFACE RECEPTORS:

· Several types of molecules on the cell surface can regulate cell growth, including receptors for growth-inhibitory-factors like TGF-(, and proteins that regulate cellular adhesions like cadherins:

1) TGF-(
· when it binds to its receptor, it stimulates CDK (cyclin-dependent kinase) synthesis inhibitors; these block the cell cycle by inhibiting the actions of cyclin/CDK complexes
· mutations of this receptor and its signaling pathway have been found in many cancers, for ex in 15% of colon cancers
2) Cadherins

· Family of glycoproteins that act as glue between epithelial cells

· Loss of these can favor malignancy by allowing disaggregation of cells, which can then invade locally or metastasize

· Reduced cell surface expression of E-cadherin has been seen in many types of cancers, including esophagus, breast and colon; also, germline mutations of E-cadherin gene can predispose to familial gastric carcinoma

3) DCC (deleted in colon carcinoma)

· Gene located on chromosome 18q21; has been considered a candidate tumor suppressor gene b/c it’s frequently deleted in human colon and rectum carcinomas…BUT is more likely a cell surface receptor important in axonal growth, not really involved in carcinogenesis (there is debate on this topic)
· Its structure resembles other cell surface molecules that are involved in cell-to-cell interactions ( therefore it was proposed that DCC gene may regulate cell growth and differentiation by integrating signals from the cell’s environment
OTHER TUMOR SUPPRESSOR GENES:

1) NF-2 gene

· Mutations in this gene predispose to devel of neurofibromatosis type 2 (NF-2); these patients develop bilateral schwannomas of acoustic nerve

· Merlin- the product of the NF-2 gene (remember that weird answer choice on the midterm?!); it binds to actin and to CD44 (transmembrane protein involved in cell-matrix interactions); how loss of merlin leads to transformation is not known

2) VHL 

· Germline mutations of VHL are associated w/hereditary renal cell cancers, retinal angiomas, hemangioblastomas of the CNS, renal cysts and sporadic renal cell cancers

· VHL protein regulates transcription elongation by RNA polymerase, unknown how this function is related to development of tumors

3) PTEN

· Phosphate and tensin homolog, deleted on chromosome 10 gene, mapped on 10q23; is frequently deleted in many human cancers, including glioblastomas, prostate and breast cancers
· It may negatively regulate cell interactions w/extracell matrix
4) WT-1 

· Located on chromosome 11p13, associated w/devel of Wilms tumors; both sporadic and inherited forms of Wilms tumors occur, both can involve mutations of WT-1

· WT-1 protein is a transcriptional regulator that inhibits transcription of growth-promoting genes

GENES THAT REGULATE APOPTOSIS:

· A large family of genes that regulate apoptosis has been identified; these genes all begin with “b” and are 3 letters long (e.g. bcl-2)

· Bcl-2:

· Prototypic gene in this category

· An overexpression of Bcl-2 protects lymphocytes from apoptosis and allows them to survive for long periods ( thus, there is a steady accumulation of B lymphocytes, which results in lymphadenopathy and marrow infiltration; these tend to be slower growing (indolent) than other lymphomas b/c it’s more a passive than active process (reduced cell death)

· Located on outer leaflet of *mitochondrial membrane (most important), the ER and the nuclear membrane

· Biochemical basis of bcl-2 action is not completely clear; in some fashion, the bcl-2 family of proteins regulates activation of proteolytic enzymes called capsases, which are responsible for cell death
· There are many hypotheses about the action of bcl-2:
· one theory states that bcl-2 blocks bax in its attempt to create a channel in the mitochondrial membrane, which would allow cytochrome c to be released (recall:: release of cytochrome c is a critical step leading up to apoptosis- it activates the proteolytic enzyme capsase 9)
· another theory states that the  ratio of the proapoptotic (e.g. bax, bad, bid) and antiapoptotic (e.g. bcl-2, bcl-xS) members of the bcl-2 family is what matters; this ratio would determine whether a cell will respond to an apoptotic stimulus
· p53 and c-myc:

· activation of p53 up regulates bax synthesis and therefore counteracts the antiapoptotic action of bcl-2 when driven by c-myc activation, but growth is restricted by the limited availability of growth factors in the milieu

(this is the end of my section)

** There is only 1 diagram within my section (pg. 291) and I feel it’s pretty self-explanatory, so I didn’t specifically discuss it.  Take a look at the diagram and the notes next to it.  
Randi, Pages 300-304

Kinetics of Tumor Cell Growth, continued… (page 300)

· Figure 8-37, page 300: Biology of tumor growth. 

· Tumor cells can be more readily triggered into the cell cycle because the controls exerted by Rb, p53, and cyclins are usually deranged. The cell cycle is completed at the same rate, or slower, than corresponding normal cells. “Thus, it can be safely concluded that growth of tumors is not commonly associated with a shortening of cell cycle time.”
· Growth fraction = proportion of cells within the tumor population that are in the proliferative pool. In the microscopic, early phase of tumor growth, most of the transformed cells are in the proliferative pool. As the tumor grows, most cells remain in the G0 or G1 phase because of lack of nutrients and reversion to G0. Even in some rapidly growing, clinically detectable tumors, the growth fraction is ~20. The growth fraction has a profound effect on their susceptibility to chemo, as most anticancer agents act on cells in the cell cycle. One concept is to shift tumor cells from G0 into the cell cycle with radiation or debulking the tumor with surgery. 

· The rate of tumor growth determined by excess of cell production over cell loss and growth fraction. 

· “The latent period before which a tumor becomes clinically detectable is quite unpredictably long, probably years, emphasizing one again that human cancers are diagnosed only after they are fairly advanced in their life cycle.” 

· Cancer is an unpredictable disorder: the average volume-doubling time for lung and colon cancer is ~2-3 months whereas certain salivary gland tumors is greater than 1 year.

Tumor Angiogenesis (page 301)


· Tumors cannot enlarge beyond 1-2mm in diameter unless they are vascularized (diffusion no longer adequate). Without vascularization, the tumor doesn’t enlarge because hypoxia induces apoptosis via p53 activation.

· Perfusion supplies nutrients and oxygen, and newly formed endothelial cells stimulate the growth of adjacent tumor cells by secreting polypeptides such as insulin-like growth factors, PDGF, GM-CSF, and IL-1.

· Without access to vasculature, the tumor cells cannot metastasize. “Hence angiogenesis is a necessary biological correlate of malignancy.”
· Tumor-associated angiogenic factors may be produced by tumor cells or derived from inflammatory cells (e.g. marcrophages) that infiltrate tumors. The most important tumor-associated angiogenic factors are vascular endothelial endothelial growth factor (VEGF) and basic fibroblast growth factor (bFGF). The mechanisms of these can be found in Chapter 4. In many cancer patients, these are detectable in the serum and urine.

· Tumors also induce antiangiogenesis molecules (ex: thrombospondin-1) forming a balance between angiogneic factors and those that inhibit angiogenesis. Tumors can also induce production of antiangiogenesis factors from plasminogen (angiostatin), collagen (endostatin), and transthyretin (vasculostatin).

· Most tumors exist in situ without developing a blood supply for months to years, then, presumably owing to the accumulation of mutations, some cells within the small tumor switch to an angiogenic phenotype, increase production of angiogenic factors, or lose angiogenesis inhibitors. 

· Wild-type p53 gene inhibits angiogenesis by inducing the synthesis of the antiangio-angiogenesis by inducing the synthesis of the antiangiogenic molecule thrombospondin-1. With mutational inactivation of both p53 alleles, the levels of thrombospondin-1 drop precipitously, thus tilting the balance in favor of angiogenic factors. 

· It is suspected that another tumor-supproessor gene on 16p also inhibits angiogenesis, presumably by regulating the balance of angiogenic and antiangiogenic factors.

Tumor Progression and Heterogeneity (page 302)

· Tumor Progression is the phenomenon of orderly progression from preneoplastic lesions to benign tumors and, ultimately, invasive cancers.

· “This biological phenomenon is related to the sequential appearance of subpopulations of cells that differ with respect to several phenotypic attributes, such as invasiveness, rate of growth, metastatic ability, karyotype, hormonal responsiveness, and susceptibility to antineoplastic drugs. Thus, despite the fact that most malignant tumors are monoclonal in origin, by the time they become clinically evident, their constituent cells are extremely heterogeneous.” 
· Inherited or acquired mutations in the “caretaker genes” that regulate DNA repair may also contribute to genomic instability. These and other unidentified factors render tumor cells prone to a high rate of random, spontaneous mutations during clonal expansion. Some of these mutations may be lethal; others may spur cell growth by affecting protoncogenes or cancer-suppressor genes, all of which lead to the generation of subclones. “A growing tumor therefore tends to be enriched for those subclones that ‘beat the odds’ and are adept at survival, growth, invasion, and metastases… generation of heterogeneity begins well before the tumor is clinically evident.”
· Knowing the rate at which mutant subclones are generated is of clinical potential of cancers and management of cancer patients.

Mechanisms of Invasion and Metastasis (starts page 302)

· Invasion and metastasis are the major cause of cancer-related morbidity and mortality. 

· The metastatic cascade (figure 8-39, page 303) can be divided into two phases for purposes of discussion: (1) invasion of the extracellular matrix and (2) vascular dissemination and homing of tumor cells. 

· Each step in the cascade is subject to many influences and at any point the breakaway cell may not survive. This is why although millions of cells are released into circulation each day from a primary tumor, only a few metastases are produced. 

· Invasion of Extracellular Matrix (figure 8-40, page 304)
· The extracellular matrix (ECM) consists of basement membranes (BM) and interstitial connective tissue (CT).

· A carcinoma must first breach the underlying BM, then transverse the interstital CT, and ultimately gain access to the circulation by penetrating the vascular BM.  This is repeated when tumor cell emboli extravasate at a distant site.

· Invasion of the ECM consists of:

1. Detachment (“loosening up”) of the tumor cells from each other

2. Attachment to matrix components

3. Degradation of ECM

4. Migration of tumor cells

· The cadherin family of transmembrane glycoproteins, such as Epithelia (E) cadherins, is a particularly important adhesion molecule that neatly glues normal cell together. 

· In several epithelia tumors there is a down-regulation of E-cadherin expression that reduces the ability of cells to adhere to each other. E-cadherins are linked to the cytoskeleton by catenins, which lie under the plasma membrane. The normal function of E-cadherin is dependent on its linkage to catenins. 

· To penetrate the surrounding ECM, tumor cells must first adhere to the matrix components via receptor-mediated attachment to laminin and fibronectin. There is a correlation between the invasiveness and the density of laminin receptors in breast and colon cancer. Tumor cells also express integrins that can serve as receptors for many components of the ECM, including fibronectin, laminin, collagen, and vitronectin. There is a correlation between the expression of certain integrins (e.g., α4β1 integrin [VLA-4]) on melanoma cells and metastatic ability. 

· After attachment to components of the BM or interstitial ECM, tumor cells must create passageways for migration with active enzyme degradation of ECM. The tumor cells produce these enzymes or the host cells are induced to do such. 

· The protease activity is tightly regulated by anti-protease activity, but is tilted in favor of proteases at the invading edge of tumors.

· Three classes of proteases have been identified:

1. Serine Metalloproteinases

2. Cysteine Metalloproteinases

3. Matrix Metalloproteinases (MMP), such as Type IV collagenase

· Evidence supporting the role of type IV collagenase in tumor cell invasion:

· Several invasive carcinomas, melanomas, and sarcomas contain high levels of type IV collagenase.

· In situ lesions and adenomas of breast and colon have much lower levels of type IV collagenase content than do invasive lesions.

· Inhibition of collagenase activity by transfection with the gene for tissue inhibitors of metalloproteinases (TIMP) greatly reduces metastases in experimental animals. 

· Cathepsin D (a cysteine proteinase) and urokinase-type plasminogen activator are important in degradation of ECM acting on many substrates, including fibronectin, laminin, and protein cores of proteoglycans. Patients with elevated levels of Cathepsin D fare worse than those without elevations.

· Next step is locomotion of tumor cells through the degraded BM and zones of matrix proteolysis. Migration seems to be mediated by tumor cell-derived motility factors (i.e., autocrine motility factors and thymosin β15) and cleavage products of matrix components (e.g collagen, laminin)

· The met protooncogene encodes the receptor for hepatocyte growth factor, and its expression is markedly up-regulated in a number of cancers.

· Hepatocyte growth factor is a motility factor found at the interface of cancer cells and ECM.

· Cleavage products of matrix components, derived from collagen and proteoglycans, have growth-promoting, angiogenic, and chemotactic activites. 

Feliks Koyfman

Chapter 8, pp. 305-309.

Carcinogenic Agents and Their Cellular Interactions

We will discuss three groups of agents that can cause genetic damage and induce neoplastic transformation of cells: chemical carcinogens, radiant energy, and oncogenic microbes (mostly viruses).  The first two agents have been already implicated in human cancer and now there is some evidence that viruses can cause cancer in humans as well.  Each group may act independently or in concert. 

I: Chemical Carcinogens:

First, read how washing daily was the best public health recommendation EVER as it was the best controller of scrotal cancer (p. 306 but I doubt it will be on exam).  Now, back to serious business.

1. Carcinogenesis is a multistep process broadly divided into two stages (Fig. 8-41):

A) Initiation – exposure of cells to an appropriate dose of carcinogenic agent that causes permanent DNA damage (mutations).  It’s an irreversible, rapid process that has “memory” b/c the tumors were formed even when promoter was applied several months after initial single application of the intiator.  Initiation by itself is not sufficient for tumor formation.

B) Promotion – induction of tumors in previously initiated cell (note the stress on previously; application of the promoter prior to the initiator will not result in tumor).  Promoters by themselves are non-tumorogenenic and their effects on the cellular DNA are reversible.  Finally, promoters cause cellular proliferation thus rendering cells susceptible to additional mutations.

2. See Table 8.10 and Figure 8-42 for the discussion below.

There are two broad categories of carcinogens: direct-acting compounds and indirect-acting compounds (pro-carcinogens).

A) Direct-acting compounds: do not require chemical transformation for their carcinogenecity.  They are highly reactive electrophiles that can react with nucleophilic sites in the cell (i.e. DNA, RNA, proteins, with DNA being the primary target).  The reactions are non-enzymatic and result in the formation of covalent adducts between the chemical carcinogen and a nucleotide in DNA.  The examples of direct-acting compounds include alkylating and acylating agents.

B) Pro-carcinogens require metabolic activation in vivo to produce ultimate carcinogens or metabolic deactivation to en route to detoxification.  Thus the carcinogenic potency of a chemical is determined by a) inherent reactivity of its electrophilic derivative and b) by the balance between metabolic activation and inactivation reactions.  

The metabolic activation of pro-carcinogens is mostly mediated by cytochrome P-450-dependent mono-oxygenases.  The genes that encode for these enzymes are polymorphic and this polymorphism is partially responsible for the activity and inducibility of these enzymes.  The more inducible these enzymes are, the higher the risk of smoking-related cancers in individuals.  In addition to genetic factors, age, sex, and nutritional status also modulate the activity of P-450-dependent mono-oxygenases and hence the potency of pro-carcinogens.

3. As I have previously mentioned, all direct-acting and ultimate carcinogens (formed via metabolic activation of pro-carcinogens) are highly reactive electrophilic compounds that can react w/nucleophilic sites in the cell.  DNA is the most important target of chemical carcinogens; the resulting mutation can affect protooncogenes, cancer-suppressor genes and genes that regulate apoptosis.  Since the vast majority of chemical carcinogens are mutagenic, the Ames test is used to determine the “carcinogenicity” of a given chemical.  This in vitro test uses the ability of a chemical (potential carcinogen) to induce mutations in the bacterium, Salmonella Typhimurium. 

Each class of carcinogens tends to produce a limited pattern of DNA damage.  Thus the analysis of the mutations found in human tumors may allow linkage to specific carcinogens (sort of molecular fingerprinting that can provide clues to the identity of initiating agents).  This has been demonstrated in the studies of ras and p53 genes.
  However, it should be emphasized that carcinogen-induced changes in DNA do not necessarily lead to the initiation of carcinogenesis b/c the damage to DNA can be repaired by cellular enzymes.  The environmentally induced insults are far more common that the occurrence of cancer.  This is illustrated by xeroderma pigmentosum, a hereditary disorder in which the ability to repair DNA is impaired, resulting in the increased risk of cancer development.  Finally, for the initiation to occur, carcinogen-altered cells must undergo at least one cycle of proliferation, so that the change in DNA becomes fixed or permanent.

4. The expression of the initial mutagenic event in most instances requires the subsequent exposure to promoters, such as hormones, drugs, phenols, and phorbol esters.  Tetradecanoyl phorbol acetate (TPA) is best-studied tumor promoter that is a powerful activator of protein kinase C, a key element in the signal transduction pathways.  Activation of protein kinase C lead to a series of phosphorylation reactions that affect cell proliferation and differentiation.
  In addition, TPA itself causes growth factor secretion in some cells.  Thus, promoters appear to be involved in the clonal expansion and aberrant differentiation of initiated cells.  In summary, tumor promotion includes multiple steps: proliferation of preneoplastic cells (formed as a result of the application of initiator), malignant conversion, and eventually tumor progression.

5. The following is a short list of some initiators and promoters (see also Table 8-10).

A) Direct-acting Alkylating Agents: Weak carcinogens and activation-independent.  Many therapeutic agents used in cancer treatment as well as immunosuppressants fall into this category and hence they should be used judiciously.  The reason these agents are therapeutic as well as carcinogenic is because they exert their therapeutic effect by interacting with and damaging DNA, precisely the mechanism that render them carcinogenic.

B) Polycyclic Aromatic Hydrocarbons: Require metabolic activation and the most potent chemical carcinogens.  They are present in cigarette smoke and thus can be relevant to the pathogenesis of lung and bladder cancer.  They are also produced from animal fats in the process of broiling meats and are present in smoked meats and fish.

C) Aromatic Amines and Azo Dyes: These agents also require metabolic activation.  They have been implicated in hepatocellular carcinomas as well as bladder cancers in workers in aniline dye and rubber industries.  The bladder cancer develops due to the presence of urinary glucoronidase.  I don’t think we need to know the mechanism but once again if anyone is curious it’s on p. 309.

D) Naturally occurring Carcinogens: I already discussed the example of aflatoxin B1.  Just know that it’s a fungal metabolite implicated in hepatocellular carcinoma, especially in Africa.

E) Nitrosamines and Amides:  Derived from ingested nitrites or proteins in the gastrointestinal tract.  May contribute to gastric carcinoma.

F) Miscellaneous Agents: See table 8-3.  Know that asbestos, vinyl chloride, chromium and nickel may predispose the exposed individuals to the development of cancer.

G) Promoters:  Maybe as important as initiators b/c until subjected to the repeated assaults by promoters, cells initiated by the various agents are INNOCULOUS.  Endogenous promoters are more serious b/c difficult to control.  Hormones, such as estrogen, and bile salts are common example of endogenous promoters.

Ankur Karnik

Robbins p. 310-314

I.  Radiation Carcinogenesis (starting p.309 bottom)

· Radiation, both the ionizing (EM or particulate) and non-ionizing (UV) type, transforms most all cells in vitro and induces neoplasms in humans and animals.  

· UV( causes skin cancer

· Ionizing radiation (from atom bombs and work-related) ( many types of malignant neoplasia

· Long latency period required to cause cumulative effects makes it hard to study 

· Increased incidence of breast cancer among women exposed to atomic bomb decades earlier  

· Other carcinogens can have additive or synergistic effects when coupled with radiation

· UV has different effects on DNA than ionizing radiation.

A.  Ultraviolet Rays

· Epidemiological studies indicate: UV from the sun increases squamous and basal cell carcinoma and possibly malignant melanoma of skin.

· Risk depends on type of UV, exposure intensity, & amount of melanin in skin.

· Thus lighter skinned Europeans & ppl who live in sun-baked area have higher risk.

· UV divided into UVA, UVB, UVC; UVB (280-320 nm) responsible for skin cancer. (UVC is filtered out by atmosphere).

· UV can inhibit cell division, inactive enzymes, induce mutations, and kill cells.

· Carcinogenic effects of UVB due induction of pyrimidine dimers in DNA.

· Usually corrected by nucleotide excision repair (NER):

· Steps: 1. recognize lesion, 2. incision on either side of lesion, 3. removal of damaged oligonucleotide, 4. synthesis of new nucleotide patch 5. ligation of patch.

· Requires action of ≥ 20 genes; excess sun exposure overwhelms NER.   Thus, some damage remains and accumulates ( transcription errors ( possibly cancer.

· Xeroderma pigmentosum due to mutation in one of several NER genes.  

· Hereditary, autosomal recessive.  2000x risk of skin cancer.

· UVB causes mutations in oncogenes & tumor suppressor genes.  

· Mutant ras and p53 genes have been found in human skin cancer & UVB induced cancers in mice, mainly at dipyridimine sequences in DNA.  (Thus UVB responsible).

B. Ionizing Radiation

· Electromagnetic (x rays, γ rays) and particulate (α, β, protons, neutrons) radiation all carcinogenic.

· Atomic bomb survivors: Incidence of acute & chronic myelocytic leukemia ↑ after 7 yr latency.  Longer latency tumors (breast, colon, thyroid, lung) showed up later.  

· Therapeutic radiation: thyroid cancers in those exposed to head & neck radiation as children.  

· Also:  People near nuclear plant accidents (thyroid cancer risk ↑), Rocky Mountain region (lung cancer risk ↑), roentegen rays pioneers (skin cancer risk ↑)

· Leukemias most frequent after radiation, (except for chronic lymphocytic leukemia).

· Thyroid cancer occurs after exposure only in the young. 

· Intermediate category: lung, breast, salivary gland cancer.

· By contrast, skin, bone, GI tract quite resistant to radiation induced neoplasias.

II.  Viral & Microbial Carcinogenesis

A.  DNA Oncogenic Viruses

· Adenoviruses cause tumors only in lab animals; bovine papillomaviruses cause benign & malignant neoplasms in their hosts.

· Transforming DNA viruses integrate into host cell genome & can’t complete replication because necessary viral genes are interrupted during integration.

· Viral genes that are transcribed early are important for transformation.

1.  Human Papillomavirus (HPV)

· 70 types; types 1,2,4,7 cause benign squamous papillomas (warts) in humans.

· Linked to squamous cell carcinoma of cervix & anogenital region + oral & pharyngeal cancers.

· Cervical carcinoma due to HPV type 16 &18 (HPV is sexually transmitted). 

· HPV genome integrated into host genome; thus integration important for malignancy.

· Genital warts w/ low malignancy potential associated with types 6 & 11.

· HPV genome in nonintegrated (episomal) form.

· Site of integration into host DNA is different in different cancers, but site is identical (clonal) within all cells of a given cancer.

· Site at which viral DNA is interrupted is w/i its E1/E2 reading frame.  

· E2 normally represses transcription of E6 & E7 early viral genes, thus its interruption causes overexpression of E6 & E7 proteins of HPV-16 and -18.  

· Oncogenic potential of HPV-16 and –18 due to overexpression.  

· E7 protein binds to underphosphorylated pRb & displaces E2F transcription factors (see pic p. 289); E6 protein binds to p53 & facilitates its degradation.

· Thus E6 & E7 proteins disable 2 important tumor suppressor proteins

· Those from high risk HPV (types 16,18,31) bind w/ high affinity; those from low-risk HPV (types 6, 11) bind w/ low affinity.

· A p53 allele that has arg instead of pro in a certain place makes it much more susceptible to E6 degradation; ppl. with this have 7x risk for cervical cancer.

· HPV infection acts as initiator; BUT other somatic mutations needed to get malignancy.

· Human keratinocytes transfected w/ DNA from HPV 16,18, or 31 become immortal, but need mutated ras to become malignant.

· In vivo, such mutations aided by smoking, microbial infections, dietary deficiencies, & hormonal factors.  

2.  Epstein-Barr Virus (EBV).

· Herpes family member; causes African form of Burkitt lymphoma, B-cell lymphomas in immunosuppressed ppl. (esp. those w/HIV and organ transplants), some Hodgkin disease, and nasopharyngeal carcinomas.  

· Infects epithelial cells of oropharynx & B cells.

· Enters B cells via CD21.  Forms a circular episome in the cell nucleus.  This is a latent infection: these B cells are immortalized & there is no viral replication.

· Viral genes dysregulate normal proliferative & survival signals in latently infected cells.  Probably doesn’t affect tumor suppressor genes.  

· LMP-1 (latent membrane protein 1) up-regulates bcl-2(prevents apoptosis; also activates growth pathways normally triggered by T cell signals.  

· EBNA-2 gene activates host genes: cyclin D & src family members; also activates transcription of LMP-1.

· EBV is a factor in the multistep development of Burkitt lymphoma, but not the only one because:

· EBV asymptomatically infects almost all adults all over the world.

· EBV also causes infectious mononucleosis, where B cells are affected.  

· In vitro B cells immortalized by EBV do not form tumors when injected into immunosuppressed mice.

· Only 15% of non-African Burkitt lymphoma is caused by EBV.  

· Normally, EBV is controlled by immune response to viral antigen on cell membranes.

· Thus vast majority are asymptomatic or have self-limiting mononucleosis.

· In symptomatic ppl., viral gene expression changes so that less antigen is displayed for cytoxic T cells.  

· In Africa, cofactors (e.g. chronic malaria) may favor proliferation of B cells immortalized by EBV.  (EBV is a polycolonal B cell mitogen)

· These dividing B cells susceptible to mutations (e.g. t(8;14 translocation that switches c-myc with an immunoglobulin gene loci) (pic. p. 313).  EBNA-1 (EBV encoded protein) may increase the chance of the translocation.  

· However, overexpression of c-myc NOT sufficient for malignancy.  Other changes needed to release cell from normal growth regulation.  

· Immune compromised ppl. w/HIV or organ transplants have increased risk for B cell lymphomas.

· The tumors start as polyclonal, become monoclonal.  LMP-1 expression remains high.  In some cases, stopping immunosuppressive therapy makes tumors regress.

· ALL Nasopharyngeal carcinomas are caused by EBV.  

· Ab titers (especially IgA) to viral capsid Ag are elevated.

· Occurs only in S. China and Africa—thus a genetic/geographic cofactor involved.

3.  Hepatitis B Virus (HBV)

· Associated w/liver cancer; HBV endemic in Far East & Africa.

· HBV DNA integrated into host genome.  The insertions are clonal (random).  

· Its action doesn’t involve protooncogenes.  It’s indirect and multifactorial:

· Liver cell injury(regenerative hyperplasia(more cells at risk for mutations (Hepatitis C virus also does this).

· Encodes HBx, which 1.Disrupts normal growth by causing transcription of insulin-like growth factor II & receptors for insulin-like growth factor I.  2.Binds p53 to interfere w/ its growth-suppressive activities.

B.  RNA Oncogenic Viruses

· Human T-Cell Leukemia Virus Type 1 (HTLV-1) likes to transform CD4+ cells.

· Infection requires transmission of infected T cells via sex, blood, or breast-feeding.

· Leukemia develops in 1% of infected individuals after latency of 20-30 yrs.

· HTLV-1 also associated with tropical spastic paraparesis (demyelinating neurologic disorder) and some forms of uveitis & arthritis.

· Viral integration is clonal in leukemic cells.  

· HTLV-1 contains long terminal repeats (LTR) and gag, pol, env, and tax genes.  

· tax gene product vital for the virus’ replication & thus its transforming power.

· Acts on 5’ LTR to initiate viral transcription.

· Also initiates transcription of host c-fos, c-sis genes encoding IL-2 and its receptor and myeloid growth factor GM-CSF.  

· Prevents formation of complex between CDK4 and its inhibitor p16INK(cell cycle dysregulated.  

Sequence of events:  1. HTLV-1 infects T cell.  2. tax gene sets up autocrine system of proliferation involving T-cell growth factor, IL-2, and IL-2 receptor. 3. tax gene also sets up pararcrine system w/ GM-CSF, which makes macrophages secrete IL-1, a T cell mitogen. 4. Proliferating cells at risk for mutations, which causes dominance of 1 T cell clone (polyclonal(monoclonal) which is independent of IL-2. (pic. P. 314).

Summary Robbins pp.315-319

Siamak Malek

Heliobacter Pylori

Some evidence relating H. pylori to gastric lymphomas and gastric carcinomas.

Antibiotics have caused gastric tumor regression in some cases.

These Mucosa-Associated Lymphoid Tissue tumors are sometimes called MALTomas.

Association is stronger with B-cell carcinomas.

The B-cell lymphomas are usually found at the marginal zones of lymphoid follicles so just to confuse us, they are also called: Marginal Zone Lymphomas.

Proposed etiology:

H. Pylori stimulate T-cells

T-cells stimulate polyclonal B-cell expansion

One clone of the B-cells picks up mutations and becomes cancerous.

Host Defense Against Tumors – Tumor Immunity

Tumors express antigens that can be recognized as non-self by the immune system.

Immune Surveillance: The recognition and destruction of non-self tumor cells on their appearance. 

Tumor Antigens

TSA: Tumor Specific Antigen found only on tumor cells.

TAA: Tumor Associated Antigen found on tumor cells and some normal cells.

First demonstrated in mice that showed immune response to chemically induced tumors.

These mice could resist tumors once they had been immunized with the same tumor cells.

Mice also became resistant when infused with sensitized T-cells from another immunized mouse.

Mice showed tumor specific cytotoxic CD8+ T-cells activity.

Some tumors express “private” antigens not found on histologically identical tumors of same type.

TSA’s evoke a cytotoxic T-cell response in humans because tumor cells present unique peptides on their MHC I.

Tumor-Specific Shared Antigens

These antigens are from genes that are normally unexpressed or genes that are expressed in cells without HLA antigen presentation.

Unlike ”private” antigens mentioned above, these antigens are often expressed in various tumors of various types.

For example: MAGE genes are only expressed in cells of testes that do not express HLA.  Some of these MAGE genes are turned on in various tumors including tumors of: lung, liver, stomach, esophagus and urinary bladder.

MAGE-1 found in 37% of melanomas.

Currently 12 MAGE genes mapped to chromosome Xq.

Similarly, we have BAGE and GAGE genes that are normally expressed in testes and RAGE genes that are expressed in HLA-free retina.

These genes are attractive targets for immunotherapy.  Just immunize patient against appropriate antigen and the immune system mops up the tumor.

Mucins are another type of protein that can give TSA’s. 

In normal cells mucins are heavily glycosylated.  In tumors, these proteins are underglycosylated thereby exposing certain peptide repeats.  These antigens are, for all practical purposes, tumor specific.

Tissue-Specific Antigens

These antigens are found both in tumors and in the cells they originated from.

Immune system might mount a response to these antigens.  In that case the immune system will kill both the tumor and the normal cells of the same tissue.  For example, melanomas sometimes resolve when the immune system mounts a response to tyrosinase that is expressed by melanocytes and melanomas.  This immune response also causes depigmentation in the area.

Antigens Resulting from Mutations

These antigens result from mutations in tumor suppressor genes and proto-oncogenes (p53, K-ras, CDK-4, bcr-c-abl, etc.).

These antigens can be highly tumor specific.

Usually do not get a spontaneous immune response to these antigens in-vivo.

Overexpressed Antigens

These semi-tumor specific antigens are normally expressed at levels too low to solicit cytotoxic T-cell activity.  Tumors overexpress these antigens.  E.g. c-erbB2 (a.k.a. neu) protein is overexpressed in 30% of breast and ovarian carcinomas.

Viral Antigens

Oncogenic viruses express these antigens.

E.g. E7 protein of HPV.

Other Tumor Antigens

These TAA’s are normal self-proteins that do not evoke an immune response and are not significant in tumor rejection.

These antigens can be useful mainly for diagnostic purposes.

Examples:

Oncofetal antigens are not expressed in adults but are expressed embryos and in some tumors.  (e.g. alpha fetoprotein and carcinoembryonic antigen.)

“Differentiation antigens that are peculiar to the differentiation state at which cancer cells are arrested.” (e.g. CD10 in B-cell lymphomas and Prostate Specific Antigen.)

Antitumor Effector Mechanisms

Cytotoxic T lymphocytes:

Play a protective role against virus associated tumors like EBV-induced Burkitt lymphoma and HPV-induced tumors.

Cytotoxic T-cells have been found to infiltrate tumors and target specific antigens on MHCI.  

Possible therapies include harvesting tumor infiltrating T-cells, expanding them in vitro, and then reinfusing them.  Or even transfecting them with cytokine genes before reinfusion. 

Natural Killer Cells:

These are capable of killing tumors without prior sensitization.

After activation by IL-2 they can kill a wide variety of tumors even ones that are non-immunogenic for T-cells.

NK cells can kill tumors that express reduced levels of MHCI.  Low MHCI makes the tumors unrecognizable to T-cells, but good targets for NK cells because MHCI normally inhibits NK cells by engaging inhibitory receptors on NK cell membranes.

NK cells may also participate in antibody-dependenT-cellular cytotoxicity (ADCC).

Macrophages:

Activated macrophages show some specificity for tumor cells.

Activated by IFN gamma from NK cells and T-cells.

Macrophages use same effectors against tumors as they do against microbes (i.e. reactive oxygen species).

Macrophages also use TNF alpha, which is lytic for several tumors.

Humoral:

Antibodies against tumor antigens may activate complement or ADCC.

Immunosurveillance:

Idea is supported by 200X increased incidence of tumors in immunosuppressed individuals (5% incidence) vs. normal population.

Most tumors, however, appear in immunocompetent individuals because tumors develop their own mechanisms to avoid detection.

Selective outgrowth of antigen-negative variants by elimination of strongly antigenic variants during tumor growth.

Loss or reduced expression of histocompatibility antigens.  This allows them to avoid T-cells but may trigger NK cells.

Lack of costimulation.  T-cells require foreign peptide on MHCI and a costimulatory molecule to become sensitized.  Without the costimulatory molecule the T-cells may become anergic or may apoptose.  Possible therapies include immunizing patients with tumor cells that have been transfected with the B7-1 gene or using dendritic cells (lots of costimulatory molecules) to present TSA’s.

Immunosuppression: Oncogenic factors like chemicals and radiation may be immunosuppressive in addition to tumor-causing.  Also, tumors may release TGF beta, which suppresses immune response, or tumors may activate suppressor T-cells.

Apoptosis of cytotoxic T-cells may occur because the tumor expresses Fas ligand.  E.g. melanomas and hepatocellular carcinomas.

There are some arguments against Immunosurveillance.  The increase in tumors in immunosuppressed individuals is mostly because of increased lymphomas, notably immunoblastic B-cell lymphomas.  The abnormal growth of these lymphocytes may be in response to infections or therapeutic agents given to these patients.  Lung, breast, and GI cancer incidence does not increase in immunosuppressed individuals.

Clinical Features of Tumors

“Neoplasms are essentially parasites.”

“Even benign ones may cause morbidity and mortality.”

Every growth must be evaluated to see if it is cancerous.  E.g. the breast may have palpable lumps that can be benign disorders or cancer.  “The only truly benign mass is one that has been excised and anatomically evaluated.”

One exception is subcutaneous lipomas that present as soft masses.  These are usually just monitored for a significant increase in size.

Effects of Tumor on Host

Benign and malignant tumors may have detrimental effects because of:

1. “location and impingement on adjacent structures,

2. functional activity such as hormone synthesis,

3. bleeding and secondary infections when they ulcerate through adjacent natural surfaces,

4. initiation of acute symptoms caused by either rupture or infarction.”

Metastases may produce the same consequences.

Cancer may also lead to cachexia (wasting) or paraneoplastic syndromes.

Local and Hormonal Effects

Non-hormone producing neoplasms of endocrine glands may destroy functional parts of the gland and lead to serious endocrinopathy.  E.g. pituitary adenoma.

Neoplasms in the gut may bulge out into the gut and cause obstruction.  Furthermore, peristalsis may pull and elongate the neoplasm into the lumen and cause and obstructing intussusception.

Other neoplasms of endocrine glands may produce excess hormone.  E.g. tumor of pancreatic islet can produce enough insulin to cause fatal hypoglycemia.

Hormone producing neoplasms of endocrine glands are usually benign tumors because malignant tumors are often so undifferentiated that they can no longer produce hormone.

Nonendocrine tumors may also produce hormones and hormone-like substances leading to paraneoplastic syndromes.

Malignant tumors may grow through adjacent surfaces such as skin and gut mucosa leading to ulceration, secondary infections, and bleeding.  Benign tumors may also lead to ulcers, infections and bleeding because of the pressure they exert on adjacent surfaces.  

Neoplasms of the gut and urinary tract may cause melena (blood in stool) and hematuria.

Cancer Cachexia

“Patients with cancer commonly suffer progressive loss of body fat and lean body mass accompanied by profound weakness, anorexia, and anemia.  This wasting syndrome is called cachexia.”

It is not caused by the nutritional demands of the tumor.  Tumors grow slower than fetuses, but pregnancy does not cause cachexia.

Cachexia may result from soluble factors like cytokines that are produced by either the tumor or the immune response to the tumor.

Two factors contribute to the cachexia:

Anorexia is related to abnormalities in taste and central control of appetite. 

High BMR despite reduced intake.  The high BMR is accompanied by equal loss of fat and muscle unlike starvation where fat goes first.  These appetite and metabolic abnormalities have been related to TNF alpha.  TNF alpha may be produced by macrophages responding to tumor cells or by tumors themselves.  The TNF alpha may synergize with IL-1 and IFN-gamma.

There is also evidence of other soluble factors that increase fat and muscle catabolism.  

Jason Gould 

Robbins, pp 320 – 325

Paraneoplastic syndromes
· Symptoms in cancer patients

· Cannot be explained by

· Local or distant tumors

· Hormones indigenous to tumor hosting tissue

· Occurs in 10% of patients

· Complications

· Could be early manifestations of occult neoplasm

· Can lead to perilous clinical problems

· Can mimic metastatic disease

· Classifications (detailed table – table 8.11 on p 321)

· Endocrinopathies

· Ectopic hormone production – tumor cells release hormones not indigenous to the native cells

· Cushing’s syndrome is most common

· 50% have small cell lung carcinoma

· also pancreatic carcinoma, neural tumors

· tumors release ACTH(adrenocorticotropic hormone) or ACTH-like hormones

· elevated serum ACTH and POMC (proopoimelanocortin – ACTH precursor; only in lung cancer patients)

· hypercalcemia

· also very common

· hypercalcemia is often a symptom of cancer instead of hyperparathyroidism

· mechanisms

· osteolysis – can be 1° (multiple bone myeloma) or 2° (bone metastases (not a paraneoplastic syndrome)

· production of calcemic hormones

· pararthyroid hormone related protein (PTHrP)

· related to PTH at the amino terminus

· also produced by normal tissues (keratinocytes, muscles, bone, ovary) in small amounts

· normally regulates Ca2+ transport during lactation and across placenta

· tumors sometimes also release IL-1, TGF-alpha, THF-alpha dihydroxyvitamin D

· most common tumors: carcinomas of breast, lung  (squamous cell bronchogenic), kidney, ovary

· neuromyopathic syndromes

· many forms

· peripheal neuropathies

· cortical cerebellar degeneration

· polymyopathy – similar to polymyositis

· myasthenic syndrome – similar to myasthenia gravis

· acanthios nigricans

· grey-black verrucous hyperkeratosis on skin

· rare genetic disorder in children or adults

· if seen in pt >40yo, 50% chance due to cancer

· can be seen before the cancer is discovered

· hypertrophic osteoarthropathy

· 1-10% of bronchiogenic carcinomas

· new bone formation at ends of long bones, proximal phalanges

· arthritis of adjacent joints

· clubbing of digits

· can occur in liver, lung diseases rarely

· no known mechanism

· vascular and hematologic manifestations

· Trousseau syndrome

· Migratory thrombophlebitis

· Often with pancreas, lung cancers

· Acute disseminated intravascular coagulation

· Acute promyelocytic leukemia, prostatic adenocarcinoma

· Nonbacterial thrombotic endocarditis

· Nonbacterial fibrinous vegetations

· Mitral, aortic valves

· Advanced mucin-secreting adenocarcinomas

· Grading and staging of tumors

· Grade 

· level of differentiation

· number of mitoses relates to tumor’s aggressiveness

· compares how close tumor cells compare to normal counterparts

· histological judging does not always equate bioactivity

· grading is not used clinically that often

· Stage 

· Size of 1° lesion, extent of spread to lymph nodes, metatases

· Union Internationale Contre Cancer (UICC) stages

· TNM system

· T – primary tumor

· N – regional lymph node

· M – metastases

· Levels within each category (ie: T0 – T4)

· American Joint Committee (AJC) on Cancer Staging

· Stage 0 – IV

· With each stage, nodal and metastatic involvement is described

· Staging is used to decide what course of action to take

· Laboratory diagnosis of cancer

·  Histologic and cytologic methods

· most common techniques for diagnosis

· preparation is key

· some common mistakes

· margins and centers of masses may not be representative

· inguinal node reactive changes may mask neplasms (same with disseminated lymphoma)

· prompt fixation, either fixative or refrigeration, is necessary

· formalin solution or glutaraldehyde for electron microscopy

· quick-frozen section

· breast lesions or margins of lesions to make sure whole mass is removed

· fine-needle aspiration

· aspirate cells and surrounding fluid

· cytologic assessment

· readily palpable lesions

· breast, thyroid, lymph, prostate

· deep structures (pelvic lymph nodes) can be reached with imaging assistance

· less invasive and quicker than needle biopsy

· cytologic (pap) smear

· cervical carcinoma, bronchogenic carcinoma, bladder, prostatic tumors, gastric carcinomas

· shed cells are analyzed for anaplasia from origin cells

· based on cytology of one cell or clump of cells

· differentiates between normal, dysplastic, and cancerous cells

· can recognize carcinoma in situ 

· Immunocytochemistry

· Uses monoclonal antibodies

· Categorizes undifferentiated malignant tumors

· Malignant cells of different origin can look similar in H & E stains

· Certain anaplastic carcinomas, lymphomas, melanomas and sarcomas look the same

· Ab’s to intermediate filaments characteristic to cells of origin help separate cells

· Ie: if keratin detected, cell is epithelial carcinoma; if desmin detected, cell is muscle cell neoplasm

· Leukemias and lymphomas

· Differentiates between T, B, mononuclear-phagocytic cell origin

· Use of organ, or tissue, specific antibodies can tell origin of metastases

· Prognostic or therapeutic diagnosis

· Immunocytochemistry find hormone receptors in breast cancer cells 

· Antiestrogen therapy fights cells

· Receptor positive breast cancer have better prognosis

· Can also find oncogene protein products (ie: c-erbB2)

· Overexpression of c-erbB2 has poor prognosis

· Molecular diagnosis

· Diagnosis of malignant neoplasms

· Differentiate benign (polyclonal) T, B cells from malignant (monoclonal)

· Detection of translocations in DNA

·  in hematopoietic neoplasms (lymphomas or leukemias) via FISH technique

· Polymerase chain reaction (PCR) used to detect genetic transcripts in chronic myeloid leukemia (even when negative by cytogenetics)

· Childhood sarcomas (blue cell tumors) can be differentiated

· Prognosis of malignant tumors

· Certain genetic alteration have poor prognosis

· Detection of minimal residual disease

· PCR can be used to look for left over cells after treatment and to monitor DNA for relapse of translocation

· Bcr-c-abl sequence in chronic myeloid leukemia; K-ras in stool for colon cancer

· Hereditary predisposition

· Detect germ line mutations in cancer-suppressing genes

· BRAC1, BRAC2, RET protooncogene

· Flow cytometry

· Can measure several cell characteristics at once

· Membrane Ags, DNA content

· Membrane Ags used to identify leukemias and lymphomas

· Many preparations can be used with flow cytometry

· Fesh-frozen specimens, pleural/peritoneal effusions, marrow aspirations, bladder irrigations

· Aneuploidy associated with poorer prognosis for

· Early-stage breast, urinary bladder carcinoma, lung cancer, colorectal cancer, prostate cancer

· Tumor markers

· Biochemical indicators of tumors – cell surface Ags, cytoplasmic proteins, enzymes, hormones

· Clinically it’s a molecule that can be detected in plasma or other body fluid

· Can be diagnostic tool for certain cancers (table 8.12, p 325)

· Carcinoembryonic antigen (CEA)

· Usu in embryonic gut, pancreas, liver tissue

· Complex glycoprotein

· Present in >50% of colorectal, pancreatic cancers

· Present in 25-50% of gastric, breast carcinomas

· Also elevated in benign disorders – alcoholic cirrhosis, crohn’s, hepatitis, ulcerative colitis, smokers

· Not effective in detecting early cancers

· Preoperative levels indicate the body’s burden of tumor

· Duke’s grading system used to evaluate CEA levels in colorectal cancers

· Elevated CEA 6wks after treatment means residual disease

· Used to monitor metastatic breast cancer

· Alpha-fetoprotein (AFP)

· Glycoprotein usu synthesized by yolk sac, fetal liver, GI tract

· Elevated adult levels indicated cancers of liver or testicular germ line (good indicator of these cancers)

· Levels drop after surgical removal of hepatocellular and germline tumors

· Monitor levels for recurrence

· Sometimes found with lung, colon, breast cancer

· Nonneoplastic conditions – cirrhosis, toxic liver damage, hepatitis, pregnancy

Jaimie Lazare

Chapter 9 – Infectious Disease

pp 330-32 

General Principles of Microbial Pathogenesis

HISTORY

· There are twelve major discoveries in microbial pathogenesis from 1796 thru 1983 (refer to page 330 – Table 9-1)
· Jenner 1796 - milkmaids working with cows found to be resistant to small pox & findings led to a vaccination against small pox 
· Holmes 1843 - Discovered anesthesia; noted puerperal infections in women after childbirth were associated with certain physicians at the delivery; discovered the iatrogenic nature of “black death of childbirth
· Pastuer 1865 - provided proof for the Germ Theory and the beginning of modern biology
· Koch 1882 – Koch’s Postulates state that (1)organism found in lesions of the disease, (2) it can be isolated a single colonies on solid media, (3) inoculate culture in experimental animals causes lesions, (4) organism is recovered from lesions of exp animal
· Mechnikov 1884 – described the process of phagocytosis by macrophages
· Ross1902 – ID’d Plasmodium falciparum (mosquito vector for malaria)
· Ehrlich 1906 – discovered antimicrobial “silver bullets” a chemotherapeutic agent even before Penicillin was discovered by Fleming in 1928
· Ellerman and Bang 1908 – discovered the viral causes of cancer as well as Hep B virus, liver cancer, EBV, Kaposi sarcoma among others 
· Lancefield 1933 – serotyping of organisms and association of bacterial clones w/ disease
· Avery 1945 – his worked identified DNA as the genetic material and the start of the molecular biological revolution
· Enders 1949 – culture of viruses and production of the poliovirus vaccine
· Montagnier and Gallo 1983  - ID of HIV as a cause of AIDS
NEW AND EMERGING INFECTIOUS DISEASES: refer to Table –2 

· The following infectious agents are associated with significant morbidity and mortality rates:

· Heliobacter gastritis, Hep B and C, rotavirus diarrhea, and legionaires pnuemonia

· More recent infectious agents that are very lethal:

· Ebola virus, Hantavirus and flesh eating virus that causes Streptococcal toxic shock syndrome

· Other agents may be new to humans:

· HIV, Borrelia burgdoferi causing Lyme dx

· Or agents that are secondary to immunosuppression due to AID (CMV)

Two separate but interrelated mechanisms of infectious disease are the specific properties of the organism causing the infection and the host response to infectious agents

CATEGORIES OF INFECTIOUS AGENTS: refer to Table - 3

· Prions

· Composed of a modified host protein which causes transmissible spongiform encephalopathies including kuru (assoc w/ eating of human brain) or Creuztfeld-Jakob disease (assoc. with corneal transplants)

· Viruses

· Obligate intracellular parasites that are classified by their nucleic acid content and their capsid or coat; 400 viral species inhabitat humans without causing disease while others may give rise to either acute or chronic disease (influenza or HBV respectively)

· Bacteriphages, Plasmids, Transposons

· These patogens are mobile and are equipped with various virulence factors (i.e. adhesions, toxins, antibiotic resistance); they infect bacteria and incorporate themselves into their genome (i.e. V. cholera and Shigella flexneri) – this class of species have the advantages of survival and/or the capacity to cause disease

· Bacteria


· Prokaryotes lacking both nuclei and ER, cell walls are rigid with either a 2 phospholipid bilayer with a peptidoglycan layer in the middle (a Gram negative species) or a single bilayer covered by peptidoglycan (Gram positive); bacteria ability to make its own DNA/RNA/protein depends on host’s environment; bacteria reside on skin (Staph epidermidis), in the GI tract and are 99.9 % anaerobic (Bacteroides), invades host’s tissue and divide extracellularly (pnuemococcus) or extra-/intracellularly (Mycobacterium tuberculosis)

Jaimie Lazare

pp 340-41

How Microorganisms Cause Disease

There are 3 ways:

· Direct contact or infection of the host cells causing death

· Release endo-/exotoxins to kill distant cells, release degradative enzymes to destroy tissues and blood vessels leading to ischemic necrosis

· Induce host cellular responses that although destroys the invader will also damage host tissue (scarring, hypersens rxns, suppuration)

Mechanisms of Viral Injury – refer to figure 9-8 pp341

· Viruses damae host cells by entering the cell and replicating by using host’s machinery

· Viral tropism – refers to the binding of specific viral surface proteins to specific surface receptor proteins with known functions

· Some examples are EBV binds to complement receptor on macrophages (CD2), rabies binds to Acetylcholine receptor on neurons, rhinoviruses bind to the adhesion protein ICAM-1 on mucosal surfaces, HIV binds to CD34 on lymphocytes and chemokine receptors on macrophages and microglia (CCR5, CCR3, CCR2b)

· In addition, viral tropism refers to the ability of the virus to replicate inside only specific cells only (for ex. – JC papovavirus causes leukoencephalopathy due to its specificity for the oligodendroglial cells since the promoter & enhancer are active in glial cells only not in neurons or endothelial cells)

· Once the viral species is attached to the host cell a series of steps occurs:

1. Penetration – via translocation of the whole virus across the plasma membrane, fusion of the viral envelope w/ cell membrane, or receptor mediated endocytosis of the virus & fusion w/ the endosomal membranes

2. Uncoating – virus separates from its genome and loses its infectivity

3. Replication – virus replicates w/ help from enzymes

4. Synthesis – virus utilizes enzymes to for synthesis (these enzymes may or may not be present in some tissue)

5. Assembly – newly synthesized viral genomes and capsid proteins are assembled into progeny vrions in either the cytoplasm or nucleus and released directly or budded through the plasma membrane

· The virus can be either abortive (w/ incomplete viral replicative cycle, latent in which the virus persists in a cryptic state, or persistent in which virions are synthesized w or w/o altered cell function

· Viruses kill in various ways

· Inhibit DNA/RNA/protein synthesis – poliovirus

· Virus intergrates into the plasma membrane destroying the intergrity  - HIV, Herpes and measles viruses

· Replicate and lyse cell – yellow fever virus in liver & neurons by polio

· Immune mediated response triggered when viral proteins are on the surface of the host cells

· Viral damage leads to host antimicrobial response causing secondary infections

· Viral killing of one cell type causes the death of other host cells depending on them

· Slow viral infections – culminate in severe disease post long latency period

· Virally induced cell proliferation and transformation resulting in neoplastic growth

Mechanisms of Bacterial-Induced Injury
· Bacterial virulence – ability of bacteria to adhere to host cells, invade cell and tissue (virulence depends on a multitude of genes and gene products)
· Many similarities and differences in genes expressed by virulent and avirulent bacteria
· For example, genes necessary for virulence of Salmonella typhi, causes typhoid fever, are also found in E. coli; Salmonella & Shigella have numerous genes involved in host recognition and invasion which are absent in avirulent E. coli
· Bacterial Adhesins:

· Limited in type but have a broad range of host cell specificity

· Fibrillae that covers the surface of Gram positive cocci such as Streptococcus are composed M proteins and lipoteichoic acids (lipoteichoic acids are hydrophobic and bind to the surface of all eukaryotic

· Fimbriae or pili on the surface of Gram- negative rods and cocci are nonflagellar filamentous structures of repeating subunits

Lisa Lindauer

P. 345-6, 349-51

Special Techniques for Diagnosing Infectious Agents:
Some infectious agents or their products can be directly observed in hemotoxylin and eosin  stained sections (eg: inclusion bodies formed by CMV and herpes virus; bacterial clumps, which usually stain blue; Candida and Muccor, among the fungi; most protozoans; and all helminths)

Many infectious agents are best visualized by special stains that identify organisms on the basis of particular characteristics of their cell walls or coat-- Gram, acid-fast, silver, mucicarmine, and Giemsa stains-- or after labeling with specific antibody probes.

pg 345 Table 9-8: Special Techniques for Diagnosing infectious agents:

Technique:




What it Identifies:
Gram Stain




Most Bacteria

Acid-fast Stain




Mycobacteria, nocardiae (modified)

Silver Stains




Fungi, legionellae, pneumocytosis

Periodic acid-Schiff



Fungi, amebae

Mucicarmine




Crytococci

Giemsa





Campylobacteria, leishmaniae, malaria, parasites

Antibody Probes




Viruses, rickettsiae

Culture





All Classes

DNA probes




Viruses, bacteria, protozoa

**Regardless of staining technique, organisms are best visualized at the advancing edge of a lesion rather than at its center, particularly if there is necrosis. Because these morphologic techniques cannot define species of organisms, determine drug sensitivity, or identify virulence characteristics, cultures of lesional tissue are performed.

DNA probes identify microbes that grow slowly in culture (mycobacteria or CMV) or do not culture at all Hepatitis B and C viruses)

DNA sequence analysis has been used to classify bacteria that have never been cultured, including those that cause Whipple disease ( a gram positive actinobacterium related to Actinomyces and Streptomyces) and bacillary angiomatosis (genus Bartonella).

Molecular biologic techniques have revolutionized epidemiologic studies of infectious agents in the hospitals and in the environment.

Regardless of the method of microbial identification, the final step in diagnosis of infectious pathogens is correlation of the suspect organism with the lesion caused and the sign and symptoms produced.
Spectrum of Imflammatory Responses to Infection:

While there exists a vast diversity of microbes, the patterns of tissue response to these agents are limited.  Therefore, at the macroscopic level, many pathogens produce identical reaction patterns, and few features are unique or pathognomonic of each agent.

Furthermore, it is the interaction between the microorganism and the host that determines the histologic features of the inflammatory response.  For example, in a profoundly neutropenic host, pyogenic bacteria, which normally evoke vigorous leukocyte responses, may cause rapid necrosis with little leukocyte exudation.

Similarly, In a normal patient, M. tuberculosis  causes well-formed granulomas with few mycobacteria present. But, in AIDS patients, the same mycobacteria multiply perfusely in macrophages, which fail to coalesce in granulomas.

RECAP:  M. Tuberculosis in normal patient = well-formed granulomas. AIDS patient, no granulomas!

****For all the microbes out there, there are just five (5) major patterns of tissue reaction! 


Suppurative (Polymorphonuclear) Inflammation


Mononuclear and Granulomatous Inflammation


Cytopathic-Cytoproliferative Inflammation


Necrotizing Inflammation


Chronic Inflammation and Scarring

SUPPURATIVE (POLYMORPHONUCLEAR) INFLAMMATION:

Characterized by: 



Increased vascular permeability and leukocytic infiltration, predominantly of neutrophils

The neutrophils are attracted to the site of infection by release of chemoattractants from the rapidly dividing, “pyogenic” bacteria that evoke this response, mostly extracellular gramm-positive cocci and gram-negative rodes. The bacterial chemoattractants include secreted bacterial peptides that contain N-formylmethionine residues at their amino termini. These are recognized by specific receptors on neutrphils.

Bacteria also attract neutrophils indirectly by releasing endotoxin that stimulates macrophages to secrete IL-1 or TNF or by cleaving complement into chemoattractant peptides.

Massing of neutrophils = pus. The size of exudative lesions vary from tiny microabscesses formed in multiple organs in bacterial septicemia to diffuse involvement of entire lobes of the lung in pneumococcal infections. 

Degree of Destruction:

How destructive the lesions are depends on their location and the organism involved.  


 Pneumococci spare alveolar walls (Fig9-12 pg 345)

Staphylococci and Klebsiella destroy alveolar walls and form abscesses

Bacterial pharyngitis heals without sequelae

Untreated bacterial inflammation of a joint can destroy it in a few days
**Fig. 9-12 pg 345

Shows Pneumococcal pneumonia and notes the intra-alveolar polymorphonuclear exudate as well as the intact alveolar septa

MONONUCLEAR AND GRANULOMATOUS INFLAMMATION:

Characterized By:

Diffuse, predominantly mononuclear interstitial infiltrates occur in response to viruses, intracellular bacteria, spirochetes, intracellular parasites, or helminths.

The type of mononuclear cell predominates depends on the host immune response to the organism.

Disease: 




Primary type of mononuclear cell:

In chancres of Primary Syphillis


Plasma Cells

Active HBVinfection 



Mostly Lymphocytes

Lyme Disease

Viral Infections of the brain



Presence of lymphocytes reflect cell-mediated immunity against the pathogen or the pathogen-infected cell.

Granulomatous Infllammation occurs when aggregated of altered macrophages form, sometimes around a central necrotic focus, or fuse together to form giant cells. Granulomas are usually evoked by relatively slow dividing infectious agents such as M. tuberculosis or Histoplasma or by those of relatively large size (eg: schistome eggs) in the presence of T cell-mediated immunity.

Macrophages may become filled with organisms, as occurs in M. avium infections in AIDS patients, who can mount no immune response to the organisms.

For M. leprae and for cutaneous leishmaniasis, some individuals mount a strong immune response so their lesions contain few organisms, few macrophages, and many lymphocytes, whereas other individuals with a weak immune response have lesions with many organisms, many macrophages, and few lymphocytes.

CYTOPATHIC-CYTOPROLIFERATIVE INFLAMMATION:

These reactions are characteristic of virus-mediated damage to individual host cells in the absence of host inflammatory response.  
         Virus:



Action:








CMV ,adenovirus


make viral aggregates that are visible as inclusion bodies


Measles virus, herpesvirus

induce cells to fuse and form polykarons


herpes



focal cell damage may cause epithelial cells to 






become discohesive and form blisters


veneral warts caused by HPV

cause epithelial cells to proliferate and form unusual


        umbilicated papules of molluscum
individual and aggregate morphologic lesions

        contagiosum caused by pox virus

**Viruses can cause dysplastic changes and cancers in epithelial cells and lymphocytes.

**Fig 9-14 pg. 346   Herpesvirus blister in mucosa (also references Fig 9-28 which shows close up of cells from blister showing glassy intranuclear herpes simplex inclusion bodies)

NECROTIZING INFLAMMATION:

Clostridium perfringens and other organisms that secrete strong toxins cause such rapid and severe tissue damage that cell death is the dominant feature. Because so few inflammatory cells are involved, these lesions resemble ischemic necrosis with disruption or loss of basophilic nuclear staining and preservation of cell outline. Entamoeba histolytica  causes colonic ulcers and liver abscesses characterized by extensive tissue destruction with liquefactive necrosis, in the absence of a prominent inflammatory infiltrate. By entirely different mechanisms, viruses can cause necrotizing inflammation when host cell damage is particularly widespread and severe, as exemplified by total destruction of the temporal lobes of the brain by herpesvirus or the liver by HBV.

CHRONIC INFLAMMATION AND SCARRING:

The final common pathway of many infections is chronic inflammation, which may lead either to complete healing or exstensive scarring.

For some organisms that are relatively inert, the exhuberant scarring response is a major cause of dysfunction. (eg: the “pipe-stem” fibrosis of the liver caused by schistosome eggs or the constrictive fibrous pericarditis in TB) **Fig 9-15 pg 347 Schistosoma haematobium infection of the bladder with numerous calcified eggs and extensive scarring. 

****NOTE:

These patterns of  tissue reaction are useful as working tools in analyzing features of infective processes, but they rarely appear in pure form because they frequently overlap (making it impossible for us to tell what the heck is going on!!?!?!--my comment--not Robbins’)

For example, a cutaneous lesion of leishmaniasis may contain two separate histopathic regions (great): a central ulcerated area filled with neutrophils and a peripheral region containing a mixed infiltrate of lymphocytes and mononuclear cells, where the leishmanial parasites are located.

Also, the lung of an AIDS patient may be infected with CMV that causes  cytologic changes and Pneumocystis that causes interstitial inflammation. Similar patterns of inflammation can also be seen in tissue responses to physical or chemical agents and in inflammatory diseases of unknown cause.

SUMMARY OF pgs 349-351:   

OVERVIEW:

Main Topic: 

Bacterial Respiratory Infections

Specific Infections:
Haemophilus Influenza and Tuberculosis (Mycobacterium Tuberculosis)
Introduction: 

Bacterial pneumonias are some of the most common bacterial infections in 



humans and are particularly important because they are most frequently cited as 


the immediate cause of death in hospitals. Almost any virulaent bacterial 



species can cause pneumonia-- we will focus on Haemophilus influenza and 



Mycobacterium tuberculosis.

HAEMOPHILUS INFLUENZA INFECTION:
H. influenza is a pleomorphic, gram-negative organism that is the major cause of acute lower respiratory tract infections and meningitis in young children. 

H. influenza  is a ubiquitous colonizer of the pharynx, where it exists in two forms-- encapsulated (5%) and unencapsulated (95%). The encapsulated dominates the unencapsulated forms by secreting an antibiotic called haemocin that kills the unencapsulated H. influenza .

There are six stereotypes of the encapsulated form (a-f). But, Type b, which has a polyribosephosphate capsule, is the most frequent cause of severe and invasive disease.

Nonencapsulated forms, may also spread along  the surface of the upper respiratory tract and produce otitis media (middle ear infection), sinusitis, and bronchopneumonia.

Pili on the surface of H. influenza  mediate adherence of the organism to the respiratory epithelium. In addition, H. influenza  secretes a factor that disorganizes ciliary beating and a protease that degrades IgA, the major class of antibody secreted into the airway. Survival of H. influenza in the bloodstream correlates with the presence of the capsule, which, like that of pneomococcus, prevents opsonization by complement and phagocytosis by host cells. Antibodies against the capsule protect the host from H. influenza infection, so the capsular polysaccharide b is incorporated in a vaccine for children against H. influenza .

In H. influenza meningitis, a liposaccharide endotoxin induces leukocyte chemotaxis and leukocytosis, and a cell wall peptidoglycan damages the vascular endothelium and disrupts the blood-brain barrier.

Morphology:  

H. influenza respiratory infections range from trivial involvement of the pharynx, middle ear, sinuses, or tonsils, which resemble upper respiratory infections, to severe febrile bacteremic illnesses that may be resistant to routine antibiotics. Acute epiglottitis and related involvement are more frequently caused by H. influenza than by any other pathogens. The uvula, epiglottic folds, and vocal cords swell rapidly and may suffocate the child within less than 24 hours if an open airway is not promptly established.

H. influenza pneumonia, which may follow a viral respiratory infection, is a pediatric emergency and has a high mortality rate. Descending laryngotracheobronchitis results in airway obstruction as the smaller bronchi are plugged by dense, fibrin-rich exudate of polymorphonuclear cells, similar to that seen in pneumococcal pneumonias. Pulmonary consolidation is usually lobular and patchy but may be confluent and involve the entire lung lobe.

Before a vaccine became widely available, H. influenza was a common cause of suppurative meningitis in children up to 5 years of age. H. influenza also causes an acute, purulent conjunctivitis (pinkeye) in children and predisposed older patients, may cause septicemia, endocarditis, pylonephritis, cholecystitis, and suppurative arthritis.

TUBERCULOSIS     (MYCOBACTERIUM TUBERCULOSIS):
M. tuberculosis infects about 1/3 of the world population and kills about 3 million patients each year-- making it the single most important infectious cause of death on earth!

With alleviation of overcrowding, which causes the spread of  M. tuberculosis, and with the introduction of effective antibiotics in the 1950’s, the United States and Western countries enjoyed a long decline in the rates of M. tuberculosis infections and deaths until the mid-80’s. Since that time, tuberculosis has been increasing in part because M. tuberculosis frequently and dramatically infects persons with AIDS. These individuals who have a diminished T cell mediated resistance to M. tuberculosis , develop disease at much higher rates than do healthy persons, have more pulmonary disease, and are more likely to transmit M. tuberculosis to others. In addition, multidrug- resistant M. tuberculosis has appeared among AIDS patients, threatening close contacts and health care workers. Because mycobacteria grow 20 to 100 times slower than other bacteria, it takes 4-6 weeks to obtain a colony of M. tuberculosis for drug sensitivity studies. Resistance to the best antimycobacterial drugs---rifampin and isoniazid--is caused by mutations in the RNA polymerase and catalase, respectively.

Etiology and Pathogenesis:

Mycobacteria are aerobic, non-spore-forming, nonmotile bacilli with a waxy coat that causes them to retain the red dye when treated with acid (“red snapper”) in the acid-fast stains.

Two species of  Mycobacterium cause tuberculosis:  M. tuberculosis and M. bovis.
M. tuberculosis is transmitted by inhalation of infective droplets coughed or sneezed into the air by a patient with TB.

M. bovis is transmitted by milk from diseased cows and first produces intestinal or tonsillar lesions. In developed countries, control of M. bovis in dairy herds and pasteurization of milk have virtually eradicated this organism.

M. avium and M. intracellulare are two closely related mycobacteria that have no virulence in normal hosts but cause disseminated infections in 15-24% of AIDS patients.

M. tuberculosis pathogenicity is related to its ability to escape killing by macrophages and induce delayed type hypersensitivity. This has been attributed to several components of the M. tuberculosis cell wall.

(1) cord factor: a surface glycolipid that causes M. tuberculosis to grow in serpentine cords in vitro. Virulent forms of M. tuberculosis have cord factor on their surface, whereas, avirulent strains do not, and injection of purified cord factor into mice induces characteristic granulomas.

(2) lipoarabinomannan (LAM): a major heteropolysaccharide similar in structure to the endotoxin of gram-negative bacteria, inhibits macrophage activation by  inerferon-gamma. LAM also induces macrophages to secrete TNF-alpha, which cause fever, weight loss, and tissue damage, and IL-10, which suppresses mycobacteria-induced T-cell proliferation.

(3) complement activated on the surface of mycobacteria may opsonize the organism and facilitate its uptake by the macrophage complement receptor CR3 without triggering the respiratory burst necessary to kill the orgainisms.

(4) a highly immunogenic 65-kD M. tuberculosis heat shock protein is similar to human heat-shock proteins and may have a role in autoimmune reactions induced by M. tuberculosis.

M. tuberculosis resides in phagosomes, which are not  acidified into lysosomes. Inhibition of acidification has been associated with urease secreted by mycobacteria and with uptake of mycobacteriaby complement-or mannose-building receptors rather than Fc receptors.

The development of cell-mediated, or type IV, hypersensitivity to the tubercle bacillus probably explains the organisms destructiveness in tissues and also the emergence of resistance to the organisms. On the initial exposure to the organism , the inflammatory response is non-specific, resembling the reaction to any form of bacterial invasion. Within 2 or 3 weeks, coincidence with the appearance of a positive skin reaction, the reaction becomes granulomatous and the centers of the granulomas become caseous, forming typical “soft tubercles”. The sequence of  events that follow an initial lung infection is outlined in Fig 9-17 on pg 350.  The pattern of host response depends on whether the infection is a primary first exposure to the organism or a secondary reaction in an already sensitized host.

Primary Infection:

The primary phase of M. tuberculosis infection begins with the inhalation of the mycobacteria and ends with the T-call mediated immune response that induces hypersensitivity to the organisms and controls 95% of infections. Most often in the periphery of one lung, inhaled M. tuberculosis is first phagocytosed by alveolar macrophages and transported by these cells to the hilar lymph nodes. Naive macrophages are unable to kill the mycobacteria which multiply, lyse the host cell, and sometimes disseminate through the blood to other parts of the lung and elsewhere in the body. After a few weeks, the T-cell mediated immunity demonstrable by a positive purified protein derivative (PPD) test reaction develops. Mycobacteria-activated T cells interact with macrophages in three ways. (1) CD4+ helper T-cells secretes interferon-gamma, which activates macrophages to kill intracellular mycobacteria through reactive nitrogen intermediates including NO, NO2, and HNO3. This is associated with the formation of epitheliod cell granulomas and clearance of the mycobacteria. (2) CD8+ suppressor T-cells lyse macrophages infectes with mycobacteria through a Fas-independent , granule-dependent reaction and kill mycobacteria. (3) CD4-CD8- (double negative) T cells lyse macrophages in a Fas-depenndent manner, without killing the mycobacteria. Lysis of the macrophages results in the formation of caseating granulomas . (See Fig 9-18 on pg. 351) Direct toxicity of the mycobacteria to the macrophages may contribute to the necrotic caseous centers. Mycobacteria cannot grow in this acidic, extracellular environment lacking oxygen, and so the mycobacterial infection is controlled. The ultimate residuum of the primary infection is the calcified scar in the lung parenchyma and in the hilar lymph node, together referred to as the Ghon complex.
Secondary and disseminated Tuberculosis:

Some individuals become reinfected with mycobacteria, reactivate dormant disease, or progress directly from the primary mycobacterial lesions into disseminated disease. This may be because the strain of mycobacterium is particularly virulent or the host is particularly susceptible. In mice, susceptibility to mycobacterial infection (as well as Salmonella and Leishmania) is determined by an autosomal dominant gene called Bcg, which encodes a membrane transport protein. Whether the protein acts at the level of the plasma membrane or interferes with bacterial killing in the lysosome is unclear. Granulomas of secondary tuberculosis most often occur at the apex of the lungs but may be widely disseminated in the lungs, kidneys, meninges, marrow and other organs. These granulomas which fail to contain the spread of mycobacterial infection, are the major cause of tissue damage in TB and are a reflection of delayed type hypersensitivty. 

Two special features of secondary TB are: caseous necrosis and cavities. Necrosis may cause ruptures into blood vessels, spreading mycobacteria throughout the body, and break into airways, releasing infectious mycobacteria in aerosols.

Morphology:
Miliary tuberculosis refers to hematogenous dissemination of TB lesions throughout the body. The term miliary is descriptive of the small, yellow-white lesions that resemble millet seeds fed to birds and are present in the lungs and systemic organs. Certain tissues are relatively resistant to TB infection, so it is rare to find tuberles in the heart, striated muscle, thyroid and pancreas. In certain instances, hematogeneously spread organisms are destroyed in all tissues but persist in only one organ (isolated end-organ disease). This occurence is most frequent in the lungs, cervial lymph nodes (scrofula), meninges (tuberculosis meningitis), kidneys, adrenals, bone (tuberculosis osteomylitis), fallopian tubes, epididymis. In vertebral tuberculosis (Pott disease), long fistulas may form along the psoas muscle to open and drain into the groin region.

M. tuberculosis and M. avium-intracellulare Lesions in AIDS:

Depending on the level of immunosuppresion in AIDS patients, mycobacterial infection can take three forms:

(1) In developing countries, where M. tuberculosis infection is frequent, HIV-infected individuals often have primary and secondary  M. tuberculosis infection with the usual, well-formed granulomas composed of epitheliod cells, Langerhans giant cells, and lymphocytes. In these lesions, acid-fast mycobacteria are few and often difficult to find.

(2)When HIV+ patients develop AIDS and are moderately immunosuppressed (less than 200 CD4+ helper T-cells/mm3), M. tuberculosis infection is frequently caused by reactivation or by exposure to new mycobacteria. Because HIV infects both T-cells and macrophages, defects in the host immune response to M. tuberculosis may be secondary to failure of helper T-cells to secrete lymphokines that activate macrophages to kill mycobacteria or the failure of HIV-infected and mycobacteria-infected macrophages to respond to lymphokines. The relative increase in the number of CD8+ cytotoxic T-cells may also cause macrophage destruction in the M. tuberculosis lesions. On histologic examination, granulomas are less well formed, are more frequently necrotic, and contain more abundant acid-fast organisms. Neutrophils may be present where TB cavities have eroded into the airways. Although the sputum is + for acid-fast organisms in 31-82% of patients with AIDS, only 33% of patients are reactive with PPD. Extrapulomnary TB occurs in 70% of such patients, involving lymph nodes, blood, CNS, and bowel. Despite the severity of the M. tuberculosis infection in AIDS patients, treatment with multiple drugs clears all but the multidrug-resistant organisms.

(3) Opportunistic infection with M. avium-intracellulare occurs in severely immunosuppressed patients (less than 60 CD4+ cells/mm3). Most infections with these organisms originate in the GI tract, although some begin in the lung. M. avium-intracellulare infections are usually widely disseminated throughout the reticuloendothelial systems, causing enlargement of involved lymph nodes, liver, and spleen. There may be a yellowish pigmentation to these organs secondary to the large number of M. avium-intracellulare present in swollen macrophages. Granulomas, lymphocytes, and tissue destruction are rare. See Fig. 9-19 pg 352.  M. avium infection in a patient with AIDS, showing massive infection with acid-fast organisms

That’s all folks!!!!
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Fungal Respiratory Infections

Histoplasmosis & Coccidioidomycosis

1. granulomatous diseases of the lung that may resemble TB

2. caused by thermally dimorphic fungi- grow as hyphae that produce spores at environmental temperatures, and as yeasts at body temperatures.

3. most common in the following geographic areas: along Ohio and Mississippi rivers, Caribbean, Southwest and South U.S. & Mexico.

HISTOPLASMOSIS

Histoplasma capsulatum

An intracellular parasite of macrophages acquired from inhalation of spores, often from dirt etc contaminated by bird or bat droppings.

Resembles TB in its

1. self-limited and latent primary pulmonary involvement.

2. chronic, progressive, and secondary lung disease causing cough, fever, & night sweats.

3. localized lesions in extrapulmonary sites: mediastinum, meninges, adrenal, or liver.

4. widely disseminated involvement in immunosuppressed patients.

Mode of infection

Unopsonized Histoplasma bind beta chain of integrin receptors. Histoplasma yeasts are phagocytosed by unstimulated macrophages. The yeast replicate within the phagolysosome and lyse the host cell.

Control of infection

Helper T cells recognize the fungal cell wall antigens and heat shock proteins (
Helper T’s secrete Interferon gamma ( activates macrophages ( kill intracellular yeasts.

Histoplasma stimulates macrophages to secrete TNF-alpha ( stimulates macrophages to kill histoplasma.

MORPHOLOGY

Histoplasma infections produce epitheliod cell granulomas, which undergo coagulative necrosis and coalesce to form areas of consolidation. These may liquefy to form cavities.

Drug control of lesions causes them to undergo fibrosis and calcification.

Chronic histoplasmosis gray-white granulomas.

Fulminant disseminated histoplasmosis occurs in immunosuppressed people.  No epitheliod cell granulomas. Focal accumulations of yeast filled macrophages throughout the body.

Robbins’ summaries
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OPPORTUNISTIC AND AIDS-ASSOCIATED INFECTIONS

Infections Associated With Neutropenia and Helper T-Cell Depletion

Cytomegalic Inclusion Disease

( CMV is a beta-group herpes virus that causes an asymptomatic of mononucleosis-like infection in healthy people. 

( Can cause devastating systemic infections in neonates and immunosuppressed i.e. esophagitis, colitis, hepatitis, renal tubulitis, chorioretinitis, & meningoencephalitis. 

( CMV is almost always accompanied by P. Carinii in AIDS patients

Spread by:

1. intrauterine transmission

2. perinatal transmission at childbirth

3. mother’s milk

4. respiratory fluid

5. sexual fluids

6. blood

7. transplantation of virus-infected grafts

morphology

( Infected cells are enlarged, with large purple intranuclear inclusions surrounded by a clear halo (Fig 9-43).

( CMV causes focal necrosis with minimal inflammation in any organ. 

p.379-83

Cryptococcosis

· Cryptococcosis neoformans is an encapsulated yeast that causes meningoencephalitis

· More frequent in patients w/ AIDS, leukemia, lymphoma, SLE, Hodgkin’s disease, sarcoidosis, transplant recipients

· Pathogenesis:

1. Cryptococcosis neoformans virulence associated with capsular polysaccharide, resistant to killing by alveolar macrophage, product of phenol oxidase (consumes host epinephrine, protecting fungi from epinephrine oxidative system)

· Morphology:

1. lung: primary site of localization, but mild asymptomatic

2. CNS: in immunosuppressed patients, gelatinous masses grow in meninges; non-immunosuppressedaa: fungi induce chronic gromulomatuous reaction; severe immunosuppressed: spread to skin, liver, spleen, adrenals, bones

Aspergillosis

· Ubiquitous mold:

1. healthy people: allergies (brewer’s lung)

2. neutropenic people: serious sinusitis, pneumonia, fungenia

· secretes 3 toxins

1. aflatoxin ( by aspergillus on surface of peanuts ( liver cancer

2. restrictocin and mitogillin ( ribotoxins that inhibit host cell protein synthesis by degrading mRNA

· sensitization to Aspergillosis spores: type III & IV hypersensitivity ( may result in COPD in asthmatic patients.

· Morphology: colonizing aspergillosis ( growth in pulmonary cavities, no tissue invasion, may be chronic inflammation

· Invasive aspergillosis ( only in immunosuppressed & debilitated hosts ( primary lesions in lung (necrotizing pneumonia), spread to heart valves, brain, kidneys

1. lesions in lung have round, gray foci with hemorrhagic borders ( target lesions

2. Tendency to invade blood vessels

Mucormycosis

· Opportunistic infection of neutropenic persons & ketoacidotic diabetics ( caused by “bread mold fungi” (Phycomycetes)
· Morphology:
1. primary sites: nasal sinuses, lungs, gastrointestinal tract
2. diabetics: fungus got to orbit & brain: rhinocerebral mucormycosis
3. local tissue necrosis, invade artery wall, penetrate periorbital tissues & cranial vault ( meningoencephalitis (complicated by cerebral infarction)
4. phycomycetes form nonseptate, irregular wide fungal hyphae
5. lung lesions combine areas of hemorrhagic pneumonia with vascular thrombi and distal infarction
Pneumocystic Pneumonia

· Pneumocystic carinii is a ubiquitous organism causing severe pneumonia in patients with AIDS and kids with protein-calorie malnutrition

· 1st diagnosed opportunistic infection in HIV-infected persons ( leading cause of death

· Diagnosis by cup- or boat-shaped cysts in bronchoalveolar fluid

· Infection occurs when CD4 helper T-cells < 200 cells/mm^3

· Morphology:

1. Diffuse & patchy pneumonia

2. Lungs are airless, red & beefy

3. Alveoli filled with foamy, amorphous material (prolific parasites & debris)

4. Frequently a concurrent infection

Cryptosporidium & Cyclospora Infections
· Cryptosporidium parvum ( coccidium protozoan parasite (malaria family) ( causes diarrhea in cattle

· Transient watery diarrhea in normal kids

· Chronic, debilitating diarrhea in patients with AIDS

· C. parvum not killed by chlorine or removed by filtration through sand ( can contain municipal H2O

· Sporozites have a lectin on surface that mediates adherence to intestinal & colonic epithelial cells

1. sporozites disrupt microvilli and enter cytoplasm of epithelial cells ( malabsorption & secretory diarrhea

· Intact T-cell-mediated immunity needed to clear parasites

· Cyclospora cayetarensis ( another coccidian parasite associated with diarrhea (from raspberries)

· Morphology: cryptosporidia adhere to apical brush border of absorptive gut epithelium, enveloped by host cell membrane

Toxoplasmosis

· Toxoplasma gordii is a coccidian protozoan parasite ( mild infection in normal people, severe infection in utero and patients with AIDS

· Humans infected by ingesting cat feces or uncooked lamb or pork

· T. gordii spreads systemically & penetrates any type of host cell ( spreads from cell to cell until T-cell-mediated immunity develops and macrophages activate to kill parasites

· T. gordii infection of mother in 1st term of pregnancy ( travel through placenta & destroy fetal heart, lung, brain tissue

· Congenital T. gordii infection ( most common cause of chorioretinitis ( blindness

· In immunosuppressed patients, may reactivate dormant cysts ( massive lesions

· T. gordii can infect all types of cells ( invasion dependent on parasite actin

· Morphology:

1. Follicular hyperplasia, focal proliferation of transformed, hystiocytoid B cell, & scattered macrophage accumulation

2. lesions more frequent in young women than in men

3. neonatal toxoplasmosis: destructive lesions of CNS causing hydrocephalus & extensive CNS necrosis, vascular thrombosis, intense inflammation

4. Toxoplasma chorioretinitis:destruction of retina by tachyzoites, accomplished by granulomatous reaction in choroids and sclera

Pseudomonas Infection

( Pseudomonas aeruginosa opportunistic bacteria, frequent and deadly pathogen of patients with cystic fibrosis, severe burns, or neutropenia. 

( Causes pulmonary failure in patients with cystic fibrosis, and sepsis in burn patients.

(Also causes corneal keratitis (in contact lens wearers), endocarditis & osteomyelitis (in I.V. drug users), and otitis (in swimmers and diabetics). 

pathogenesis
( Coregulated pili and adherence proteins mediate adherence to epithelial cells and lung mucin. 

( Endotoxin causes symptoms.

( Virulence factors: 

1. forms alginate: similar to seaweed, it covers the bacteria and protects them from antibacterial antibodies, complement, and phagocytes.

2. secrete exotoxin
3. elaborates exoenzyme S which may interfere with host cell growth (by ADP ribosylating small G proteins including p21 ras).

4. secretes a PLC that lyses RBCs and degrades pulmonary surfactant, and an elastase that degrades IgGs and extracellular matrix proteins. 

5. produces an iron-containing compound that is toxic to endothelial cells.

morphology.

( Necrotizing inflammation. Striking whitish necrotic centers and red hemorrhagic peripheral areas.

( In skin burns, often see necrotic and hemorrhagic skin lesions that arise during these bacterimias, called ecthyma gangrenosum. DIC is also a common complication of the bacterimia.

Legionnaires Disease

Bacterial pathogen named Legionella pneumophila. Causes a mild, self-limited fever in the healthy (Pontiac fever), and severe pneumonia in the immunosuppressed (legionnaires disease).

pathogenesis. Facultative intracellular parasite of macrophages. Within the macrophage L. pneumophila fails to induce a respiratory burst; the organisms block phagosome fusion with the lysosome, multiply, and lyse the host cell. 

morphology

( Produce multifocal pneumonia or fibropurulent type that is initially nodular, but may become confluent or nodular.

( High ratio of mononuclear phagocytes to neutrophils.

( Abscesses are frequent but tend to be small and rarely confluent.

Listeriosis

( L. monocytogenes is a facultative intracellular bacterium that causes food-borne infections. May cause disseminated disease (granulomatosis infantiseptica) and exudative meningitis. 

( Naïve macrophages which internalize Listeria through C3 activated on bacterial surface fail to kill it. Activated macrophages, which depend on cell-mediated immunity, kill the bacteria.

morphology

( Evokes and exudative pattern of inflammation with many neutrophils. 

( Focal abscesses alternate between grayish and yellow nodules, representing necrotic amorphous basophilic tissue debris.

( True epitheliod granulomas are rare.

Candidiasis

( Part of normal flora of skin, mouth, GI tract & most frequent cause of human fungal infections (most common Candida is C. albicans). 

( Grows as yeast form and best on warm, moist surfaces so frequently causes vaginitis, oral thrush, and diaper rash.

( May be directly introduced into the blood via I.V. lines, catheters, cardiac surgery, etc. disseminated Candida eventually causes shock and DIC.

pathogenesis. Has molecule on its surface that mediate its adherence to tissues. i.e.

1. a receptor homologous to the human C3 integrin

2. a lectin that binds sugars on epithelial cells

3. mannose-containing proteins that bind lectin-like molecules on epithelial cells.

morphology

( Produce superficial white patches or large fluffy membranes that are easily detached, leaving reddened underlying surfaces. 

( Lesions contain acute and chronic inflammation with microabscesses. When chronic, granulomatous reactions may develop.

( Severe, invasive candidiasis associated with the immunosuppressed, involved the kidney 90% of the time. Leading to multiple microabscesses of the cortex and medulla. 

( The fungus occupies the center of the lesion, with surrounding area of necrosis and neutrophil infiltrate. 

( Candida right-sided endocarditis, results from direct introduction of fungus into the blood stream. Lead to friable vegetations that often embolize. 

( In lungs: lesions are extensive, polymorphous, hemorrhagic, and infarct-like.

Also causes meningitis, arthritis, etc. in any of these locations the fungus may evoke little to no inflammatory reaction, cause the usual suppurative response, or occasionally produce granulomas.

Robbins summary, Adam Farkas
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Plasma Cell Neoplasms, Multiple Myeloma, and Related Entities

· Plasma cell neoplasms are related entities are a group of lymphoid neoplasmas of terminally differentiated B cells that have in common the expansion of a  single clone of Ig-secreting plasma cells and resultant increase in serum levels of a single homogeneous Ig or its fragments. Many, but not all of these clonal proliferations (dyscrasias) are malignant.

· The monoclonal Ig identified in the blood is referred to as an M component in reference to myeloma. Normally, M components are restricted to plasma and ECF due to their size, however, they may appear in the urine when there is a glomerular damage with heavy proteinuria. In normal plasma cells, production and coupling of heavy and light chains is tightly balanced . This balance is frequently lost in neoplastic plasma cells, leading to production of excess light or heavy chains along with complete Ig. Occasionally there are free light (Bence Jones proteins) or heavy chains. BJP are normally small enough to be excreted in the urine, however, with renal failure, or massive synthesis they may appear in the blood in significant concentrations.

· Disorders associated with abnormal Ig include gammopathy, monoclonal gammopathy, dysproteinemia, and paraproteinemia.

 Multiple myeloma (plasma cell myeloma)

 is the most important and most common disorder. Multiple tumorous masses throughout the skeletal system. Solitary myeloma (solitary plasmacytoma) is infrequent and is a solitary neoplastic mass of plasma cells found in bone or some soft tissue sites.

Waldenstrom macroglobulinemia

Hyperviscosity syndrome caused by high levels of IgM. Macroglobulinemia is unusual in myeloma, but significant hyperviscosity is observed with some tumors, particularly those secreting large amounts of IgA or IgG3. Most commonly seen in patients with Lymphoplasmacytic lymphoma, but also with CLL and SLL resembling tumors.

Heavy-chain disease

Synthesis and secretionof Ig heavy chain fragments. Commonly seen in CLL, SLL, lymphoplasmacytic lymphoma and Mediterranean lymphoma.

Primary or immunocyte-associated amyloidosis

Results from a monoclonal proliferation of plasma cells secreting free light chains (mostly delta isotype) that are subsequently processed to amyloid. 

Monoclonal gammopathy of undetermined significance (MGUS)

M components are identified in the blood of patients having no symptoms or signs.

Multiple Myeloma (in greater detail)

· a plasma cell neoplasm characterized by involvement of the skeleton at multiple sites. Mostly in bones, but can spread to lymph nodes and extranodal sites like the skin. 

· Etiology and Pathogenesis: 

Phenotypic studies imply htat the cell of origin is a less differentiated cell. Whether this is an example of neoplasia-induced lineage infidelity or an indication that the true cell of origin is a multipotent hematopoietic stem cell is unclear.

Proliferation and survival of myeloma cells seems to be dependent  on several cytokines, most notably IL-6. IL-6 is produced my tumorous plasma cels and stromal cells in the marrow.

Cytokines also mediate bone destruction which is the major pathologic feature of multiple myeloma. Included as osteoclast activating factors are IL-1B and IL-6.

Most frequent karyotypic abnormalities are deletions of 13q and rearrangement of 14q. The expression of FGFR3 (firbroblast growth factor receptor 3) is increased (it is a tyrosine kinase receptor).

BJP (Bence Jones Proteins) are excreted in the kidney (myeloma kidney)

· Morphology

· Multiple myeloma presents most often as multifocal destructive bone lesions throughout the skeletal system. 

· Begin in the medullary cavity destroying cancellous bone and then gradually outward to destrory cortical bone.

· Pathologic fractures (most often in vertebral column)

· Bony defects most typically filled red, gelatinous tumor.

· Lesions appear as ‘punched-out’ defects.

· Neoplatic plasma cells have a perinuclear hof (bc of prominent Golgi) and eccentric nucleus. May also see plasmablasts, bizarre multinucleated cells, flame cells, Mott cells, fibrils, crystalline rods, Russell bodies, Dutcher bodies. 

· Clinical Course

· Peak age is between 50 and 60 years. Clinical feature stem from (1) infiltration of organs, especially bones by neoplstic plasma cells (2) production of excessive Ig with abnormal physiochemical properties (3) suppression of normal humoral immunity

· Hypercalcemia due to osteoclast resorption.

· Decreased Ig leads to infection. Cellular immunity is relatively unaffected

· Renal insufficiency (secondary only to infection as cause of death)

· Bence Jones proteinuria very serious, since excreted light chains are toxic to tubular epithelium. Amyloidosis of AL type may occur due to excessive production of Ig light chains.

· The monoclonal Ig produces a high spike when serum or urine is subjected to electrophoresis. Immunoelectrophoresis or immunofixation is used to identify the nature of monoclonal Ig.

· The most common serum monoclonal Ig (M protein) is IgG. Next is IgA. Excessive production and aggregation of M proteins leads to the hyperviscosity syndrome in approximately 7% of patients.

· Individual lesions appear as sharply punched-out defects having a rounded soap-bubble appearance on x-ray film, but generalized osteoporosis may also be seen. May see interstitial plasma cells or sheetlike aggregates that replace normal elements. Marrow involvement may cause anemia. Rarely, neoplastic plasma cells flood the peripheral blood, giving rise to plasma cell leukemia.

· Prognosis is variable but generally poor. Patients with indolent myeloma can survive for many years. Chemo and anti bone resorption drugs (biphosphonates), and autologous bone marrow transplantation may help somewhat.

Solitary myeloma (Plasmacytoma)

Basically isolated (non-multiple) myeloma. Bony lesions similar to multiple myeloma. Extraosseous lesions are often lovated in the lungs, oronasopharynx, or nasal sinuses.

Progression to classis multiple myeloma becomes manifest in most patients with osseous plasmacytoma, whereas extraosseous tumors disseminate in only a minor fraction of patients.

Monoclonal Gammopathy of Uncertain Significance (MGUS)

A dysproteinemia without associated disease. Present in 1% of healthy persons over 50, and 3% of healthy people over 70. Most common form of monoclonal gammopathy.

Some will develop a plasma cell dyscrasia (usually multiple myeloma) after10-15 years. 

There is no Bence Jones proteinuria.

� I don’t believe that the details of the study are necessary but just in case you are curious, read the 3rd paragraph on p. 307 to check out the differences in p53 gene mutation caused by aflotoxin B1 (fungal metabolite) or by other chemicals


� Okadoic acid is another promoter that affects signal transduction.  It a powerful inhibitor of protein phosphatases and hence prevents dephosphorylation of substrates that promote signal transduction in their phosphorylated form.





