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EPIDEMIOLOGY


Influence CA development patterns – age, nutrition, heredity, migrations, environmental carcinogens


Incidence: Prostate #1 in men, Breast #1 in women


Mortality: Lung #1 in both sexes


Heredity


Autosomal dominant inherited cancer syndromes – inherited predisposition, specific site and marker phenotype, no general ↑ CA susceptibility, rare. Ex: retinoblastoma, familial adenomatous polyposis


Familial cancers – young onset, no marker phenotype, familial clustering. Ex: breast and ovarian in Lynch II, Lynch I, Li-Fraumeni syn. (mutant p53), BRCA-1,2 mutation, colon


Autosomal recessive syn. of DNA repair – ex: xeroderma pigmentosum, Bloom syn., ataxia telangiectasia


Acquired preneoplastic disorders – conditions that ↑ risk for CA. Ex: cigarettes→squamous metaplasia→lung CA, chronic ulcerative colitis→colon CA, chronic atrophic gastritis→gastric CA, oral leukoplakias→oral, head and neck CA





CARCINOGENIC AGENTS


Chemical carcinogenesis – initiation and promotion for tumorigenesis


Initiation – irreversible mutation to DNA


Carcinogen→detoxified or metabolically activated→electrophilic intermediates→detoxified or bind DNA→adduct DNA→repaired, die, or become initiated cell


Direct-acting (chemotherapy alkylating agents) or indirect (get activated)


Metabolic activation – ex: aflatoxin (liver CA), griseofulvin (tx fungus), nitrosamines (beer in past), heterocyclic amines (from grilling meat). P450-dependent mono-oxygenases metabolize – drugs and diet induce


Ames test detects chemicals that cause DNA mutations


Carcinogen examples – alkylating agents, polycyclic aromatic hydrocarbons, aromatic amines, azo dyes, aflatoxin, nitrosamines, asbestos, vinyl chloride, arsenic


Promotion – induce tumors in initiated cells, reversible, nontumorigenic). Ex: saccharin, hormones (↑ estrogen), dietary fat (bile acids), EtOH


Radiation carcinogenesis


Ultraviolet – UVB→non-melanoma skin CA (basal/squamous cell) by altered bases (OH on guanosine) or PYR dimers, some relationship to melanoma


Ionizing  – both electromagnetic (x-rays/gamma rays) and particulate (ex: protons) are carcinogenic; therapeutic rad for thyroid→CA; causes chromosomal breaks→leukemias, translocations (Burkitt’s lymphoma) 


Viral and microbial carcinogenesis – HPV, EBV, HBV, HTLV-1, H pylori


DNA viruses


Human papilloma virus – types 16,18→full DNA integration (genital warts aren’t)→early proteins E5-7→E7 binds Rb, p53→cervical CA


Epstein-Barr virus – mononucleosis, Burkitt’s (B-cell) lymphoma, multifocal B-cell tumors in AIDS, nasopharyngeal carcinoma


Hepatitis B virus – linked to hepatocellular carcinoma, HBx binds p53


RNA viruses – human T-cell leukemia type 1 (HTLV-1) – tax gene→turns on IL-2, IL-2R, GM-CSF (insertional mutagenesis)


Helicobacter pylori – linked to ulcers, gastric lymphomas/carcinomas, killed by Abx→lymphomas regress





MOLECULAR BASIS OF CANCER


CA result of non-lethal genetic damage. Defective protooncogenes (normal growth/differentiation), antioncogenes (tumor suppressors), apoptosis genes, DNA repair genes all may→CA


Oncogenes are CA-causing derivatives of protooncogenes, discovered b/c retroviruses picked them up→infected animal→caused CA. Insertional mutagenesis=virus inserts in regulatory gene and controls


Protooncogene/Oncogene products: growth factors and their receptors (Erb-B2), signal transduction proteins (Ras=GTP binding protein, c-abl)), nuclear regulatory proteins (c-myc), cell cycle regulators (cyclins/CDKs)


Cyclins activate CDKs→drive cell cycle (constitutively expressed in cycle)


Ex: Cyclin D+CDK4/6→CDK-cyclin→phosphorylate Rb (inactive)→release E2F→drives cell into S phase (most critical checkpoint) →cyclin degraded. Cyclin A binds CDK2; cyclin B binds CDK1→enter M phase; cyclin E stimulated during G1


Oncogene activation – change structure or regulation. 


Point mutation (Ras)


Chromosomal translocation – Burkitt’s lymphoma (c-myc→Ig gene), chronic myelogenous leukemia (abl→B-cell receptor (bcr)→bcr-abl→chrom 22=Philadelphia chromosome)


Gene amplification – Neuroblastoma (n-myc→HSRs/double minutes), breast CA (c-erb B2)


CA suppressor genes


Knudson “two hit” – have to take out both Rbs→retinoblastoma


Regulate nuclear transcription and cell cycle – Rb (block  S1 entry), EZF-1, p53 (DNA damage→p53 binds DNA→p21/GADD45→G1 arrest→repair or apoptosis; 50% of CAs), BRCA-1,2 (breast CA)


Regulate signal transduction – NF-1, APC (mutant truncated→colon CA, familial polyposis)


Cell surface receptors – cadherin, DCC


Regulate apoptosis – bcl-2 (antiapoptotic)/bax (proapoptotic), p53


Genes that regulate DNA repair – HNPCC (mismatch repair→RER phenotype), xeroderma pigmentosum (can’t excise UV-induced PYR dimers→skin tumors)


Telomeres – shorten w/ replication, telomerase extends (most CA has)


Multistep carcinogenesis in colorectal CA (as example) – normal epithelium→hyperproliferative epithelium (lose APC)→early adenoma (lose DNA methylation gene)→intermediate adenoma (mutant Ras)→late adenoma (loss DCC)→carcinoma (lose p53)





BIOLOGY OF TUMOR GROWTH – in notes, no lecture


Malignant tumor – transformation, growth of those cells, local invasion, metastases


Influence tumor growth – kinetics, angiogenesis, progression and heterogeneity


Kinetics – don’t short cycle, more cell production than loss, solid tumor is already far


Angiogenesis – critical to growth, capable of effecting formation of new capillaries


Progression – most monoclonal, heterogenous when evident, subpop more damage


Invasion/metastasis


Invade ECM by detach from each other, attach to matrix, degrade ECM, migrate


Vascular dissemination and homing – tumor cells clump in circulation (CD44); organ tropism by: adhesion molecules, organs have chemoattractants


No metastastis gene – maybe nm23, kiss





MORPHOLOGIC/CLINICAL PERSPECTIVE


Definitions


Benign – cell origin + “oma” (ex Lipoma); exceptions – lymphoma, melanoma, hepatoma (hepatocellular carcinoma)


Malignant epithelial tumors – carcinomas; malignant mesenchymal tumors – sarcomas, malignant lymphoid tumors – lymphomas


Non-neoplastic solid masses – choristoma (ectopic normal tissue), hemartoma (disorganized tissue in right place)


Mixed cell tumors


From one germ layer – more than one cell type, usually epithelial and stromal components, ex: pleomorphic adenoma, fibroadenoma, malignant cystosarcoma phyllodes, carcinosarcoma


All 3 germ layers – teratoma, from oocytes


Benign vs. Malignant


Metastasis – most important criterion, defines as malignant (except glioma, basal cell carcinoma), 30% malignancies already metastasized; distinguish primary tumor if see normal→dysplastic→malignant. Spread by lymphatics-nodes large/hard (carcinomas), hematogenous-often veins (sarcomas, some carcinomas), direct seeding (ovarian carcinoma into peritoneal cavity)


Differentiation – how much tumor resembles normal counterpart, benign well-differentiated (look nl) vs malignant (usually more poorly differentiated or undifferentiated=anaplastic→lose fxn), correlates with growth rate


Anaplasia – from immature cells; see nuclear pleomorphism, hyperchromasia, high nuclear-to-cytoplasmic ratio, irregular nuclear borders, prominent nucleoli, high mitotic rate, abnormal mitotic figures (tripolar), tumor giant cells, disrupted architecture and disorientation


Invasion – 2nd most important criterion


Benign – localized, discrete expansile mass, capsule


Malignant – invade local tissues, no capsule, send fingers of tumor to infiltrate surrounding tissue→inflammation, necrosis and hard to cut out


Dysplasia – lose maturation of normal epithelium→immature cells on surface, often anaplastic; full-thickness dysplasia=carcinoma-in-situ; does NOT invade, can progress to CA or regress, excise=cure; may have malignant characteristics (undifferentiated, high mitotic rate)


Local effects – impinge/destroy structures, block tubules, ulceration, 2° infection, bleeding, torsion, rupture, infarction


Paraneoplastic syn – not result of local effects/metastasis/indigenous hormones; ex: lung small cell carcinoma→ACTH→Cushing’s syn., lung squamous cell carcinoma→PTH-like→hypercalcemia


CA cachexia – lose lean body mass w/ anorexia, weakness, anemia; TNF-a


Grade=differentiation vs Stage=tumor size and spread (more important)


Tumor markes – CEA (colon, pancreatic, gastric carcinomas), AFP (hepatocellular carcinoma and yolk sac tumor), HCG (choriocarcinoma), PSA (prostate carcinoma), CA-125 (ovarian carcinoma)








