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Tumor – swelling of excess tissue

· Non-neoplastic – cysts

· Neoplastic – excess of cells

· Benign: non-invasive, not defined by size (polyps, adenomas, nevi)

· Malignant = cancer: can be invasive (carcinomas, sarcomas, leukemias)

· Final stage of malignancy is metastasis

· Each metastatic tumor is about a million cells that came from one invasive cell that migrated

· Many different types of cancer; several different kinds of tumors can form in each organ

· Metastasis results in the overtaking and destruction of organs and vessels, leading to death

Essence of neoplasia

· Cell cycle control (cell birth)

· Apoptosis control (cell death)

· Ratio of cell birth to cell death in a normal adult is 1. If cell death is greater than cell birth, leads to atrophy. Even a tiny increase of cell birth relative to cell death results in net cell growth ( tumor (can take 20-30 years)

What causes cancer?

· Components that can contribute include viruses, other infectious agents, breakdown in immunity, changes in gene expression

· The basis of cancer is mutations in specific genes

· Some people are predisposed to getting cancer via a hereditary mutation, but this is not enough to cause cancer on its own

· More mutations (non-hereditary) must be acquired during a person’s lifetime for cancer to develop

· A cancer cell has some growth advantage so it can predominate over normal cells, leading to a wave of clonal expansion. Its progeny also predominate over other cells, leading to more waves of clonal expansion and so on

Cancer Causing Genes

· Oncogenes – normally stimulate growth

· Suppressor genes – normally inhibit growth

· Repair genes – normally limit mutations, but if the repair gene is defective it will accelerate the onset of mutations

Tumor Suppressor Genes

· Wilms’ Tumor (a solid tumor)– effects children; observations of this type of tumor stimulated the Two-Hit Hypothesis

· Clinical Basis for Two-Hit Hypothesis

· Familial and non-familial forms of the cancer exist

· Familial form

· 10,000x incidence relative to non-familial

· often multiple tumors (vs only 1 for non-familial)

· often occurs earlier than non-familial

· only small portion of cells become cancers

· Classic fusion experiment

· Normal cell + tumor cell ( no tumor in most cases because normal cell supplies good copies of tumor suppressor genes

· An exception is in the case of myeloma cells. These will form tumors when fused with normal cells (like when making monoclonal antibodies)

· Wilms’ tumor cell + chromosome 11 ( no tumor – this suggests that there is a tumor suppressor gene on chromosome 11

· Non-familial form: 

· First hit = somatic mutation

· Second hit = another somatic mutation (or LOH) in a cell that already has one mutated allele

· Familial form:

· First hit = mutation in germ-line on one allele (present in every cell)

· Second hit = somatic mutation on other allele (or LOH) – the point here is that only one somatic hit is necessary for tumor initiation

Retinoblastoma – also 2-Hit; on chromosome 13 instead of chromosome 11

· if first hit is present in every cell, why does the cancer only happen in specific tissues? (here, in retinal cells)

· turns out that Rb gene is expressed everywhere and does the same thing in every cell; still a mystery why only some cell types are predisposed and not others

Isochromosome 17q

· instead of one short arm (17p) and one long (17q), there are two 17q’s

· lost all genes on 17p, one of which was a tumor suppressor gene ( turned out to be p53. Mutations in p53 lead to many different types of cancers

p53 Mutation

· known causes of p53 mutation include sunlight, aflatoxin, and cigarette smoke

· mutated p53 stimulates cell growth and inhibits cell death

· normal p53 

· inhibits cell growth via transcriptional activation of p21, which inhibits cell cycle transition from G1 to S phase

· transcriptional activation of PUMA, which activates apoptosis 

Oncogenes

DNA Tumor Viruses

· A variety of tumor viruses have been found in nature: 

· Papilloma viruses (cervical cancer, penile cancer, rectal cancer, head and neck cancer)

· Papovaviruses (causes experimental tumors in animals, some debate over whether it causes in human)

· Adenoviruses (causes experimental tumors in animals)

· Herpes viruses (cold sores, mononucleosis, B cell lymphomas)

· all of these tumor viruses are associated with oncogenes

· protein products of oncogenes bind to tumor suppressor genes, make a large contribution to cancers by repressing p53 and RB

Endogenous genes

· Philadelphia chromosome

· Looking at chronic myelogenous leukemia: all patients had abnormal chromosome researchers named “Philadelphia”

· Actually an interchange of the ends of the long arms of chromosome 9 and chromosome 22 ( resulted in new RNA that had 5’ from chromosome 22 gene and ABL oncogene from chromosome 9 ( new lengthened BCR-ABL protein is constitutively active

· Oncogenes are good therapeutic targets because drugs can take away a function but generally can’t activate a gene product that has lost its function

· Gleevec is an ATP mimic that fits into the ATP binding pocket of ABL tyrosine kinase, inhibits phosphorylation of substrate (unknown) ( prevents consequences of constitutively active BCR-ABL (altered cellular adhesion, abnormal proliferation, inhibition of apoptosis)

· In CML, white blood cell count is really high; within 2 weeks of treating with Gleevec, WBC count goes down to normal

APC Pathway (example of tumor suppressor gene / oncogene interaction from clinical correlations)

· (-catenin binds to the promoter of a growth-promoting gene, activating the transcription of that gene

· APC is an inhibitor of (-catenin: recruits a kinase to phosphorylate (-catenin, which targets (-catenin for degradation by the ubiquitin system. This shuts off transcription of the growth-promoting gene

· If APC is mutated and can’t inhibit transcriptional activation of the growth-promoting gene by (-catenin, there will be net cell growth and cancer

· APC = tumor suppressor gene

· If (-catenin is mutated and can’t be phosphorylated (and subsequently degraded), this will also lead to constitutive transcription of the growth-promoting gene and cancer

· (-catenin = oncogene

