The Molecular Biology of Cancer

1. Cancer results from genetic changes that affect the cell cycle.

· Cancer is a disease in which cells escape the control methods that normally regulate cell growth and division.

· The gene regulation systems that go wrong during cancer are the very same systems that play important roles in embryonic development, the immune response, and other biological processes.

· The genes that normally regulate cell growth and division during the cell cycle include genes for growth factors, their receptors, and the intracellular molecules of signaling pathways.

· Mutations altering any of these genes in somatic cells can lead to cancer.

· The agent of such changes can be random spontaneous mutations or environmental influences such as chemical carcinogens, X-rays, or certain viruses.

· In 1911, Peyton Rous discovered a virus that causes cancer in chickens.

· Since then, scientists have recognized a number of tumor viruses that cause cancer in various animals, including humans.

· All tumor viruses transform cells into cancer cells through the integration of viral nucleic acid into host cell DNA.

· Cancer-causing genes, oncogenes, were initially discovered in retroviruses, but close counterparts, proto-oncogenes, have been found in other organisms.

· The products of proto-oncogenes are proteins that stimulate normal cell growth and division and play essential functions in normal cells.

· A proto-oncogene becomes an oncogene following genetic changes that lead to an increase in the proto-oncogene’s protein production or the activity of each protein molecule.

· These genetic changes include movements of DNA within the genome, amplification of the proto-oncogene, and point mutations in the control element of the proto-oncogene.

· Cancer cells frequently have chromosomes that have been broken and rejoined incorrectly.

· This may translocate a fragment to a location near an active promoter or other control element.

· Movement of transposable elements may also place a more active promoter near a proto-oncogene, increasing its expression.

· Amplification increases the number of copies of the proto-oncogene in the cell.

· A point mutation in the promoter or enhancer of a proto-oncogene may increase its expression.

· A point mutation in the coding sequence may lead to translation of a protein that is more active or longer-lived.

· Mutations to tumor-suppressor genes, whose normal products inhibit cell division, also contribute to cancer.

· Any decrease in the normal activity of a tumor-suppressor protein may contribute to cancer.

· Some tumor-suppressor proteins normally repair damaged DNA, preventing the accumulation of cancer-causing mutations.

· Others control the adhesion of cells to each other or to an extracellular matrix, crucial for normal tissues and often absent in cancers.

· Still others are components of cell-signaling pathways that inhibit the cell cycle.

2. Oncogene proteins and faulty tumor-suppressor proteins interfere with normal signaling pathways.

· The proteins encoded by many proto-oncogenes and tumor-suppressor genes are components of cell-signaling pathways.

· Mutations in the products of two key genes, the ras proto-oncogene, and the p53 tumor suppressor gene occur in 30% and 50% of human cancers, respectively.

· Both the Ras protein and the p53 protein are components of signal-transduction pathways that convey external signals to the DNA in the cell’s nucleus.

· Ras, the product of the ras gene, is a G protein that relays a growth signal from a growth factor receptor on the plasma membrane to a cascade of protein kinases.

· At the end of the pathway is the synthesis of a protein that stimulates the cell cycle.

· Many ras oncogenes have a point mutation that leads to a hyperactive version of the Ras protein that can issue signals on its own, resulting in excessive cell division.

· The p53 gene, named for its 53,000-dalton protein product, is often called the “guardian angel of the genome.”

· Damage to the cell’s DNA acts as a signal that leads to expression of the p53 gene.

· The p53 protein is a transcription factor for several genes.

· It can activate the p21 gene, which halts the cell cycle.

· It can turn on genes involved in DNA repair.

· When DNA damage is irreparable, the p53 protein can activate “suicide genes” whose protein products cause cell death by apoptosis.

· A mutation that knocks out the p53 gene can lead to excessive cell growth and cancer.

3. Multiple mutations underlie the development of cancer.

· More than one somatic mutation is generally needed to produce the changes characteristic of a full-fledged cancer cell.

· If cancer results from an accumulation of mutations, and if mutations occur throughout life, then the longer we live, the more likely we are to develop cancer.

· Colorectal cancer, with 135,000 new cases and 60,000 deaths in the United States each year, illustrates a multistep cancer path.

· The first sign is often a polyp, a small benign growth in the colon lining.

· The cells of the polyp look normal but divide unusually frequently.

· Through gradual accumulation of mutations that activate oncogenes and knock out tumor-suppressor genes, the polyp can develop into a malignant tumor.

· About a half dozen DNA changes must occur for a cell to become fully cancerous.

· These usually include the appearance of at least one active oncogene and the mutation or loss of several tumor-suppressor genes.

· Since mutant tumor-suppressor alleles are usually recessive, mutations must knock out both alleles.

· Most oncogenes behave as dominant alleles and require only one mutation.

· In many malignant tumors, the gene for telomerase is activated, removing a natural limit on the number of times the cell can divide.

· Viruses, especially retroviruses, play a role in about 15% of human cancer cases worldwide.

· These include some types of leukemia, liver cancer, and cancer of the cervix.

· Viruses promote cancer development by integrating their DNA into that of infected cells.

· By this process, a retrovirus may donate an oncogene to the cell.

· Alternatively, insertion of viral DNA may disrupt a tumor-suppressor gene or convert a proto-oncogene to an oncogene.

· Some viruses produce proteins that inactivate p53 and other tumor-suppressor proteins, making the cell more prone to becoming cancerous.

· The fact that multiple genetic changes are required to produce a cancer cell helps explain the predispositions to cancer that run in some families.

· An individual inheriting an oncogene or a mutant allele of a tumor-suppressor gene will be one step closer to accumulating the necessary mutations for cancer to develop.

· Geneticists are devoting much effort to finding inherited cancer alleles so that predisposition to certain cancers can be detected early in life.

· About 15% of colorectal cancers involve inherited mutations, especially to DNA repair genes or to the tumor-suppressor gene adenomatous polyposis coli, or APC.

· Normal functions of the APC gene include regulation of cell migration and adhesion.

· Even in patients with no family history of the disease, APC is mutated in about 60% of colorectal cancers.

· Between 5–10% of breast cancer cases show an inherited predisposition.

· This is the second most common type of cancer in the United States, striking more than 180,000 women annually and leading to 40,000 annual deaths.

· Mutations to one of two tumor-suppressor genes, BRCA1 and BRCA2, increase the risk of breast and ovarian cancer.

· A woman who inherits one mutant BRCA1 allele has a 60% probability of developing breast cancer before age 50 (versus a 2% probability in an individual with two normal alleles).

· BRCA1 and BRCA2 are considered tumor-suppressor genes because their wild-type alleles protect against breast cancer and because their mutant alleles are recessive.

· Recent evidence suggests that the BRCA2 protein is directly involved in repairing breaks that occur in both strands of DNA.

