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	Recall
· Cell reproduction refers to the creation of new cells (in unicellular and multicellular organisms) or individuals (in unicellular organisms) through cell division.
· Cell division is the process in which a cell divides into new cells.
· In the cell cycle:
· The G1 checkpoint checks the size, energy, and DNA of the cell.
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· The G2 checkpoint checks to see if DNA is damaged and if it has been replicated properly.
· The M checkpoint checks to see if the chromosomes are attached to the spindle fibres. 
What is cancer?
· Cancer is a large group of diseases that occur when normal cells undergo a series of mutations that cause them to grow uncontrollably and spread to other parts of the body.
· Although cancers vary greatly and these mutations are different for each type of cancer, they usually follow a common multistep progression: most cancers begin as an abnormal cell growth that is benign (meaning that it is not cancerous) and usually does not grow larger. However, additional mutations may occur, causing the abnormal cells to fail to respond to the inhibiting signals that control the cell cycle. When this occurs, the growth becomes malignant (meaning that it is cancerous and possesses the ability to spread).
· [bookmark: _Int_PORDTU9r]Tumors are often characterized by how differentiated they are. Differentiated cells are specialized cells that have specific structures and functions. For example: neurons and muscle cells. Undifferentiated cells are more primitive, do not have a specific function, and do not resemble normal cells. More undifferentiated cells are usually associated with more aggressive tumours.
· In Canada, the three deadliest forms of cancer are lung cancer, colorectal cancer, and breast cancer.
What causes cancer?
· Carcinogenesis (carcin- meaning cancer, -genesis meaning formation of) refers to the formation of cancer.
· [bookmark: _Int_NH806p95]Cancer can begin in two main ways: with the loss of tumour suppressor gene activity and/or the gain of oncogene activity. Both tumor suppressor gene inactivity and oncogene activity can arise from point mutations resulting in abnormal cell growth.
· Tumour suppressor genes code for proteins that usually act as brakes on cell division, especially when it begins to occur abnormally. However, if they mutate, they can stop making the proteins that your body needs to stop cell growth. Example: BRCA1 and BRCA2 play a critical role in DNA repair. Mutations in the BRCA1 or BRCA2 gene, resulting in increased growth of cells with damaged DNA, increases the risk of inheriting breast and ovarian cancer as well as the risk of other cancers including pancreatic, prostate and male breast cancers.
· Proto-oncogenes (proto- meaning first or precursor, onc- meaning tumour or mass) encode proteins that function to stimulate cell division, inhibit cell differentiation, and halt cell death. These are usually turned off in fully differentiated nondividing cells. However, when proto-oncogenes mutate, they become oncogenes – a mutated version of proto-oncogenes that are active all the time and typically exhibit increased production of these proteins, leading to increased cell division, decreased cell differentiation, and halting cell death. Example: RAS is a family of proteins that are involved in transmitting signals within a cell. A mutation of a RAS protein can cause overactive signaling, resulting in increased cell growth and division.
[image: ](image source: https://animalia-life.club)
Characteristics of Cancer Cells
· Cancer cells are genetically unstable – tumour cells undergo multiple mutations and also tend to have chromosomal changes and rearrangements. These mutations compound every time the cell divides.
· Cancer cells do not correctly regulate the cell cycle – cancer cells continue to cycle through the cell cycle because the normal controls of the cell cycle do not function properly to stop the cycle and allow the cells to differentiate. As a result, cancer cells tend to be nonspecialized. Both the rate of cell division and the number of cells increase.
· Cancer cells escape the signals for cell death – normal cell signals for apoptosis (meaning programmed cell death) do not occur or are ignored.
· Normally, a damaged cell will initiate apoptosis. However, cancer cells do not respond to internal signals to die and continue to divide even with genetic damage. 
· Cells from the immune system will also try to induce apoptosis in cancer cells when they detect abnormality, but cancer cells will also ignore these signals.
· Most normal cells will also have a built-in number of times they can divide before they die. One of the reasons normal cells stop entering the cell cycle is that the telomeres become shortened. Telomeres are sequences at the ends of chromosomes that keep them from fusing with each other. With each cell division, the telomeres shorten, eventually becoming short enough to signal apoptosis. Cancer cells turn on the gene that encodes the enzyme telomerase, which is capable of rebuilding and lengthening the telomeres. Cancer cells are therefore “immortal” because they can enter the cell cycle repeatedly.
· Cancer cells can survive and proliferate elsewhere in the body – cancer cells can travel through blood and lymphatic vessels and result in metastasis (meaning invasion of new tissues). As a tumour grows, it must increase its blood supply by creating new blood vessels through a process called angiogenesis (angio- meaning blood vessel, -genesis meaning formation).
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