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Figure 2.1. The cell cycle. When a cell is not synthesizing DNA (S phase) or completing mitosis (M phase), it is commonly termed as being a G (gap) phase. Normal cells are capable of resting in a nondividing state, called G0. They can begin one or more cycles of cell division when there is a need to maintain or replace tissue, and they stop dividing when the necessary growth is complete. In G1, protein and RNA synthesis are active. If conditions are permissive for subsequent cell division, cells pass through the R (restriction) point and quickly move into the S (synthetic) period when new DNA is synthesized. Another gap (G2) follows when the newly duplicated chromosomes condense. In the M period, the chromosomes divide into two sets, the cell forms two nuclei, and then divides into two daughter cells. When normal cells differentiate, typically with a gain in the properties required for organ or tissue functions, they generally lose the capacity to continue cell division.

Figure 2.2. Cyclin-dependent kinase regulation of cell cycle transitions. A. The phases of the cell division cycle are shown. Transition from one phase to the next requires transit of a checkpoint, like the restriction point (R), during the G0/G1 to S phase transition. Transit of the checkpoint is mediated by activation of cyclin-dependent kinases. The timing of activation of individual CDKs during the cell cycle is shown. Activation of cyclin D/CDK4,6 is coincident with phosphorylation of the retinoblastoma tumor suppressor protein (Rb) and transit of the R checkpoint. B. The activity of CDKs are controlled at several levels: (1) synthesis of cyclins occurs at specific times during the cell cycle or in response to certain growth factors; (2) degradation of cyclins occurs at specific times during the cell cycle and is mediated by ubiquitin-dependent proteolysis; (3) the cyclin subunit must complex with the catalytic CDK subunit; (4) the assembled complex requires phosphorylation by CAK to reach maximum specific activity; (5) the assembled complex is inactivated by phosphorylation on specific residues in the ATP binding site of the enzyme (5b) and can be reactivated by dephosphorylation of these residues by Cdc25 (5a); (6) CKIs can inhibit assembly of the cyclin/CDK complex (6a) or the activation of the assembled complex (6b). 
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Figure 2.3. The Rb and p53 growth control pathways. Underphosphorylated and active Rb in complex with transcription factors like E2F represses the transcription of genes required for entry into S phase. Upon mitogenic stimulation, synthesis of cyclin D increases cyclin D/CDK4,6 activity. Activation of cyclin D/CDK4,6 can be blocked by increasing levels of the p16INK4a CKI. Cyclin D/CDK4,6 can phosphorylate Rb on specific residues, relieving transcriptional repression of S phase genes, including cyclin E. Increasing cyclin E/CDK2 activity can directly promote entry into S phase, as well as increase the level of Rb phosphorylation. Hyperphosphorylated Rb undergoes a conformational change that releases the transcription factors, allowing these factors to further increase the levels of S phase gene expression. DNA damage activates p53 by post-translational mechanisms. This activation is in part mediated by phosphorylation of p53 by ATM, which is itself activated by DNA damage. Activated p53 acts as a transcription factor to modulate the expression of genes involved in apoptosis and the cell cycle, including the CKI p21CIP1. The p21CIP1 protein prevents activation of cyclin E/CDK2, thus blocking entry into S phase. 
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Table 2.1. Growth Parameters of Human Neoplasm and Normal Tissues
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