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The role of Cdk-cycle at the G1 checkpoint is to activate the enzymes 
for DNA synthesis.  It does this by phosphorylating RB which lets go of 
E2F which in turn turns on the genes for DNA synthesis.

When DNA is damaged, the gene p53 is activated.   P53 creates a 
transcription factor protein that turns on the gene that makes p21.  P21 
inhibits cyclin from binding with the Cdk complex and therefore the Rb
cannot be phosphorylated.

Now, what happens if if p53 is mutated?  No p21, no inhibition, Cell 
moves forward and synthesis DNA even if there is damage è NO 
BRAKES!!
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STEPS:
An example of inhibitory control:
1. DNA is damaged by some mutagen during G1
2. This inhibits the activity of CDK-cyclin complexes
3. The protein responsible for this inhibition is named p53 (and the gene 
that encodes it, p53); it senses mismatches in the DNA strand.
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4. In the presence of such mismatches, p53 protein activates another protein 
named p21 (encoded by a gene named p21).
5. When p21 is present in high concentration, it binds to CDK-cyclin
complexes in the cell, inhibiting their kinase activity and preventing 
phosphorylation of proteins.
6. Without proper protein phosphorylation, the cell cycle cannot continue until 
DNA mismatches have been repaired.
7. Inhibitory processes are reversed once the DNA mismatches are repaired, 
as p53 levels drop in response to lowered levels of DNA mismatches.
8. As p53 levels drop, the binding capacity of p21 also drops.
9. As p21 levels drop, these proteins diffuse off the cyclin-CDK proteins, which 
then can resume their normal activity.

See:  http://www.nature.com/onc/journal/v18/n53/abs/1203015a.html
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Signal à Transfer the signal = signal transduction/ receive the signal 
à Amplify (make louder à Cause Response
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Sound not good, try the swf
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Insulin like growth factor
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Macrophages and Natural Killer Cells

http://doctor-jones.co.uk/Immunology/Tutorial/NK%20Cells.htm

Many viruses inhibit the production or expression of the MHC-I 
molecule. This is entirely logical as the killing of the virus by cytotoxic T-
cells depends upon the MHC-I molecule presenting viral antigen. One 
example of this is the adenovirus E3 that produces a glycoprotein that 
sequesters MHC-I molecules in the endoplasmic reticulum and thus 
prevents their expression on the cell surface. This is where NK cells 
function. In the absence of the MHC molecule, there is no signal to 
override that of the NKR-P1 molecule and hence the killing action of the 
NK cell is activated and the cell not expressing MHC-I will be killed. It is 
possible that NK cells act against tumour cells in the same way, by 
inducing killing in response to the down-regulation of MHC molecules.

Natural killer cells (or NK cells) are a type of cytotoxic lymphocyte 
critical to the innate immune system. The role NK cells play is 
analogous to that of cytotoxic T cells in the vertebrate adaptive immune 
response. NK cells provide rapid responses to virally infected cells and 
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respond to tumor formation, acting at around 3 days after infection. Typically 
immune cells detect MHC presented on infected cell surfaces, triggering 
cytokine release causing lysis or apoptosis. NK cells are unique, however, as 
they have the ability to recognize stressed cells in the absence of antibodies 
and MHC, allowing for a much faster immune reaction. They were named 
“natural killers” because of the initial notion that they do not require activation 
in order to kill cells that are missing “self” markers of major histocompatibility 
complex (MHC) class 1 .

Cytolytic Granule Mediated Cell Apoptosis

NK cells are cytotoxic; small granules in their cytoplasm contain proteins such 
as perforin and proteases known as granzymes. Upon release in close 
proximity to a cell slated for killing, perforin forms pores in the cell membrane 
of the target cell, creating an aqueous channel through which the granzymes
and associated molecules can enter, inducing either apoptosis or osmotic cell 
lysis. The distinction between apoptosis and cell lysis is important in 
immunology: lysing a virus-infected cell could potentially only release the 
virions, whereas apoptosis leads to destruction of the virus inside. αdefensins, 
an antimicrobial is also secreted by NK cells, it directly kills bacteria by 
disrupting their cell walls analogous to neutrophils.[3]
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