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Introduction

Imbalance of cell growth: abnormal cell homeostasis (cell gain vs cell 
loss via apoptosis)

1. Proto-oncogenes and oncogenes

2. Tumour suppressor genes 



Tumor Suppressor Genes

• Physiologic function: regulate normal cell growth.

• Loss of these genes is a key event in many, possibly all, human tumors 
→ named tumor suppressor genes or anti-oncogene.

• They normally participate in the regulation of normal cell growth.



Tumor Suppressor Genes

• Tumor suppressor genes encode various components of a growth inhibitory 
pathway.

• Similar to growth stimulatory pathway, growth inhibitory signals originate 
outside the cell and use receptors, signal transducers, cell cycle regulators and 
nuclear transcription regulators to accomplish their effects.





Tumor Suppressor Genes

Tumor suppressor genes encode proteins that have at least one of the following 
functions:

1. Proteins that slow or inhibit progression through a specific stage of cell cycle e.g. p21 & p16 (CKI)

2. Check-point control proteins that arrest cell cycle if DNA is damaged or chromosomes are abnormal 
e.g. p53

3. Receptors that function to inhibit cell proliferation

4. Proteins that promote apoptosis e.g. protein Bax

5. DNA repair enzymes.



Retinoblastoma (Rb) gene

• This is the first tumor-suppressor gene discovered in human retinoblastoma

• The Rb gene is found on chromosome 13

• Exists in:

• Active → hypo/unphosphorylated form

• Inactive → phosphorylated



Retinoblastoma (Rb) gene

• In its active state, Rb serves as a brake on the advancement of cells from the G1 to the S 
phase of the cell cycle.

• In this state Rb prevents cell cycle advancement by binding to a transcriptional 
factor known as E2F and cells are kept quiescent.





Retinoblastoma (Rb) gene

When the quiescent cells are stimulated by growth factors 
→ the concentrations of certain cellular proteins known as cyclins will be 
increased →

• activation of enzymes known as cyclin dependent kinases (CDK) →
phosphorylation of Rb

• Phosphorylated form of Rb (inactive) releases the E2F transcription 
factors

• Released E2F proteins then activates the transcription of several other 
genes, that will stimulate cell replication.







Retinoblastoma (Rb) gene

• Under normal conditions the retinoblastoma protein oscillates between the 
hypo/unphosphorylated (active) and phosphorylated (inactive) forms.

• i.e. there will be a brake followed by an acceleration of the cell cycle.

• If the Rb gene is deleted or mutated→ the molecular brakes on the cell cycle are 
released

• the cell proliferation is uncontrolled, and cancer will result (Rb gene is a 
protective gene against cancer development).

• The main tumors in which inactivation of pRb is an important cause include tumors of 
the retina (retinoblastoma)-a rare childhood tumor of the retina- , lung cancers, 
adenocarcinoma of prostate and tumors of bone and connective tissues.



P53 Gene

• It is the most common target for genetic alteration in human tumors.

• Located on chromosome 17.

• Has been described as the guardian of the genome (the policeman of the cell) 
→ prevents the propagation of genetically damaged cells.

• To lose functions as a tumor suppressor gene, the two alleles of p53 gene on 
the two loci of chromosome 17 must be affected by mutation or deletion.



P53 Gene and Normal Development

• Under physiological conditions, P53 has a very short half life, measured in minutes.

• There is no evidence that this protein is required for normal cell division.

• Transgenic mice (mouse models that have had their genomes altered for the purpose 
of studying gene functions) in which both copies of the gene have been knocked-out 
(i.e. are made inoperative) appear normal in all respects except one- they usually 
develop cancer by the age of 3 months & these observations suggest that p53 may 
serve a function that is required only occasionally or in special circumstances.



Function of p53

• p53 protein is a transcription factor that binds to DNA and 
stimulates the transcription of several genes that mediate:

• Cell cycle arrest: by holding cells at the G1/S transition point in 
case of recognition of DNA damage 

• DNA repair

• Apoptosis: if DNA damage cannot be repaired 



p53 signalling pathway 

• In normal cells, p53 is inactivated by its negative regulator mdm2.

• Upon DNA damage (UV, radiation, chemicals) → dissociation of p53 from mdm2 → activation of 
p53.

• DNA DSBs activate ATM (or ATR) → phosphorylation of p53, thereby preventing it’s degradation by 
MDM2.

• Active p53 will either induce cell cycle arrest to allow repair and survival or apoptosis.

• Activated p53 binds DNA and activates expression of genes encoding for p21 (CDKI).
• P21 is complexed with CDK → cell cannot pass through G1/S checkpoint.





p53 signalling pathway 

• Mutant p53 can no longer bind to DNA in an effective way

• p21 is not made available to act as stop signal for cell division → cells 
divide in an uncontrolled way → cancer

• If DNA damage is irreparable → p53 can initiate apoptosis by activation of 
transcription of BAX.



p53 signalling pathway 

Intrinsic pathway 

• Initiated from within the cell due to severe stress.

• Involves activation of p53 → transcription of bcl-2 pro-apoptotic 
proteins (e.g. Bax (bcl-2 antagonist x) → mitochondrial release of 
cytochrome C → activate caspase enzymes 





P53 & DNA repair

• P53 may directly & indirectly stimulate the DNA repair machinery.

• The link of p53 to the DNA repair machinery: via another gene called 
GADD45 “growth arrest & DNA-damage inducible gene”.

• The GADD45  gene is turned on in cells exposed to stresses that stop cell 
growth & cause DNA damage.



P53 & DNA repair

• The cells' ability to turn GADD45 on depends on the presence of normal 
p53 gene whose protein product stimulates production of the GADD45 
protein (as for p21).

• GADD45 complexes with proliferating cell nuclear antigen (PCNA) 
which is a cofactor of DNA polymerase delta.

• DNA polymerase delta is an enzyme complex found 
in eukaryotes that is involved in DNA replication and repair.



P53 & DNA repair

• PCNA protein is known to have 2 functions

1. It is a necessary component of the machinery that copies (replicate) 
DNA so that cell division can take place.

2. It is also needed for the resynthesis of DNA after damaged portions 
are removed by the cells nucleotide excision repair system which 
remedies damage caused by environmental insults





BRCA-1 and BRCA-2 genes

• Breast cancer gene-1 (BRCA-1), located on chromosome 17, and Breast cancer gene-2 
(BRCA-2) located on chromosome 13, are two tumor suppressor genes that are 
associated with the occurrence of breast and several other cancers.

• BRCA2 and BRCA1 are normally expressed in the cells of breast and other tissue, 
where they help repair damaged DNA or destroy cells if DNA cannot be repaired.

• Mutations in BRCA genes → predispose to errors in DNA replications, thus leading 
to mutations in other genes that directly affect cell cycle and cell growth.





Li–Fraumeni syndrome

• Is a rare, autosomal dominant, hereditary disorder that predisposes carriers to cancer development

• The syndrome is linked to mutations of the p53 tumor suppressor gene

• Li–Fraumeni syndrome is characterized by early onset of cancer, a wide variety of types of cancers

• The classical LFS malignancies: sarcoma, cancers of the breast, brain, and adrenal glands—comprise 
about 80% of all cancers that occur in this syndrome



Genes that regulate DNA repair

• DNA susceptible to  alterations resulting from errors that occur spontaneously during DNA replication

• Such mistakes, if not repaired promptly, can also push the cells to cancer formation.

• HNPCC (hereditary nonpolyposis colon cancer) syndrome results from defects in genes involved in DNA 
mismatch repair.

• DNA mismatch repair (MMR) is a system for recognizing and repairing errors of bases that can arise during 
DNA replication and recombination

→ errors slowly accumulate in several genes, including proto-oncogenes and tumor suppressor genes 
with ultimate production of cancer.



• INK4 Inhibitors are p15, 
p16, p18, and p19, 
specifically inhibits CDK4 
and CDK6 activity

• CIP/KIP Inhibitors are 
consisting of p21, p27, and 
p57, inhibits other cyclin-
CDK complexes



Questions

• What is the significance of mutations in the TP53 gene in cancer, 
and how does it impact cell cycle regulation? 

1. TP53 mutations promote cell cycle progression. 

2. TP53 mutations inhibit cell cycle progression. 

3. TP53 mutations have no impact on cell cycle regulation. 

4. TP53 mutations lead to apoptosis.



Questions

• How do chromosomal abnormalities, such as translocations, 
contribute to the development of cancer?

1. They have no impact on cancer development.

2. They disrupt normal gene function and regulation.

3. Chromosomal abnormalities prevent cell division.

4. Chromosomal abnormalities only occur in non-cancerous 
cells.



Questions

• Can you describe the relationship between cell cycle 
checkpoints and the control of cell proliferation in normal and 
cancer cells?

1. Cell cycle checkpoints are irrelevant to cell proliferation.

2. Cell cycle checkpoints promote uncontrolled cell proliferation 
in cancer cells.

3. Cell cycle checkpoints prevent uncontrolled cell proliferation.

4. Cell cycle checkpoints have no impact on normal cells.
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