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Sustaining proliferative signaling

• Growth signaling in normal cells is a highly regulated process where in

proliferative signals are activated whenever necessary and deactivated

when no longer necessary; this tight regulation ensures cell

homeostasis. However, in cancer cells this regulation is compromised.



Sustaining proliferative signaling

• Increasing growth factor production;

• Stimulating normal cells in the microenvironment to provide cancer cells 

with growth factors;

• Increasing the number of receptors on the cell surface;

• Structurally altering receptors to facilitate cancer cell signaling;

• Activating proteins in the downstream signaling pathway.



Sustaining proliferative signaling

• Cancer cells to disrupt negative feedback loops - dampen a signaling pathway 

whenever a mitogenic signal is hyperactivated. ex: RAS oncoprotein and PTEN.

• Oncogenic activity of RAS is not the result of overactive RAS signaling but rather the 

disruption of normal negative feedback mechanisms operated by the oncogenic 

GTPase. 

• Loss-of-function mutations in Phosphatase and TENsin homolog (PTEN), which 

amplify phosphatidylinositol 3-kinase (PI3K) signaling.



• Key Signaling pathways:

– Ras Pathway; 

– MAPK Signaling;

– PTEN Pathway;

– PI3K Pathway;

– mTOR Pathway; 

– AKT Signaling;

– Cyclins and Cell Cycle Regulation;

Sustaining proliferative signaling



2 - Bardeesy N, Sharpless NE. RAS unplugged: negative feedback and oncogene-induced senescence. Cancer Cell. 2006;10.



Oncogene activation of the ERK MAPK cascade



Mitogen-activated protein kinases - MAPk

• CMGC (CDK/MAPK/GSK3/CLK) kinase group. 

• Cyclin-dependent kinases (CDKs).

• Involved in directing cellular responses to a diverse array of stimuli, such 

as mitogens, osmotic stress, heat shockand proinflammatory cytokines. 

• Regulate proliferation, gene expression, differentiation, mitosis, cell survival, 

and apoptosis - among many others.





Targeting PI3K/Akt/mTOR signaling:
The shutdown of cell survival signaling

• Activation of the PI3K/Akt/mTOR signaling 
pathway regulates1:

• Cell growth

• Cell proliferation

• Cell survival



PI3K/Akt/mTOR signaling



PI3K/Akt/mTOR signaling



Phosphatase and tensin homolog (PTEN) 

• Mutations of this gene are a step in the development of many cancers.

• Tumor suppressor gene through the action of its phosphatase protein 

product. 

• This phosphatase is involved in the regulation of the cell cycle, preventing 

cells from growing and dividing too rapidly.

• It is one of the targets of an oncomiR, MIRN21.

• This gene was identified as a tumor suppressor that is mutated in a large 

number of cancers at high frequency. 

• PIP3 – PIP2 in cells and functions as a tumor suppressor by negatively 

regulating Akt/PKB signaling pathway.



PTEN



PTEN



Cell Cycle Regulation:
cyclins and cell cycle checkpoints



Translational medicine:
Personalized cancer medicine



Model: Epidermal growh factor (EGF) 
family

• Regulate cell proliferation, migration and 
differentiation via tyrosine kinase receptors on target 
cells. 

• The EGF receptor has a cytoplasmic tyrosine kinase 
domain, a transmembrane domain and an 
extracellular domain that binds to EGF. 

• Ligand binding to the EGF receptor results in its 
dimerization, autophosphorylation and activation. 

• Once activated, the EGF receptor transmits 
intracellular signals via the phosphorylation of several 
proteins.



Model: Epidermal growh factor (EGF) family



EGFR/ HER1 
in cancer:







EGFR Inhibitors





Inhibitor the invasive potential of head and neck cutaneous squamous cell carcinoma 
cells by targeting EGFR expression and epithelial-to-mesenchymal transition







HER2 / c – erb2



HER2 / c – erb2: Breast cancer



HER2 / c – erb2: Breast cancer



HER2 / c – erb2
• How is HER2 measured?

• Fluorescence in situ hybridization (FISH), which detects gene amplification by 

measuring the number of copies of the HER2 gene in the nuclei of tumor cells

• Immunohistochemistry (IHC), which measures the number of HER2 receptors on 

the cell surface and therefore detects receptor overexpression

• Other methods of HER2 testing have been used increasingly in clinical studies and 

may eventually be incorporated into routine practice. These include:

• Chromogenic in situ hybridization (CISH), which measures gene amplification using 

a light microscope rather than a fluorescent microscope, which is required for FISH

• Reverse-transcriptase polymerase chain reaction (RT-PCR), which 

detects HER2 gene amplification




