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Cancer Cells 

•  Cancer, the 1st leading cause of death, is an example of a 
disease that arises from abnormalities in cell function 

•  Gene mutations and changes in gene expression play a 
central role in development of cancer 

•  Investigating the biology of cancer cells has deepened our 
understanding of normal cells 



Cell cycle checking points, part I 

- DNA damage 
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Figure 24-9, Steps 1 and 2 
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Oncogenes and Tumor Suppressor Genes 

•  DNA mutations in cancer originate in 
different ways 

•  However the mutations always affect genes 
that control cell proliferation and survival 

•  There are two main classes: oncogenes and 
tumor suppressor genes 



Inhibition of cell cycle arrest 

•  Akt inhibits cell cycle arrest 
through activation of a monomeric 
G protein called Rheb 

•  This leads to activation of TOR, a 
key regulator of cell growth 

•  The net effect of the PI3-kinase-
Akt signaling pathway is to 
promote cell survival and 
proliferation 

•  Some growth factors inhibit cell 
proliferation, e.g., transforming 
growth factor ββ (TGFβ)  

•  TGFβ binding to its receptor 
phosphorylates Smad proteins that 
move into the nucleus and activate 
expression of genes coding for 
proteins that inhibit proliferation 

•  Two Cdk inibitors that block cell 
cycle progression are p15 and p21 



Figure 24-1 
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Cancer Cells Spread by Invasion and Metastasis 

•  The ability of cancer cells 
to spread depends on two 
different mechanisms 

–  Invasion refers to the direct 
migration and penetration of 
cancer cells into neighboring 
tissues 

–  Metastasis involves ability of 
cancer cells to enter the 
bloodstream and travel to 
distant sites 

–  Blood vessel need! 



Changes in Cell Adhesion, Motility, and Protease Production Allow 
Cancer Cells to Invade Surrounding Tissues and Vessels 

•  The first step in metastasis is the invasion of surrounding tissues and 
vessels 

•  Benign tumors and normal cells remain together where they are formed 
•  Cancer cells are able to leave their original location through several 

mechanisms, the first of which involves loss of cell adhesion 







1.  Normal cells require growth cells to proliferate, but cancer cells escape this requirement 
2.  Normal tissues are protected from overproliferation by a variety of inhibitory signals, but cancer cells are 

insensitive to these signals 
3.  Apoptosis is used by normal cells to prevent damaged or defective cells from continuing to divide; apoptosis 

is inhibited or disrupted in cancer cells 
4.  Normal cells have limited replicative potential due to telomere loss; cancer cells contain active telomerase 

(or other mechanisms) to maintain telomeres 
5.  Tumor cells cannot grow beyond a few mm without a blood supply; cancer cells trigger angiogenesis by 

activating genes coding for angiogenesis stimulators and inhibiting genes coding for angiogenesis inhibitors 
6.  Cancer cells lose adhesiveness with neighbors, invade nearby tissues, and eventually metastasize around 

the body via the circulatory system 

What’s hallmarks of Cancer? 



What Causes Cancer? 
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Carcinogen and Carcinogenesis 
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Metabolism: Phase II reaction, NOT 100% in one product 
Example: 

Most ~90% 



Gerald Wogan’s finding 
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Growth Factors and Cell Proliferation 

•  In simple unicellular 
organisms presence of 
nutrients in the 
environment is the primary 
factor determining 
whether cells grow and 
divide 

•  In multicellular organisms 
extracellular signaling 
proteins, growth factors, 
control the rate of cell 
proliferation 

•  Growth factors are called 
mitogens 
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Air pollutant Exhaust Particles is everywhere 
 
•  People walking around in cities are breathing in pollutant exhaust particles        

•  Epidemiology studies: A rise in particle in ambient urban air correlates to increasing 
incidence of chronic lung and cardiovascular diseases: asthma, atherosclerosis  

•  Acute lung effects: cough or shortness of breath  
 
•  Acute cardiovascular events: myocardial infarction (MI) & thrombus formation can be 

seen within 48 hr 
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DLO2: diffusion capacity 
VO2: rate oxygen been uptaken 
PaO2: partial pressure in artery 
PAO2: partial pressure in alveoli 

δPO2=60 mmHg 

PaO2 decreasing, δPO2 > 60 mmHg ---� low O2 

Eq = to calculate O2 diffusion capacity 






