
Cell cycle control and cancer      
 Warm Up: 

 
Challenge: If the length of a 
single DNA molecule is 100,000 
X the length of a cell, how long 
would that be? 

 



Chromosome assembly 

Supercoiling:   Process through which chromosomes 
condense during Prophase;  mediated by interactions with 
histone-proteins. 



The Cell Cycle and the Life of a Cell 

	  	  	  	  	  	  	  	  	  	  Not	  all	  cells	  divide	  
at	   the	   same	   rates.	  	  	  
C e l l s 	   p e r f o r m	  
specialized	   functions	  
depending	   on	   where	  
in	   the	   body	   they	  
r e s i de	   and	   wha t	  
tissues	  they	  form.	  

	  

DIFFERENTIATiON	  



Cyclins:  Regulators of the cell 
cycle—discovered by chance! 

First	  3	  divisions	  of	  a	  sea	  urchin	  embryo.	  



Figure 1  
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What we 
know 
now: 



Protein factors called “cyclins” regulate the cell 
cycle to promote correct cell division 

 
 

G1/S Check point 
G2/M Check point 
M checkpoint during metaphase of mitosis 
 

 



Cancer 



Protein factors signal to cells to 
regulate the cell cycle 

 
 

G1/S Check point 
G2/M Check point 
M checkpoint during metaphase of mitosis 
 

 



Chemical Signals tell a cell when to start 
and stop dividing.      

(Target cells animation: click on go 
sign) 



Contact Inhibition:  neighboring cells stop 
dividing when the touch each other 



Cancer is a disease of the cell cycle.  Cancer cells 
divide uncontrollably and tumors form.   

Cancer cells DON’T REST!!  Cancer cells are 
locked in the “M” phase of the cell cycle. 



DNA mutations disrupt the cell cycle. 

   Mutations may be 
caused by: 

 
    1. radiation 
    2. smoking 
    3. pollutants 
    4. chemicals   
    5. viruses 
     
      
 



Normal cells detect mutations at the CHECK 
POINTS and eliminate the damaged cell.    

	  
	  
	  



Cancer cells bypass the checkpoints and 
continue to divide. 

Damaged cells can continue to accumulate mutations leading to 
an increase in the aggressiveness of a cancer. 







DNA mutations cause cancer cells to ignore the 
chemical signals that start and stop the cell cycle. 

2 animations of cancer cells dividing: click on picture  



DNA mutations block the ability of cancer cells to 
communicate with neighboring cells. Cells continue to grow 
and form tumors. 

	  

(cancer cells dividing: click on 
picture.) 

   Skin cancer 



Benign vs. Malignant 

§ Some tumors 
form and remain 
at the site where 
they formed 

§ Other tumors acquire the 
ability to MOVE (Metastasis 
= movement of tumor cells 
from original site to a 
secondary site). 
§ Sometimes this is because a 
tumor is so large that it 
invades neighboring vessels 
§ Or the tumor is simply 
growing too fast too treat. 



Mitotic Index can provide a marker 
of tumor malignancy. 



Onion Tissue Mitosis 



Why are standard cancer 
treatments so toxic to the patient? 



Treating Cancers 
Radiation and chemotherapy target cells 

that are rapidly and actively dividing. 
 



http://www.cbsnews.com/videos/are-fruit-
flies-the-key-in-the-fight-against-cancer/ 

New Frontier for Cancer 
Treatment:  Personalized 
medicine 



http://sciencefriday.com/segment/
02/12/2010/the-immortal-life-of-henrietta-
lacks.html 



SUMMARY 
Normal Cell Division 

 
1.  DNA is replicated 

properly. 
2.  Chemical signals start 

and stop the cell cycle. 
3.  Cells communicate with 

each other  so they don’t 
become overcrowded. 

Cancer Cells 

1.  Mutations occur in the 
DNA when it is 
replicated. 

2.  Chemical signals that 
start and stop the cell 
cycle are ignored. 

3.  Cells do not communicate 
with each other and 
tumors form. 


