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Gene Regulation and  
Cell Differentiation 

(and stem cells and cancer) 



Cell Differentiation 

terminally 
differentiated 

cells 

some need to be  
replenished often 
• blood cells 
• surface epidermal cells 
• intestinal lining cells 



Differentiated cells are continuously  
Supplied by a stem cell population 

• No limit to number of cell divisions 
• One daughter is always a stem cell 
• Other daughter begins process of 
 differentiation into precursor cell 

Precursor cells can divide 
a limited number of times 
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Hematopoietic cell lineage 

•  http://www.genome.jp/dbget-bin/show_pathway?hsa04640
+2056 
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• Signals make it happen 
(inter-cellular 
and extracellular) 
• Regulatory Proteins achieve 
sequential differentiation 

EPO 



•  drop in O2 levels in any tissue  (ex. high altitude) = hypoxia 
•   activation of HIF1 Transcription Regulator 

•  (hypoxia-inducible factor 1) 
•  HIF1 = α and β subunits, both transcribed and translated “constitutively“ 
•  HIFβ is constitutively active but HIFα is regulated by O2 levels in tissues 

Normal O2 Hypoxia (Low O2) 

HIFα  

HIFα  

HIFα  

dioxygenase 
enzymes OH OH 

OH OH 
degradation 

enzymes 
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Target gene 

HRE 



Increase glycolysis  
(O2-independent energy 
production  

RBC  
production 

HIF1 Target Genes (only those that are known) 



•  EPO (erythropoietin) gene is now transcribed under influence of HIF1 
•  165 a.a. protein hormone that travels through blood stream 

in bone marrow some cells have  
EPO Receptor Protein  
on their cell surface 
allowing them to be stimulated 
by EPO... 
erythropoiesis yields new RBCs 
within ~ 4 days 

(what genes are ativated?) 

EPO 
receptor 
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• Signals make it happen 
(inter-cellular 
and extracellular) 
• Regulatory Proteins achieve 
sequential differentiation 

EPO 



EPO hormone is recognized and bound by a cell-
surface receptor protein   (EPO receptor) 

erythrocyte progenitor cells 
are induced to proliferate 

EPO receptor 



SFFV (spleen focus-forming virus)  
hijacks the system: 

viral gp55 envelope protein tricks EPO receptor 

erythrocyte progenitor cells 
are induced to proliferate 
even though there is no EPO 

EPO receptor 



Misbehaving cells: cancer 
(when normal controls are 

absent or ignored) 



misbehaving cells: cancer 
1)  uncontrolled proliferation 
2)  invasion of other territories 

benign tumor = (1) alone 
malignant tumor = (1) + (2) 



cancer = genetic disease 1)  consequence of mutations 
2)  somatic cells 



cancer = genetic disease 

1)  consequence of mutations 
2)  somatic cells 
3)  cumulative mutations (~5-7) 



human lifetime 
= 1016 cell divisions 

spontaneous mutation rate 
= between 10-6 and 10-7 

mutations per gene per cell 

in one lifetime: a given gene  
could mutate 109 times!! 

why will most of these not matter? 



Two classes of mutations can cause cancer: 

1) Those that inactivate gene function of a protein that halts  
cell proliferation (or other cancerous  bad behavior) 
  = Tumor Suppressor Genes 
 ex. p53, APC (½ of all cancers have mutant p53) 

2) Those that hyperactivate gene function 
of a protein that promotes cell proliferation 
(or other cancerous  bad behavior) 
= Oncogene 
ex. Ras 


