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Cancer & Signals 



Hallmarks of Cancer 



Therapy 

AnC‐caner therapy must show differen'al toxicity toward 
tumor cells relaCve to normal cells.  

Some unique properCes of cancer cells not shared by normal 
cells, must be exploited 

In principle, cancer can be treated by inducing cancer cells to 
undergo 
 Apoptosis 
 Necrosis 
 Senescence, or  
 Differen'a'on. 



Strategies 

Disrupt cancer cell‐autonomous processes, by … 
 Interfering with autocrine/ paracrine signaling 
within tumors,  

 Blocking heterotypic signaling between tumor 
cells and the surrounding stromal Cssue or 
blood vessels 

 Enhancing immune surveillance against 
cancer cells expressing novel anCgens 



AddicCons in Cancer 

•  “Oncogene addicCon” (OA) 
•  “Tumor suppressor gene hypersensiCvity 
(TSGH)” 

•  “Non‐oncogene addicCon” (NOA) 



Theories of OA 

•  Oncogene addic'on 

–  Oncogenes elicit strong, opposing prosurvival and proapopto3c signals 
in cancer cells 

–  Acute inhibi3on of oncogenes 3lts this balance toward cell death 
•  To bring about their phenotypic manifestaCons, oncogenes rely on 

extensive adaptaCons in cellular processes that are themselves not 
oncogenic. 

•   In addiCon, cancer cells may also depend on the normal cellular funcCons 
of certain genes that act in oncogenic pathways but are not themselves 
classical oncogenes.  
–  For example, mutaCons in many genes in a given oncogenic pathway are unable to 

directly promote tumor formaCon because, despite being required for their pathway, 
they cannot increase the overall acCvity of the pathway because they are not rate‐
limiCng. 



Non‐Oncogene AddicCon 

•  A reducCon in the acCvity of many non‐
oncogenes in oncogenic pathway can become 
rate‐limiCng to the pathway in quesCon, and 
thus, they represent potenCal drug targets.  
–  By this raConale, cancer cells are addicted to both 
oncogenes and non‐oncogenes.  

•  Non‐oncogene addic'on, NOA: The addicCon of 
cancer cells to the funcCons of nononcogenes. 
– Although NOA genes, like oncogenes, are required for 
maintenance of the tumorigenic state, NOA genes do 
not undergo oncogenic mutaCons or funcConally 
significant genomic alteraCons in tumors. 



The Tumorigenic State 



Drugs 



Contd. 



Contd. 



Targets for Cancer Drug Development 

•  Only a subset of defecCve proteins may be 
effecCve target. 

•  “Small Molecules”… Low molecular weight 
organic compounds. 

•  Inhibit biochemical funcCons of  
–  (i) TSGs (Tumor suppressor genes)/Gate‐keepers 

–  (ii) Repair Genes/ Care‐takers 
–  (iii) Oncogenes/ Developer 



Oncoproteins 

•  HyperacCve oncoproteins have proven to be 
good targets: 

Muta'on  Drug 

AnC‐Erb8  HercepCn 

Tyrosine‐Kinase Inhibitor  ZD1839, 051‐774 

RAS Farnesyl‐Transferase 
Inhinitor (FTI) 

BMS 214622 

RAF Inhibitor  BAY 43‐9006 

MEK Inhibitor  CI1040 

mTOR Inhibitor  RAD 001 



Biochemistry of Proteins 

•  Small Molecules: 
–  (i) Easy to synthesize 
–  (ii) Easy to penetrate into the intersCces of a 
tumor 

•  Target Molecules: 
– Must have strong and specific interacCons with 
small drug molecules 

Protein molecule is considered druggable if it carries 
out an iden3fiable enzyma3c func3on, and a well‐
defined cataly3c cle? for this purpose… 



DRUGGABILITY 

•  TranscripConal Factors 
– Considered highly undruggable as they lack 
catalyCc cleis (Protein‐DNA interacCon) 

•  Ras 
– Druggability is problemaCc. It has a catalyCc 
funcCon (e.g., GTPase funcCon), but it is a 
negaCve regulator of Ras signaling 

– Similar issues with Tyrosine phosphatase which 
reverses the effect of tyrosine kinase 



Druggable targets in protein‐protein 
interacCons 

•  Insert a small molecule between the two 
docking proteins 
– E.g., Cyclin‐Cdk pair 
– MDM‐p53 
– BH3‐BCL2/BCL‐X 
– Β‐catenin‐CBP 



Kinases are alracCve druggable 
targets 

•  As oncoproteins, responsible for driving 
neoplasCc proliferaCon 

•  As enzyme processing proteins, possess 
catalyCc cleis 

•  518 protein coding genes in the human 
genome; out of which 90 encode tyrosine 
kinases 



Two approaches 

•  RaConal Drug Design 
•  High Throughput Screening (HTS) 
– RelaCve effect of the drug on its intended target, 
compared to its off‐target effect… 

– HercepCn 
– Gleevec 
–  Iressa/Tarceva 



Rapamycin 

•  mTOR = mammalian Target of Rapamycin –
regulaCng circuit 
– Rapamycin binds directly to FKBP12; the dimer/
complex associate with mTOR protein 

– mTOR normally phosphorylates two key governers 
of translaCon (p7056 kinase (S6K1) 4EBP1 & S6 
proteins of the small ribosomal units 

– mTOR is also a key upstream acCvator of Akt/PKB 
(regulates apoptosis and proliferaCon) 



mTOR 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