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SOME  TERMS 

Cell  Growth 

    Proliferation 

    Differentiation 

Hyperplasia 

Neoplasia 

Tumor 

   Benign 

   Malignant 

 



SOME  TERMS 

Carcinoma 

Adenoma 

Sarcoma 

Leukemia, Lymphoma, Myloma 

Blastoma 



Cancerous Cells Are 

Transformed Cells Which 

 

Are not inhibited by contact 

Are not anchorage dependent 

Are immortal 

Are serum independent 



CELL 

CYCLE 



CHECKPOINTS 

 



RESTRICTION  POINTS 

 



Cyclin-dependent  Kinases 

Control  Cell  Cycle  



MECHANISMS  OF CDKs  

ACTIVITY  REGULATION 
 

Regulated  Synthesis 

Controlled  Degradation 

Phosphorylation 

Inhibition 

 



Controlled  Degradation  of  

Cyclin  and  CDK 
 

It Is Achieved by The System of Ubiquitin-

Proteasome which Is for Degradation of 

Short-Life Proteins 

Target Protein Is Ubiquitinated by E1, E2, 

and E3  

Ubiqiutinated-Protein Is degraded in 

Proteasome 

 



 



SIGNAL  TRANSDUCTION 

 



SERPENTINE  RECCEPTOR 

 



RECEPTOR 

ENZYME 

 

Insulin 

Receptor 



 



 



RECEPTORE  WITH  NO  

INTRINSIC  ENZYME  ACTIVITY 

 



SOME  IMPORTANT  GROWTH  

FACTORS 

 

Epidermal Growth Factor (EGF) 

Fibroblast Growth Factor (FGF) 

Platelet-Derived Growth Factor (PDGF) 

Neural Growth Factor (NGF) 

 



CANCER-RELATED  GENES 

 

Tumor  suppressor  Genes 

 

Proto-Oncogenes 



TUMOR  SUPPRESSOR  GENES  

Encoding  Proteins  Which  Inhibits  Cell  

Cycles 

Tumorogenesis  Requires  Mutation  in  Both  

Alleles 

Codes  for  Proteins  Which  Function  in 

  1) Cell Cycle  Regulation,  Such as p53, Rb, & p16/CDKN2    

  2) DNA  Repair, Such as hMSH2, hMLH1, BRCA1 & BRCA2  

  3) Transcription  Factor, Such as WT-1 

  4) Cell  Adhesion, Such as APC   

  5) Signal transduction, Such as PTEN 



Rb 

Is a tumor suppressor protein of 105 kDa 

Mutated Rb was first found in 
retionoblastoma, and then in Osteosarcoma 
and small cell lung cancer  

In resting cell, is Hypophosphorylated and 
binds to E2F which is necessary for cell 
cycle progression 

In the presense of division signal, cyclin D is 
increases which activates CDK4 & CDK6 
which in turn phosphorylate Rb 

Hyperphosphorylated Rb releases E2F which 
results in cell progression 

 

 

 



 



P53  or  TP53 

Is a tumor suppressor protein of 53 kDa 

Increases During DNA Damage 

Control Cell Division by 

   1)  Induction of p21 as inhibitor of cell cycle before 
first restriction point 

   2) Induction of Apoptosis after first restriction point 

In Li-Fraumeni cancer syndrome results from 
mutated p53 

Is Associated with multiple tumors, such as 
Breast, Bone, Lung, Skin,é 

 



BRCA1 & BRCA2 

Are large proteins with 1834 and 3418 

amino acids, respectively  

Are involved in ds-DNA break repair 

Mutated forms are found in breast 

cancer and ovary cancer 

 



hMLH1 & hMSH2 

Are involved in Mismatch repair 

Mutated forms are found in hereditary 

nonpolyposis colon cancer (HNPCC), 

endometrial cancer, and Melanoma 

 



APC (Adenomatous polyposis coli) 

Is as membrane protein 

Its exact fuction is not elucidated, but 

may be involved in axonal development 

or may has a role in promoting 

apoptosis 

Mutated forms are found in colon 

cancer 



DCC (Deleted in Colorectal carcinoma) 

Is a 300 kDa protein 

Its normal function is not known, but it 

interacts with proteins which are 

involved in cell-cell interactions in 

epitelial cell 

Mutated forms are found in hereditary 

colorectal cancer syndromes, 

polypossis and nonpolyposis types 



PTEN 

Functionn as a phosphatase that 

negatively regulates PI 3-K signaling by 

dephosphorylating PIP3 to PIP2 

Mutated forms are found in 

glioblastoma, prostate cancer, and 

breast cancer 



WT1 (Wilms tumor) 

Is a 45 kDa protein that appears to 

function by suppressing the expression 

of growth inducing genes 

Mutated forms are found in Wilms 

tumor 

 



PROTO-ONCOGENES 

Are  Converted  to  Oncogenes  By 

   1)  Promoter  insersion 

    2)  Enhancer  Insertion 

    3)  Gene  Amlification 

    4)  Point  Mutation 

    5)  Chromosomal  Translocation 

Oncogenes  Encode   Proteins  Which    Lead  
to  Tumorogenesis 

Mutation  in  One  of  Two  Alleles  Is  
Sufficient  



 



Oncogen As Growth Factor  

 

Int2/FGF3 codes a growth factor and its 

amplification is seen in esophageal, 

gastric, head and neck cancers  

 

 


