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Maintenance of homeostasis

Adult human maintains ~1015 cells

Stem cells undergo ~1012 divisions per 
day

There is a balance between cell birth 
and cell death

Random mutations disrupt homeostasis



Molecular basis for cancer 
progression

DNA damage

Failure to repair damage

Failure to destroy cells with DNA damage

Mutation

Selection advantage



Example of DNA damage

From Bertram, Molecular Aspects of Medicine 21, 2001, 161-223



List of carcinogens

Chemical

Asbestos

Arsenic

Chromium

Polyaromatic 

hydocarbons

dichlorodiphenyl-

trichloroethane (DDT)

Physical

Gamma radiation

UV light

Radon

X-rays

Viruses*



http://www.eur.nl/fgg/ch1/gen_research/dbr-man.html



Hereditary form of colon 
cancer
Case 1: 

Beth M.'s father died of colon cancer, as did her grandmother. Now
two of her brothers, both in their 40's, have been diagnosed with colon
cancer. Beth, age 37, feels a curse is hanging over her family and is 
worried about her future and that of her children.

Case 2:
Paul C. was 35 when his doctor told him the grim news: he had
advanced colon cancer. As far as he knew, Paul had no family history
of the disease. But after checking, Paul learned that several aunts
and uncles had died of colon cancer at an  early age.

Diagnosis: hereditary nonpolyposis colorectal cancer (HNPCC) 
Frequency: 1 in 6 colorectal cancer cases
Cause of the disease: hMLH1 or hMSH2 mutations. Genes responsible for DNA 

mismatch repair



From Bertram, Molecular Aspects of Medicine 21, 2001, 161-223



http://www.hhmi.org/communic/annrep/research/regulate.htm



Viruses and cancer

Viruses account for 15% of all cancers

DNA viruses
◼ Epstein-Barr virus

◼ Human papilloma virus

◼ Hepatitis B virus

RNA viruses
◼ HIV-1

◼ HTLV-1

◼ HTLV-2
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Adapted from Bertram, Molecular Aspects of Medicine 21, 2001, 161-223



DNA Amplification



DNA Methylation and 
Demethylation-ways to control 
expression of genes



Point mutation activation of Ras



v-srcc-src
proto-oncogene oncogene

Viral oncogenes paved the way



v-srcc-src
proto-oncogene oncogene

Viral oncogenes paved the way

The concept:
-Viruses kidnap a normal proto-oncogene
-During the “kidnapping”, 
the mutated proto-oncogene became an oncogene
-A new viral infection inserted an oncogene into the 
recipient, leading to cancer 



The Philadelphia Chromosome



BCR-ABL translocation and 
expression

http://www.kent.k12.wa.us/staff/vhoward/apbio/oncogenes/brc-ablcartoon.gif



STI-571--an inhibitor of BCR-
ABL function

http://www.blc.arizona.edu/courses/181gh/Lectures_WJG.01/cell_signaling.01/Applications.html



How are oncogenes activated?

Point mutation-Eg. K-ras, 

Amplification-Eg. N-myc, MDM2, 
Her2/neu/ErbB2

Chromosome translocation-Eg. bcr-abl

Overexpression due to DNA 
demethylation



Thank you!
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