
Genetics of Cancer



Cancer

 Cancer is not a single disease - great variety of malignant tumors 
that are formed by the same basic process of uncontrolled 
growth. 

 Many aspects of cell function are controlled by a balance of 
positive and negative signals received from inside and outside the 
cell. In tumor, the balance between cell proliferation and cell 
death is lost.

 Cancer has both genetic and environmental causes.



 Nearly all cancers are caused by abnormalities in the 
genetic material of the transformed cell. 

 In order for a normal cell to transform into a cancer cell   ,
genes which regulate cell growth and differentiation must 
be altered. When normal regulation is altered, uncontrolled 
growth is initiated and a malignant tumor develop.

The Genetic Nature of Cancer



Causes of cancer

 Carcinogens, such as tobacco smoke, radiation, 
chemicals, or infectious agents (Viruses are involved 
in cancers) .

 Randomly acquired through errors in DNA 
replication or

 Inherited and thus present in all cells from birth. 



There are two basic kinds of genetic mutations

 Germline mutations are mutations that are inherited (usually 
require second somatic mutation), also called familial (occurring 
in families) cancer.

 Sporadic cancer or somatic mutation. Most cancers are caused 
by a series of mutations that develop during a person's lifetime 
called acquired mutations. These mutations are not in every cell 
of the body and are not passed from parent to child.  



Microscopic Appearance of Cancer Cells





Genes That play a Role in Cancer

 Oncogenes

 Tumor suppressor genes

 DNA repair genes. These are genes that fix any mistakes made 

when DNA is replicated (copied). Mistakes that aren't fixed become 

mutations, which may eventually lead to cancer.



The two types have opposite effects in carcinogenesis. 

tumor facilitate malignant transformation, whereas Oncogenes

, block tumor development by regulating genes suppressor genes

involved in cell growth.





Proto-oncogene

 proto-oncogene is a normal 
gene that can become an 
oncogene due to mutations 
or increased expression

 Proto-oncogenes code for 
proteins that help to 
regulate cell growth and 
differentiation

 often involved in signal 
transduction and execution 
of mitogenic signals

e.g. myc ,abl, ras



Activation of Proto-oncogene



Tumor Suppressor Genes

Tumor suppressor gene or anti 
oncogene: In contrast to 
oncogene, tumor suppressor 
genes are  normal genes 
implicated in the control of cell 
cycle, repair DNA mistakes, and 
tell cells when to die (apoptosis or 
programmed cell death). 

When tumor suppressor genes don’t 
work properly, cells can grow out 
of control, which can lead to 
cancer. 



Types of Tumor Suppressor Genes

 Genes that control cell division : Some tumor suppressor genes 
help control cell growth and reproduction, e.g. retinoblastoma (Rb1)

 Genes that repair DNA:The genes responsible for HNPCC 
(hereditary nonpolyposis colon cancer) are examples of DNA repair 
gene defects. When these genes do not repair the errors in DNA, 
HNPCC can result. 

 Cell "suicide" genes   : If there is too much damage to a cell’s DNA 
to be fixed by the DNA repair genes, the p53 tumor suppressor gene 
is responsible for destroying the cell by a process sometimes 
described as "cell suicide."



Knudsen’s “two hit” 

hypothesis

 Two mutations are required 

• One in each copy of the RB gene

 For sporadic cases

• Retinoblastoma is a result of two somatic mutations – unilateral form

• 60% pacients, later manifestation (24 months)

 For familial cases 

• Retinoblastoma is inherited as an autosomal recessive mutation

• bilateral/multifocal form

• 40% pacients, earlier development (8 months)

• Followed by a somatic mutation in the normal allele. 

• The chance of a second somatic mutation is high 

• Creates a dominant “susceptibility” to cancer in the family



retinoblastoma

 Retinoblastoma (RB) is a malignant tumor of the developing 
retina of children, usually before the age of five years.

 mutation in the gene RB1 located on chromosome 13 

 The gene is about 180 kb in length with 27 exons that code 
for a transcript of only 4.7 kb. 

 individual mutations are heterogeneous: 20% are deletions 
larger than 1kb; 30% are small deletions or insertions; 45% 
are point mutations. 



 localisation - 13q14.1-14.2

 27 exons, 

>180kb genomic DNA

 tumor-supressor activity
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Retinoblastoma protein (pRb) - function

•Cell cycle „brake“ – control point for transition from G1 to S phase:

- pRb in active form binds transcription factor E2F

- CyklinD- and CyklinE-dependent kinases phosphorylate and inactivate 

pRb

- inactive pRb releases E2F transcription factors,which stimulate 

expression of cyclins and other genes needed for DNA synthesis and 

transition to S phase



- Described more than 500 mutations

- Spread over whole coding region 

- Different forms of Rb1 inactivation lead to 

different penetration and expressivity and thus to 

various clinical manifestations of disease

- Hereditary vs sporadic form

Molecular genetic analysis of Rb1 gene



Strategy of molecular analysis of RB1 gene 
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methylation analysis of 

promotor region

Finding of sequence alteration 
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Metylation analysis of promotor

 Hypermetylation of CpG islands in promotor region lead 

to repression of transcription – gene silencing 

 In tumour supresor genes (RB1, BRCA1, p15, p16..) 

hypermetylation of promotors is one of mechanisms of 

oncogenesis



p53

 suppresses progression through the cell cycle in response to DNA 
damage

 initiates apoptosis if the damage to the cell is severe 

 acts as a tumour suppressor

 is a transcription factor, represses transcription of one set of genes 
(several of which are involved in stimulating cell growth) while 
stimulating expression of other genes involved in cell cycle control

 Determines if a cell has repaired DNA damage

 If damage cannot be repaired, p53 can induce apoptosis

 More that 50% of human cancers involve an abnormal p53 gene



Inherited Abnormalities of Tumor Suppressor Genes - in 
several cancers that tend to run in families. 

 p53, RB1, genes involved in HNPCC

 APC gene causes familial polyposis – colon polyps

 BRCA - breast cancers.  

Non-inherited mutations of tumor suppressor genes   :
Acquired mutations (those which happen during a 
person’s life). 

The p53 gene is believed to be among the most 
frequently mutated genes in human cancer. 




