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Introduction

• Cancer cells are cells that lose their ability to divide in a
controlled way
• Normal cell division is controlled by genes
• Cancers are caused by damage to these genes

• Damage usually happens during lifetime
• Or can occasionally be inherited 

• Cancer is a disease that starts in the genes.



Introduction

• Cancer cells can multiply in absence of growth factors which are normally 
needed for normal cells to multiply
• and are resistant to signals that normally inhibit cell cycle or induce 

apoptosis

• For cancer to grow bigger than pin head, it must grow its own blood vessels 
(angiogenesis)

• Sometimes, cells move away from original (primary site) and spread to other 
local/ regional sites due to secretion of proteases →metastasis 



Introduction

Imbalance of cell growth: abnormal cell homeostasis (cell gain vs cell 
loss via apoptosis)

The genes commonly altered in cancer are either:

1. Proto-oncogenes and oncogenes

2. Tumour suppressor genes 



Proto-oncogenes & Oncogenes

❖Proto-oncogenes are genes that are present in normal cells and their 
products play important role in normal cell differentiation (normal cell 
growth).
• They include growth factors, growth factor receptors, signal transduction proteins,

transcription factors.

• There are normally about 100 types of proto-oncogenes in each human cell which 
participate in the regulation of normal cell growth.

❖Oncogenes are altered proto-oncogenes that encode proteins capable of 
causing cancer.



Mechanisms for conversion of 
proto-oncogenes to oncogenes

1. Point mutation in proto-oncogene

2. Gene amplification & overexpression of its’ protein products

3. Chromosomal translocation

4. Insert mutagenesis (viral carcinogenesis) 



I. Point mutation in proto-oncogene

Point mutations

• This produces changes in the protein product of the gene.

• The Ras oncogene represents the best example of activation by point mutations.

• Ras protein, the product of the Ras proto-oncogene, is a class of G protein that is found in all 
nucleated cells.

• It has an intrinsic GTPase activity.



I. Point mutation in proto-oncogene

• G proteins also known as guanine nucleotide binding proteins.
A family of proteins that act as molecular switches inside cells and are involved in 
transmitting signals from a variety of stimuli outside a cell to its interior.

• When they are bound to GTP, they are ‘on’ → turn on genes involved in 
cell growth/ replication, differentiation, survival

• When they are bound to GDP, they are ‘off’→ inhibit above functions 







I. Point mutation in proto-oncogene

• Point mutation converts this gene into Ras oncogene with reduced 
GTPase activity. 

• Thus, the effect of growth factors acting through G protein continues
after the growth factor dissociates from the receptor.
• This mutation is observed in about 15 of cancers.

• In summary: mutated Ras remains in the active form (Ras GTP complex) 
as this point mutation dramatically reduces the GTPase activity of the 
Ras proteins.
• So mutated Ras acts as a growth promoting signal even in the absence of 

growth factors.







II. Chromosomal Translocations

It can activate proto-oncogenes by:

1. Placing the normal proto-oncogene near the promotor (stimulate 
transcription) of another gene with subsequent overexpression of this 
proto-oncogene.
e.g. c-MYC in lymphoid tumors (Burkitt lymphoma).

• MYC (c-MYC) is a regulator gene that codes for a transcription factor.
The protein encoded by this gene is a multifunctional, nuclear phosphoprotein that 
plays a role in cell cycle progression and apoptosis.



II. Chromosomal Translocations

• In the human genome, MYC is located on chromosome 8 and is believed to 
regulate expression of 15% of all genes.

• MYC activation results in numerous biological effects. 
1. The first to be discovered was its capability to drive cell proliferation 

(upregulates cyclins, downregulates p21).
2. It also plays a very important role in regulating cell growth (upregulates 

ribosomal RNA and proteins), differentiation, and stem cell self renewal.

• Myc is a very strong proto-oncogene, and it is very often found to be 
upregulated in many types of cancers.



II. Chromosomal Translocations

2. Placing normal unaltered genes from two different chromosomes 
to recombine and form hybrid genes that encode growth promoting 
chimeric proteins.
• e.g. Philadelphia chromosome.

• The Philadelphia chromosome or Philadelphia translocation is a 
specific genetic abnormality in chromosome 22 of leukemia cancer 
cells (particularly chronic myelogenous leukemia (CML) cells).



II. Chromosomal Translocations

• This chromosome is defective and unusually short because of 
reciprocal translocation of genetic material between chromosome 9 
and chromosome 22, and contains a fusion gene called BCR-ABL1 
coding for a hybrid protein. 

• A tyrosine kinase signaling protein that is “always on”, causing the 
cell to divide uncontrollably.





III.Gene Amplification

• Such amplification may produce several hundred copies of the proto-oncogene in the 
tumor cell 

e.g. c-erb B2 in breast cancer; also frequently called HER2 (from human epidermal 
growth factor receptor 2 and encoded by ERBB2 gene).

• It encodes a transmembrane protein with tyrosine kinase activity
Tyrosine kinases are important mediators of this signal transduction process, leading to cell proliferation, differentiation,
migration, metabolism.

• The over expression of the ERBB2 gene, occurs in approximately 15-30% of breast cancers. 
It is strongly associated with increased disease recurrence and a poor prognosis.



III.Gene Amplification

• In summary, signaling through the ErbB family of receptors promotes cell 
proliferation and opposes apoptosis, and therefore must be tightly regulated to 
prevent uncontrolled cell growth from occurring.

• Dihydrofolate reductase gene is amplified in cancer patients (acquired methotrexate 
resistance) receiving methotrexate, an inhibitor of the dihydrofolate reductase 
enzyme.





IV. Insertion mutagenesis (viral 
carcinogenesis)

1. Retrovirus transduction:

When a retrovirus infects a cell, its RNA genome synthesizes a 
complementary DNA (cDNA) inside the infected host cell by the viral 
encoded RNA-dependent DNA polymerase (reverse transcriptase).

The viral cDNA then integrates into the genome of the host cell where it 
can be copied as the host genome is duplicated during the process of 
cellular division.



IV. Insertion mutagenesis (viral 
carcinogenesis)

• At the ends of the retroviral genome there are powerful 
transcriptional promotor sequences termed long terminal repeats 
(LTRs).
• The LTRs promote the transcription of the viral DNA leading to the 

production of new virus particles (viral RNA genome)

• Occasionally, the virus carries a portion of host DNA. Subsequent 
infection of a new host by such a virus may introduce new genes 
to the new host
• This process is termed transduction.



IV. Insertion mutagenesis (viral 
carcinogenesis)

• Occasionally this transduction process leads to the virus acquiring 
a gene from the host that is normally involved in cellular growth 
control.

• This gene will be transcribed at a higher rate due to its 
association with the retroviral LTRs → the transduced gene 
stimulates the growth of the infected cell.

• The end result of this process is unrestricted cellular proliferation
leading to tumorigenesis (cancer formation).







IV. Insertion mutagenesis (viral 
carcinogenesis)

2. Retrovirus integration:

• The second mechanism by which viruses can transform cells relates to the
powerful transcription promoting effect of the LTRs.

• When a virus genome integrates into a host genome it does so randomly
• This is called virus integration.

• Sometimes, this integration process leads to the placement of the LTRs close
to a gene that encodes a growth regulating protein.



IV. Insertion mutagenesis (viral 
carcinogenesis)

• If the protein is expressed at an abnormally elevated level it can
result in cancer development.

• A notable example is the integration of hepatitis B virus genome
(DNA virus) into the hepatocyte genome leading to induction of
liver cancer.

• HIV (human immunodeficiency virus) induces certain forms of
cancers in infected individuals by this integration induced
transformation process.



IV. Insertion mutagenesis (viral 
carcinogenesis)

• Unlike retroviruses, genomic integration has no role in HBV replication.

• Integrated viral DNA is found in 85%-90% of HBV-related HCCs
(hepatocellular carcinoma) and its presence in tumors from non-
cirrhotic livers of children or young adults further supports the role of
viral DNA integration in hepatocarcinogenesis.

• A significant feature of chronic HBV infection is that HBV DNA
fragments are integrated into different locations within the host DNA.





Questions:

• The Philadelphia chromosome, commonly associated with 
leukemia, results from a translocation involving which two 
chromosomes?

a) 9 and 10

b) 11 and 22

c) 13 and 14

d) 17 and 18



Questions:

• Which genetic alteration is commonly associated with chronic 
myeloid leukemia (CML)?

a) BCR-ABL fusion gene

b) BRCA1 mutation

c) HER2 amplification

d) HBV integration



Questions:

• What is the primary role of oncogenes in cancer development?

a) Repair damaged DNA

b) Promote cell division and growth

c) Inhibit cell cycle progression

d) Suppress tumor formation
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