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CANCER 
 
Cell division is a normal process in multicellular 
organisms. Growth an repair take place as a result of 
mitotic cell division. Except for cells like the lever and 
brain cells which rarely divide in the mature adult. 
Some times, however, cell division becomes very rapid 
and uncontrolled, leading to cancer. Cells which 
undergo rapid, abnormal and uncontrolled growth at 
the cost of remaining cells are called neoplastics cells. 
The growths resulting from the division of such cells 
are called neoplastics growths or tumours. Tumours are 
commonly classified as benign and malignant. 
Abnormal and persistent cell division that remains 
localized at the spot of origin results in the so called 
benign tumours eg. Brain Tumours. Tumour cells may 
be carried by the blood stream, or the lymphatic system 
or by direct penetration to the other parts of the body. 
Where they may induce secondary tumours. Such 
invasive cancers ultimately result in the death of the 
organism and are therefore, said to be malignant. 
Cancer cells are characterized by many distinctive 
properties; altered morphology, loss of contact, 
inhibition, high sugar uptake, increased anaerobic 
glycolysis, altered surface topology and changed 
immunological behaviour. It is this change which 
relives the cell of the normal constrance on cellural 
growth and leads to uncontrolled cell division and 
prolifilaration in a response to its own imperative, 
rather than in response to the external stimuli, generally 
required for cellular growth. Global cancer research in 
recent year is focused on identifying and characterizing 
the molecular parameters responsible for this 
fundamental change of the cell. Now we know that 
certain specific genes, cancer-genes, are responsible for 
fundamental change of the cell. These cancer genes, 
more appropriately called oncogenes (from onbos, the 
greek words formas or tumour), are the real driving 
force behind uncontrolled growth of many cancer cells. 
Oncogenes are found in all the cells of our body ,accept 
mammalian red blood cells which lack nuclei, but the 
vast majority of cells never become cancerous because 
they never get activated. In other words, our own cell 
contains genes with the potential to cause cancerous 
transformations. 
 

THE DISCOVERY 
 
The story of oncogenes dates back as early as 1911 
when Francis Papyton Rous discovered a virus which 
causes Sarcoma in chickens. This was followed by 
isolation of numerous cancer-causing viruses from 
various types of tumours. These cancer-causing viruses 
are known as “Retroviruses” because there genetic 
material is not DNA but RNA which is copied into 
DNA by enzyme reverse transcriptace. Around mid – 
1970’s several groups have shown the presence of a 
single cancer-causing gene in the viral genome. 
In 1978, Chiaho Shih of Massachusetts Institute of 
Technology, USA, demonstrated the transmission of 
cancer traits from one mammalian cells to another by 
transfer of DNA molecules from cancer cell. Cells 
transformed by transfer of DNA molecules exhibit 
various characteristics of those tumours which are 
induced by tumour – virus infection and developed 
tumours on inoculation  into mice, transfer of DNA 
molecules from normal cells had no such tumour-
producing effect. These experiments indicated a 
difference the DNA sequences of the tumour cells and 
that of normal cells which was responsible for the 
cancerous behaviour of recipient cells. Similar results 
where obtained in case of  DNA from various other 
types of tumours such as carcinomas of the bladder, 
colone and lung, fibrosarcomas, neuroblastoma and 
leukemias. Having established the genetic basis of 
cancer, next important was to characterize the 
transforming segment of DNA. The classical 
experiments of serial transfer of DNA through various 
cycles of gene resided in a single DNA segments which 
was not lost during repeated extraction and 
coprecipitation steps. With the advent of gene cloning. 
Three different groups ,namely,  Geoffrey M.copper at 
Dana Farber Cancer Institute, USA and Michal Wiglers 
at Coldspring Harber Laboratory, USA simultaneously 
isolated a single transforming DNA segment of potent 
biological activity. It was an oncogene, a cancer gene. 
 
ORIGIN OF ONCOGENE 
 
Oncogene is a slightly altered version of the normal 
gene which is also called a proto-oncogene. Oncogenes 
are almost identical to each other but each functions 
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quite different from one another. Clones of oncogenes 
can transform the cells where those of proto-oncogenes 
cannot. Inclusion of proto-oncogenes in the genome 
indicates there possible role in normal cellular 
metabolism. They are proto-oncogenes and there viral 
acquisition is believed to have occurred due to 
recombinational events between the genome of the 
infecting retrovirus and that of the host cells. These 
viruses in turn transformed the infecting cells. DNA 
sequences of many viral oncogenes have been 
identified and it has been found that the DNA 
sequences homologous to the transforming genes of 
certain retroviruses have been found in normal 
untransformed cells. DNA sequences homologus to the 
transforming genes of virus oncogenes have identified 
in a variety of normal uninfected cells including those 
of man. These cellular counterparts of viral oncogenes 
are known as cellular oncogenes. Tracing the evolution 
one find that structure of cellular oncogenes is 
conserved through out the evolutionary history because 
it is found in species as diverse as fruit-flies, fish, 
mammals including humans and even in yeast. The 
close conservation of cellular gene probably reflects its 
essential role in critical physiological functions in cell 
differentiation or in the regulation of cell division. The 
question then is what makes the gene go wrong and 
produced the uncontrolled cell division seen in cancer 
cells? 
 
Activation of oncogenes 
  What are those factors which activate proto- 
oncogenes to become oncogenic and produce 
uncontrolled cell division and abnormal differentiation 
patterns seen in cancer cells? Some of the possible 
answers are increased production of gene product in 
the life of the cell which in turn makes cell cancerous. 
Large amounts of viral gene products have been shown 
to be made in infected cells.broadly,there are three 
different molecular mechanisms of activation : 
1. Point mutation- Application of genetic engineering 
has made it possible to narrow down the region of 
interest from the whole gene to a relatively small 
fragment. In the case of human bladder carcinoma gene, 
transforming activity is shown to be restricted to a 
segment of 350 nucleotides only. Sequence analysis by 
Ravi Dhar of National cancer institute,USA suggests 
that only one base , a guanine in the proto-oncogene is 
replaced by a thymine base in the oncogene of bladder 
carcinoma genes. Thus a single nucleotide, a “ point 
mutation “ in a 5000 nucleotide of normal human gene 
could convert it into an oncogene; mutation of a proto-
oncogene may be a critical event in the initiation of 
many cancers. 
2. Chromosomal rearrangement: L.C.Grace and Michal 
D. Ccle, USA, discovered that chromosomal 

rearrangement is one of the possible mechanisms of 
proto-oncogene activation in some types of cancer. 
3. Amplification: In some cancer cells there are many 
extra copies of a particular proto-oncogene instead of 
the normal two copies characteristic of most cellular 
genes. This oncogene amplification and in turn 
increased oncogene expression may also play an 
important role in the development of cancer by excess 
production of gene product. Amplification of gene is 
possible one of the initial steps by which cells become 
cancerous or it may atleast contribute to yhe 
progression of cancer to a more malignant form. In that 
case of mammalian tumor gene, all these three 
mechanisms may be at work. In the case of retrovirus-
associated genes the transduced gene may undergo 
mutation or may end up adjacent to regulator unit of 
the gene which ultimately increases its level of 
expression thus activation of proto-oncogene might be 
involved in the etiology of the cancer in general, not 
just those involving viruses. 
 
 Action 
 Not much is known about the function of 
oncogene.Like other genes it also encodes the 
structure of a protein. Each amino acid of a protein is 
coded by a three base codon in the gene which 
encodes the protein structure. Point mutation observed 
in the case of bladder carcinoma oncogene can alter 
the structure of the protein because GCG base codon 
of proto- oncogene codes for glycine amino acid while 
GTC codon of oncogene for valine. Thus single amino 
acid substitution in the protein may some times cause 
proteins to acquire novel functions of abnormal 
cellular metabolism. Oncogene seems to regulate 
cancerous growth in the same manner as encoded by 
proto- oncogenes that control normal growth. 
 
Significance 

A clear cut understanding of the functions of oncogene 
proteins is very important before one could think of 
developing antagonists that inhibit a particular function 
to develop a  cancer therapy. In recent years evidences 
have begun to accumulate that till in favour of a 
multistep independently controlled process in the 
tumor formation the creation of an oncogene fulfils 
only one basic requirement for making the cell 
cancerous. A number of other necessary steps are 
required for cancerous transformation. These steps may 
or may not be inter-dependent. Scientists all over the 
world are hopeful of solving the problem of oncogene 
products, sequencing the gene and thus finding out the 
ultimate functions of these oncogenes. All these things 
will ultimately prove to be useful in manipulating the 
fundamental genetic changes that cause cancer in 
human body 
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