
Cancer
Growth and division of an individual cell 
is highly regulated. A cell turns tumouri-
genic when control over division is lost. 
Immortalization, transformation, and me-
tastasis are the changes that occur when 
cell becomes cancerous. The continuous 
changes result in unrestrained growth 
and interfere with the normal function 
of body. Although some cancer types are 
hereditary, some errors in DNA replica-
tion or exposure to carcinogen result in 
mutation in some somatic cells which can 
later turn cancerous. Tumors are classified 
behaviorally into benign and malignant. 
Benign tumors are slowly growing expan-
sive masses enclosed within a fibrous cap-
sule, whereas malignant tumors are usually 
rapidly growing, spread into not only lo-
cal tissue but distant sites, too. The most 
practical classification of tumors is based 
on the tissue of origin and type of cell in-
volved; for example, carcinoma is a can-
cer derived from epithelium, which is the 
most familiar cancer and more than 90% 
of tumors are originated from this tissue. 
Similarly, sarcoma arises from connective 
tissue whereas, leukemia arises from bone 
marrow. The histogenetic classification of 
benign and malignant tumors is shown in 
Table 1.1

Tumor growth is initiated in the cell in 
which new mutation results in replication 
advantage over other cells and the clone 
derived from this cell undergoes sequential 
rounds of clonal expansion at exponential 
rates. Series of subsequent mutations lead 
to the development of variety of gene 
products required for the development of 
malignant phenotype. Carcinogenesis is 
a multi-step process including initiation, 
promotion, and progression where nor-
mal epithelial tissues are changed to sub-
sequent-hyperplasia to dysplasia to carci-
noma in situ, to invasive carcinoma and 
ultimately to metastatic carcinoma.2

Types of Cancers
Hereditary (or inherited): Every cell (so-
matic + germline) in the body of a person 
has a mutation in some highly penetrant 
genes. This is relatively rare and accounts 
up to about 5%-10% of all solid tumors and 
a smaller proportion of hematological ma-
lignancies.
Sporadic: Mutations only in somatic cells, 
comprising more than 90 % of all cancer 
cases.
Familial cancer: These cancers are caused 
by both environmental factors and vari-
ations in several low penetrance genes. 
They account for 10%-30% of all cancers, 
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depending on their site.

Genetic Factors in Cancer
Cancer Genes
Cancer is a multifactorial disease and it can be hereditary 
(10% to 15% of cases) where defect resides in every sin-
gle cell of the body as it passes from parents to offspring 
through gametes. However, 85%-90% of cancer cases are 
sporadic in nature, which happen by chance and carry 
alterations only in descendents of peripheral blood cells, 
without any familial clustering. Cancer is a complicated 
biological process that involves alterations of many genes 
regulating various functions, such as cell growth and its 
motility, cell death, extra cellular matrix remodeling, de-
toxification of carcinogen compounds, and DNA repair. 
Genes responsible for cancer phenotype are mainly divid-
ed into two major classes: high penetrance genes and low 
penetrance genes. In high penetrance genes, oncogenes 
(growth promoting), apoptosis genes, and tumor sup-
pressor genes (growth suppressing) are involved whereas 
in low penetrance genes, drug metabolising genes/cancer 
susceptibility genes are involved. High penetrance genes 
mainly play a role in progression of cancer whereas low 
penetrance genes are mainly involved in the susceptibility 
of the disease.3-5

1. Oncogenes
Proto-oncogenes are normal cellular components in-
volved in regulating cell proliferation and differentiation. 
According to their function, proto-oncogenes are classi-
fied into growth factors, growth factor receptors, signal 
transducers, cell cycle transducers, cell cycle regulators, 
and transcription factors. Mutations in proto-oncogenes 
like point mutations, translocation and gene amplifica-
tion deregulate their expression and/or alter their struc-
ture, and turn them into a tumor inducing agent. These 
defects are known as gain of function. More than 100 
oncogenes have been identified so far.6 Many proto-on-
cogenes are most frequently activated in various cancers.7 
Some genetic changes play a crucial role in the develop-
ment of some neoplasms namely over-expression, ampli-

fication, and oncogene mutations in c-Ki-ras, HER2/neu 
(aka C-erb-B2), and c-myc.8,9 

2. Tumor Suppressor Genes
The first tumor suppressor gene, the RB (retinoblastoma), 
was identified in 1986. Genetic or epigenetic changes such 
as deletions, abnormal splicing, point mutations, pro-
moter methylation, deregulation of imprinting and hap-
lo-insufficiency can either inactivate or regulate tumor 
suppressor genes.10 Tumor suppressor genes are negative 
regulators of cell growth and are called gatekeepers. They 
are also involved in cell differentiation and programmed 
cell death. They are classified as cell cycle regulators, tran-
scriptional regulators, or signaling proteins. Methylation, 
cytogenetic aberrations, loss of heterozygosity, genetic 
mutations, gain of auto inhibitory function, and poly-
morphism either abolish or reduce the function of tumor 
suppressor genes and therefore they are targeted by loss of 
function in tumor cells. Abnormalities of the tumor-sup-
pressor TP53 (alias p53) and adenomatous polyposis coli 
(APC) genes are found in over 60% and 50% of cancer 
patients, respectively.8,10,11 

3. Low Penetrance Genes
Various cancers have major variations in incidence. This 
fact indicates a multi-factorial etiology in cancers which 
constitutes environmental factors, socio-cultural, genetic 
as well as ethnic backgrounds. In cancer, genetic predis-
position may result from alterations in several low pen-
etrance genes. It means that single mutations are far less 
common contributors in genetic predisposition for can-
cer. Genetically predisposed individuals might develop 
non-hereditary, sporadic cancers in which several low 
penetrance genes but not single mutations are responsi-
ble. The Human Genome Project has explored the single 
nucleotide polymorphisms (SNPs) and other polymor-
phisms like deletions, variable number of tandem repeats 
(VNTR), and gene amplifications as low penetrance genes 
which may lead to inter-individual differences in suscep-
tibility and genetic predisposition to cancer.3,4

There are classical genetic approaches for identifying sus-

Table 1. Histogenetic Classification of Benign and Malignant Tumors

Normal Tissue Benign Tumors Malignant Tumors

Glandular epithelium Adenoma Adenocarcinoma

Surface/ squamous epithelium Papilloma Squamous carcinoma

Fibroblasts Fibroma Fibrosarcoma

Cartilage Chondroma Chondrosarcoma

Striated muscle Rhabdomyoma Rhabdomyosarcoma

Smooth muscle Leiomyoma Leiomyosarcoma

Blood vessels Haemangioma -

Endothelium - Angiosarcoma

Fat Lipoma Liposarcoma

Bone Osteoma Osteosarcoma

Liver Hepatoma Hepatocellular carcinoma
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ceptibility genes for familial cancers; however, they are 
not very successful in identifying genes for sporadic can-
cers. Sporadic cancers are considered to be polygenic and 
multi-factorial diseases in which individual differences in 
susceptibilities are likely to depend not only on the func-
tion of whole series of low penetrance genes but also on 
their interaction with environmental factors. Therefore, 
understanding cancer biology involves not only the study 
of high penetrance genes, but also the identification of 
low penetrance genes which can modify cancer risk.12,13
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