
NAAC ACCREDITED ‘A’ GRADE

TOPIC : CANCER

COURSE TITLE : CELL BIOLOGY

PAPER : CC4

UNIT : UNIT.6

SEMESTER : 2ND SEMESTER

NAME OF THE TEACHER : DR. MALABIKA BHATTACHARJEE
NAME OF THE DEPARTMENT : DEPARTMENT OF ZOOLOGY [UG & PG]

VIVEKANANDA COLLEGE THAKURPUKUR

KOLKATA-700063



DR. MALABIKA BHATTACHARJEE
Post-graduate Department of Zoology, 

Vivekananda College, Thakurpukur, Kolkata-700063

CANCER

REFERENCE
1. CELL-COOPER
2. CELL-BRUCE ALBERTS
3. CELL-LEWIN
4. MOLECULAR CELL BIOLOGY-LODISCH
5. THE WORLD OF CELL-BECKER
6. MOLECULAR BIOLOGY OF CANCER
7. MOLECULAR BIOLOGY OF CANCER
8. CANCER CELL SIGNALLING



© DR.MALABIKA BHATTACHARJEE , POSTGRADUATE DEPT.OF ZOOLOGY,  VIVEKANANDA COLLEGE

CELL CYCLCE, CELL DEATH 
& CANCER....
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Nevertheless, many of the early written descriptions of cancer originate from the
Classical Greek and Roman physicians Hippocrates and Galen, who laid the
foundations for modern medicine by emphasizing that diseases were natural
physical processes.

In fact, we owe our names for cancer to Hippocrates, who first applied the terms
karkinos and karkinoma (Ancient Greek for “crab”) to various diseases, including
cancers of the breast, uterus, stomach, and skin.

Cancer is the Latin equivalent. Interestingly, although Galen performed some early
surgical interventions for cancer, he maintained that cancer was generally best
left untreated, a view that appears to still find favor with some health
economists.

However, Galen also believed that diseases resulted from imbalances in the four bodily
“humors” (blood, phlegm, yellow bile, and black bile), which were also
responsible for differing temperaments such as melancholy!

THE ORIGIN OF THE WORD.....CANCER
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HUMAN GENOME AND MUTATION RATE....
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IMPORTANT DATES ....



Chapter 18 slide 7

1. Oncogenesis may be due to:

a. Spontaneous genetic changes, such as spontaneous gene 

or chromosome mutations.

b. Exposure to mutagens or radiation.

c. The action of genes introduced by tumor viruses.

1. The abnormal behavior of cancer cells begins when a single cell in a tissue

undergoes a transformation that converts it from a normal cell to a cancer cell.

Normally, the immune system recognizes and destroys transformed cells.

2. However, cells that evade destruction proliferate to form a tumor, a mass of

abnormal cells.

3. If the abnormal cells remain at the originating site, the lump is called a benign

tumor. Most do not cause serious problems and can be removed by surgery.

Benign tumors do not spread – warts for example.

4. In a malignant tumor, the cells leave the original site to impair the functions of

one or more organs and spread throughout the body . In addition to

chromosomal and metabolic abnormalities, cancer cells often lose attachment to

nearby cells, are carried by the blood and lymph system to other tissues, and

start more tumors in a event called metastasis.

5. Cancers arise more readily in tissues that contain proliferating (stem) cells.

Tumor Cells and the Onset of Cancer

© DR.MALABIKA BHATTACHARJEE , 
POSTGRADUATE DEPT.OF ZOOLOGY,VIVEKANANDA COLLEGE



8© DR.MALABIKA BHATTACHARJEE , POSTGRADUATE DEPT.OF ZOOLOGY,  VIVEKANANDA COLLEGE

NORMAL VERSUS ABNORMAL



1.Carcinomas – arise from endoderm

(gut) or

ectoderm (skin,

neural

epithelium).

2.Sarcomas – arise from mesodermal

tissues (muscle,

blood, connective

tissue).

3.Leukemias and lymphomas-arise

from blood

forming cell and

from cells of the

immune system
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BASIE TYPES: 
BENIGN & MALIGNANT

BASIC STEPS IN TUMOR FORMATION
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DIVERSE CATEGORIES OF LYMPHOMA: A GLIMPSE
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SELECTIVE LYMPHOMA RELATIVE TO THEIR SITES OF ORIGIN



The Multistep Nature of Cancer
1. Cancer induction may require accumulation of 6–7 independent mutations over several decades, 

typically involving:

a. Conversion of proto-oncogenes to oncogenes.

b. Inactivation of tumor suppressor genes.

2. An example is Vogelstein’s model for a form of colorectal cancer, hereditary FAP

a. Mutation of both alleles of a tumor suppressor gene on chromosome 5, APC (adenomatous polyposis

coli), causes increased cell growth.

b. Hypomethylation of the DNA leads to a benign tumor (adenoma class I).

c. Mutation of the chromosome 12 ras proto-oncogene allows cells to form a larger benign tumor

(adenoma class II).

d. If both copies of DCC, a tumor suppressor gene on chromosome 18, are lost, an even larger

adenoma class III results.

Mutation of both p53 alleles on chromosome 17 results in conversion to a carcinoma. Other gene losses

result in the cancer metastasizing.
g. Other paths are possible, but in all cases deletions of APC and mutations of ras occur before deletions

of DCC and p53.
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DEVELOPMENT OF COMMON 
ADENOCARCINOMAS 
OF THE PANCREAS



© DR.MALABIKA BHATTACHARJEE , POSTGRADUATE DEPT.OF ZOOLOGY,  VIVEKANANDA COLLEGE

The 
intracellular 

signaling 
circuitry and 

collaboration 
between 
cancer 

associated 
genes 
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TUMOR PROGESSION
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STEPS OF METASTASIS
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Causes of 

Cancer

Carcinogens

Physical:

Example: 

Radiations,UV rays-

Skin Cancer

Chemical: 

Tobacco smoke, 

aflatoxin (liver 

carcinogen); 

benzo(a)pyrene, 

dimethylnitrosoamine, 

nicke compound

Tumor 

Promoters

Contribute to cancer 

development by 

stimulating cell 

proliferation, rather then 

induing mutations.

Example: estrogen

Viruses
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CAUSES…….conitnued



Blood supply 

necessary for 

the tumor to grow 

and spread. 

Intravasation and 

extravasation.

Requires protease activity 

to penetrate basement 

membranes and the 

extracellular matrix.

Necessary for continued 

proliferation.

Necessary for 

continued 

proliferation.

Otherwise the 

tumor cells will die, 

Otherwise the 

tumor will not grow.

SIX CHARACTERISTICS OF METASTATIC (MALIGNANT) TUMOR CELLS
Benign tumor cells 

are not metastatic.

20
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Normal cells proliferate in culture until

they reach a finite cell density at which

point they become quiescent.

Tumor cells, however, continue to

proliferate independent of cell density.

21

Cancer cell property: DENSITY-inDEPENDENT growth 



A cell produces a growth factor to which

it also responds, resulting in continuous

stimulation of cell proliferation.

22

Cancer cell property: autocrine growth stimulation
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Cancer cell property: autocrine growth stimulation
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Cancer cell property: constitutive signalling



ACCEPTED MODEL FOR  CANCER
The Two-Hit Mutation Model for Cancer

1. Cancers can be caused by viruses, but most result from mutations in cellular

genes. Usually these mutations have accumulated over time, and research has

identified the genes involved.

2. The incidence of cancer falls into two categories:

a. Sporadic cancers, the more frequent type, do not appear to have an

hereditary cause.

b. Familial (hereditary) cancers run in families. Retinoblastoma provides an

example .

i. Retinoblastoma is the most common eye tumor in children birth to 4

years. Early treatment (usually gamma radiation) is over 90% effective.

ii. Retinoblastoma has two forms:

(1) Sporadic retinoblastoma (60%) develops in children with no

family history of retinoblastoma, and occurs in one eye (unilateral

tumor).

(2) Hereditary retinoblastoma (40%) patients typically develop

multiple tumors involving both eyes (bilateral tumors).

(a) Onset is usually earlier in the hereditary form.

(b) Siblings and offspring often develop the same type of tumor.

(c) Pedigrees of affected families are consistent with a single gene

responsible for retinoblastoma. 25
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3. Knudson (1971) proposed the 2-hit mutational model, that two mutations were required 
for development of retinoblastoma (Figure 18.4).

a. In sporadic retinoblastoma, the child starts with two wild-type alleles (RB+/RB+).

i. Both alleles must mutate to produce the disease genotype (RB/RB).

ii. The probability of both mutations occurring in the same cell is low, so only one 
tumor forms.

b. In hereditary retinoblastoma, the child starts out heterozygous (RB/RB+).

i. Only one mutation is needed for tumor formation (RB/RB).

ii. Mutations resulting in loss of heterozygosity (LOH) are likely in rapidly dividing 
cells, and multiple tumors occur.

4. In Knudson’s model:

a. Retinoblastoma alleles are recessive, because only homozygotes (RB/RB) develop 
tumors.

b. However, in pedigree analysis, the disease appears to be dominant. This is because:

i. Heterozygous individuals (RB/RB+) are predisposed to the cancer, since only 
one mutation is required for the neoplasm. Families with one allele already 
mutated will have a significant incidence of the disease.

ii. Homozygous dominant individuals (RB+/RB+) develop the cancer only when
both alleles in the same cell are mutated. Therefore, most children in the general
population do not develop the disease.

5. This hypothesis is supported by later studies of the chromosomes of retinoblastoma patients, 
which:

a. Mapped the gene to 13q14.1-q14.2 (long arm of chromosome 13).

b. Showed that the gene encodes a growth inhibitory factor (tumor suppressor).

6. Retinoblastoma is rare among cancers because a single gene is critical for its development. In 
most cases, cancers result from a series of mutations in different genes for growth and division.

26
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KNUDSON : Two-Hit Mutation 
Model for Cancer
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KNUDSON : Two-Hit Mutation Model 
for Cancer
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HEREDITARY AND SPORADIC 
RETINOBLASTOMA
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Genes and Cancer
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1. When a cell is exposed to a mutagen,

genes that serve as either positive or

negative regulators of cell growth and

proliferation may be damaged. The

two types of regulatory genes

normally work in opposing fashions

to ensure a well-balanced control

system.

2. The positive regulators that act to

promote normal cell growth and

division are termed proto-

oncogenes; after mutation, these

genes become activated into

oncogenes. The negative

regulators that normally serve to

constrain proliferation are termed

tumor suppressors; these genes

become involved in carcinogenesis

when they are inactivated by

mutations, depriving the cells of their

growth-suppressing powers.

ONCOGENES AND TSG
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ONCOGENES & TSG
EXAMPLES
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ONCOGENES & TSG: 
7 SISTERS



ONCOGENES AND VIRUSES
1. Tumor viruses induce infected

cells to proliferate and

produce a tumor. There are

two types, based on the viral

genome:

a. RNA tumor viruses

transform cells by

introducing viral

oncogenes. (An oncogene

is any gene that

stimulates unregulated

proliferation.)

b. DNA tumor viruses do

not carry oncogenes, and

use other mechanisms to

transform the cell.
33

1. RNA tumor viruses are all retroviruses, and their 

oncogenes are altered forms of normal host genes. 

Examples include:

a. Rous sarcoma virus.

b. Feline leukemia virus.

c. Mouse mammary tumor virus.

d. Human immunodeficiency virus (HIV-1, cause of 

AIDS).

2. Structurally, retroviruses have:

a. Two copies of the 7-10 kb ssRNA genome.

b. A protein core (often icosahedral).

c. An envelope derived from host membrane and bearing

viral glycoproteins used to enter a host cell.

3. The retroviral life cycle was first characterized (1910) for a 

“filterable agent” from a chicken tumor, later named the Rous 

sarcoma virus (RSV). RSV’s genome organization is known
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ONCOGENES & VIRUSES EXAMPLES



Stylized drawing of a retrovirus

35
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ONCOGENES & VIRUSES : RETROVIRUS GENOME
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ONCOGENES & VIRUSES : 
RETROVIRUS GENOME & PROTO-ONCOGENE PRODUCTS



PROTO-ONCOGENES TO 
ONCOGENES

1. Conversion of proto-oncogenes to oncogenes relaxes cell

control, allowing unregulated proliferation. Examples:

a. Point mutations in the coding or controlling sequences

can either change the gene product or alter its

expression. The ras genes are an example:

i. A point mutation produces a mutant protein that can

cause cancer in many different types of cells.

ii. G proteins lose regulation, and constitutive growth

signals are transmitted to the cell.

b. Deletions of coding or controlling sequences can change

the amount of activity of growth stimulatory proteins,

allowing proliferation. The myc gene is an example:

i. The myc gene product is a transcription factor that

activates genes involved in cell division.

ii. Deletions can remove upstream sequences, allowing

expression from an alternative promoter and changing

the amount or activity of the protein product.

c. Gene amplification, caused by random overreplication

of regions of genomic DNA, has been found in tumor

cells. Multiple copies of ras in mouse adrenocortical

tumors are an example.
37
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ONCOGENES IN 

HUMAN CANCER

POINT 

MUTATION:

GGC GTC :

Here glycine

(GGC) is

changed to

valine (GTC).

In the process

rasH proto-

oncogene

converted to

oncogene

CHROMOSOME 

TRANSLOCATION:

8→14 

translocation 

occurs. Cmyc

translocated to 

Immunoglobulin 

heavy chain locus 

(Ig H)     

GENE 

AMPLIFICATION:

Amplified copies of 

N-myc gene results 

in development fo

neuroblastoma.

38
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PROTO-ONCOGENES TO ONCOGENES 
: HUMAN CANCER
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PROTO-ONCOGENES TO ONCOGENES : RAS
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PROTO-ONCOGENES TO ONCOGENES : 
RAS
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PROTO-ONCOGENES TO ONCOGENES :CHROMOSOMAL TRANSLOCATION
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PROTO-ONCOGENES TO ONCOGENES 
: BCR-ABL
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PROTO-ONCOGENES TO ONCOGENES :CHROMOSOMAL TRANSLOCATION



Cancer Induction 
by Retroviruses

1. One human, and many animal

cancers, are caused by

retroviruses. Two mechanisms

can account for viral-induced

cell proliferation independent of

cell cycle control signals:

a. A v-onc carried by an

integrated retrovirus may be

transcribed from a viral

promoter.

b. Proviral DNA may integrate

near a proto-oncogene, and

be transcribed from

promoter and enhancer

sequences in the viral LTR

(insertional mutagenesis).
44

1. Oncogenic DNA viruses do not carry oncogenes, but

may transform cells using viral gene products.

Examples include:

a. Papovaviruses. 

b. Hepatitis B viruses. 

c. Herpes viruses.

d. Adenoviruses.

e. Pox viruses.

2. DNA viruses induce production of cellular DNA replication

enzymes, which are used in viral replication. Rarely, viral

DNA integrates into the host genome instead, and may

produce protein(s) that stimulate the cell to proliferate. An

example:

a. The papovavirus group includes many different  

papillomaviruses, some of which cause:

i. Human warts.

ii. Human cervical cancer (HPV-16, HPV-18), due 

to action of the E6 and E7 viral genes, which 

influence cell growth and division.

DNA Tumor Viruses
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TUMOR SUPPRESSOR GENES
1. Harris (1960s) showed that fusion of cancer cells

and normal cells did not always result in a tumor,

indicating the existence of tumor suppressor genes.

2. In certain cancers, both homologous chromosomes

show deletion of specific regions, the sites of tumor

suppressor genes that inhibit cell growth and

division. Human examples include:

a. Breast cancer.

b. Colon cancer.

c. Lung cancer.

3. Action of tumor suppressors is the opposite of

proto-oncogenes.

4. Both tumor suppressor genes must be lost for

unregulated growth to occur (they are recessive),

while only one mutation is needed to change a

proto-oncogene to an oncogene (it is dominant) 45
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1. The human RB tumor suppressor gene has been mapped (13q14.1-q14.2) and

sequenced.

a. Its 180 kb of DNA encodes a 4.7 kb mRNA that produces a 928-amino-acid

nuclear phosphoprotein, pRB.

b. pRB is expressed in every tissue type examined, regulating cell cycle and all

major cellular processes.

c. Tumor cells have point mutations or deletions in the gene, leading to loss of

pRB function.

d. Karyotype analysis detects about 5% of RB mutants, and the remainder are

difficult to detect even with molecular techniques.

e. In hereditary retinoblastoma, both alleles are often identical, possibly due to:

i. Mitotic recombination.

ii. Chromosomal nondisjunction.

iii. Gene conversion.

2. The cell cycle transition from G1 to S is regulated by pRB, committing the cell to

the rest of the cycle.

a. In a normal G1 cell, pRB binds two transcription factors, E2F and DP1 .

b. As long as pRB stays bound to the factors, the cell remains in G1 or enters G0.

c. At the signal to progress through the cell cycle, cyclin/cyclin-dependent kinase

(Cdk) phosphorylates pRB so that it is unable to bind E2F.

d. Free E2F now binds and activates transcription of genes required for entry into S

phase.

e. After the cell completes mitosis, pRB is dephosphorylated.

46
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1. Most cancers result from mutations in several
genes. A gene mutated in about 1⁄2 of human
cancers is p53, encoding a 53 kDa tumor
suppressor protein (chromosomal location
17p13.1).
a. Inheritance of 1 mutant p53 allele results in Li-

Fraumeni syndrome, in which a rare form of
cancer develops in a number of tissues.

b. Tumors arise when the second p53 allele is
mutated, so the trait is inherited as an autosomal
dominant.

2. The p53 tumor suppressor protein (393 amino
acids) is involved in many processes, including:
a. Transcription.
b. Cell cycle control.
c. DNA repair.
d. Apoptosis (programmed cell death).

3. Wild-type p53 protein binds to several genes,
including WAF1, which encodes p21.
a. When p21 is activated by p53, it causes cells to

arrest in G1 by binding to a cyclin/cyclin-
dependent kinase (Cdk) complex.

b. Kinase activity is blocked, so genes for moving
from G1 to S are not activated.

47
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4. Damage to cellular DNA (e.g., by irradiation) causes p53 to initiate the

cascade of events leading to G1 arrest (Figure 18.14).

a. DNA damage leads to stabilization of p53 in an unknown way.

b. The cell has time to repair the DNA damage, before allowing the cell cycle

to resume.

c. If damage is too severe, the cell cycle does not resume, and apoptosis

occurs. Induction of apoptosis is a function of p53.

5. If both p53 alleles are inactivated, WAF1 cannot be activated and p21 will not

be available to block Cdk activity.

a. The cell is unable to arrest in G1, and the cell cycle proceeds to S,

regardless of DNA damage.

b. Apoptosis does not occur without p53.

c. Cell division produces cells with unrepaired genetic damage, allowing

mutations to accumulate, and raising the risk of cancer.

6. At least 17 cellular and viral proteins interact with p53. Virus proteins

typically inactivate p53, allowing products needed for replication to be

expressed.

7. Transgenic mice with deletions of both p53 alleles (knockout mice) are fully

viable.

a. This indicates that p53 is not essential for growth, cell division or

differentiation.

b. The p532/p532 knockout mice have one major phenotype, a very high

frequency of cancers (100% by the tenth month).
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1. Breast cancer is a very common type of cancer. About 5% of

breast cancers are hereditary, and like retinoblastoma, the

hereditary form often has earlier onset and is bilateral.

2. Several genes appear to be involved in familial breast cancer,

with two (BRCA1 and BRCA2) thought to be tumor suppressor

genes.

a. Mutations in BRCA1 (located at 17q21) are also involved in

ovarian cancer. The gene is expressed in many tissues to

produce a 190-kDa protein with a role in a number of functions,

including:

i. Homologous recombination.

ii. Cellular responses to DNA damage.

iii. Transcription of mRNA (the BRCA1 protein is part of

RNA polymerase II).

b. The BRCA2 gene (13q12-q13) is not involved with ovarian

cancer.

i. The large BRCA2 protein has some similarity to BRCA1.

ii. BRCA2 is part of a complex playing a role in timely

progression of cells through mitosis.
51
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Mutator Genes
1. A gene that increases the spontaneous mutation rate when it is mutated is a mutator gene.

Wild-type mutator gene products are involved in DNA replication and repair, so mutations

make the cell error-prone.

2. An example is hereditary nonpolyposis colon cancer (HNPCC).

a. HNPCC results from an autosomal dominant allele that causes early onset of colorectal

cancer in which no adenomas (polyps) form.

b. In humans, a mutation in any one of four genes (hMSH2, hMLH1, hPMS1 and hPMS2)

gives hereditary predisposition to HNPCC.

c. A mutation in the single normal allele for any of these genes results in cancer, so its

inheritance follows a dominant pattern.

d. All four genes have homologs in yeast and E. coli that are involved in DNA repair, and 1

of the human genes (hMSH2) has been shown to be active in E. coli through

complementation.

e. DNA-based blood tests are available for all four genes, allowing carriers to be detected.53
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