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All Figures in this Lecture are taken from

1. Molecular biology of the cell / Bruce Alberts et al., 5th ed.

2. Research papers as cited     OR

3. Constructed 
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Basic property of cancer cellsBasic property of cancer cells
Cancer cells possess two 
heritable properties
Reproduce in defiance to 
normal constraints on 
growth and proliferation
Invade and colonize 
territories reserved for 
other cells

The abnormal cells give 
rise to a tumor or 
neoplasm
Benign
Malignant

Metastases Metastasis in Non-Hodgkin 
Lymphoma. 
Fluorodeoxyglucose shows up as 
yellow in regions of high glucose 
activity typical of tumor cells.
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Cancer originates from a single Cancer originates from a single 
abnormal cellabnormal cell

Cancer develops from a single cell that has 
acquired a heritable change
This is passed on to its descendents allowing 
them to outgrow, out‐divide and out‐live their 
neighbors
By the time these cells are detected, there are 
about a billion of them
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Causes of CancerCauses of Cancer

Genetic and Epigenetic changes
Carcinogenesis

Chemical Carcinogenesis
Radiation Carcinogenesis

Genetic defect in DNA repair 
mechanisms

People with xeroderma pigmintosum are more 
prone to cancer
Mice lacking certain DNA repair genes are 
abnormally prone to cancer
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Mutations and CancerMutations and Cancer
It is estimated that 1016 cell 
divisions occur in a human 
body in one lifetime
Error rate of DNA coding 10‐6

Every gene is likely to have 
undergone 1010 mutations

So why does cancer occur so 
In‐frequently?

It means that a number of rare 
genetic accidents must occur in 
the lineage of one cell i.e. 
progressive accumulation of 
random mutations in a single 
lineage of cells
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Progression of cervical cancerProgression of cervical cancer
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Tumor progressionTumor progression
Involves succession of 
random inherited changes 
followed by natural selection

At each stage the cells acquire a 
mutation or epigenetic change
The environment inside a tumor is 
harsh and inhibits the growth of 
normal cells

Is this expected?
Higher organisms have stringent 
gene regulation
The cells have to cross these levels 
of regulation
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Epigenetic Changes: Inherited Epigenetic Changes: Inherited 
chromatin structurechromatin structure
Cells are identified by abnormal 
appearance in tumor biopsies

Contain unusual amount of heterochromatin
Associated with gene silencing
Genes are switched off in a cell‐to‐cell inherited 
manner

In reality this is the same principle by 
which fetus grows in higher animals



9:38 AM jg sbs iitd 9

Genetic & Genetic & EpigenticEpigentic changeschanges
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Defective Control of Defective Control of 
Programmed Cell DeathProgrammed Cell Death
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Escapes limits of replicationEscapes limits of replication

Normal “primary” cells proliferate in culture, but 
soon stop dividing after a number of dividing cycles 
– replicative senescence

Cell division counting mechanism depends on the 
shortening of telomeres
Cells have the enzyme telomerase, the promoted the 
formation of protein caps to protect the ends of the 
chromosomes
Many proliferation cells (with the exception of stem cells) 
are deficient in telomerase and so it ultimately results in the 
cell cycle arrest of the cell

Cancer cells either
Block the control point so that cell cycle continues in the 
absence of telomeres
Acquire/maintain telomerase activity to continue indefinite 
cell dividion
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Tumors induce angiogenesisTumors induce angiogenesis
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Viruses can cause cancerViruses can cause cancer
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Analysis of stable states in Apoptotic pathways dependent Analysis of stable states in Apoptotic pathways dependent 
upon the presence or absence of heat shock proteins for upon the presence or absence of heat shock proteins for 
predicting drug targetspredicting drug targets

Apoptotic 

 state

Cell death

Cell Survival
HSPs

Death 

 signal
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HypothesisHypothesis

(i) Apoptosis regulated at multiple steps, cFLIP is the 
first level, IAP is second and Bcl2 at third level.

(ii)Inhibition of Bcl2 signaling induces apoptosis. 
(iii) Bcl2 should be constitutively activated concurrently 

with p53 is essential for the long-term survival of cells 
and to reproduce cancer phenotype. 

(iv) Most stable state in pathway is where cFLIP, IAP, and 
Bcl2 are ON. 

(v) HSPs can prevent apoptotic pathway.
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Node Mutation
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HSPsHSPs
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Experimental methodsExperimental methods
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Differences between 2Differences between 2--D and 3D and 3-- 
D culturesD cultures
Phenotype and morphology
Metabolic and gene expression pattern
Tumor cells grown in 3‐D show 
pronounced resistance to drugs as observed 
in vivo
Alters pluripotency of stem cells
Responsible for developmental changes  
(which means this area of research cannot 
be carried out in 2‐D)
Spatio‐temporal consistency of information 
and heirarchy
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Variability in 2Variability in 2--D & 3D & 3--D D 
culturescultures

Role reversal: unlike in 2‐D cultures, breast 
 tumour

 
cells in 3‐D culture (left) that become 

 malignant (centre) can be made to revert to their 
 original state (right) when an antibody 

 against
 

β1‐integrin is added to the system. 
M. BISSELL, the Lawrence Berkeley National Laboratory in California
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Testing Cancer drugs Testing Cancer drugs 
Receptors for growth factors play 
a key role in the initial 
development of tumours

the migration of cells away from 
primary tumours to cause 
secondary cancers around the 
body

Cancer cells undergoing 
metastasis normally cut 
themselves free from a tumourʹs
ECM using protein‐digesting 
enzymes

formation of amoeba‐like cells 
depends on a particular signalling
pathway in a range of different 
tumour cell lines

Joined up: a cell in a 3-D culture 
forming links by means of β1-integrin 
(orange) with the scaffolding.
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Changes in Morphology : Changes in Morphology : 
MetastatisMetastatis

Transition of spindle-shaped (mesenchymal) to 
more spherical (amoeboid) migration in 
HT1080/MT1 and MDA-MB-231 cells for migration 
(metastatis) Wolf et al. JCB 2003 160 (2): 267

The invasion and 
migration of tumor 
cells involves 
coordinated adhesion 
as well as proteolytic
interaction with the 
ECM substrate, 
resulting in the 
degradation and 
remodeling of 
interstitial tissue 
barriers 
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Change in Morphology of HT 1080 in Change in Morphology of HT 1080 in 
Hollow Fiber Reactor Hollow Fiber Reactor 

Adhered cells produce urokinase
Amoeboidal cells migrate

S. S. Khaparde, P. K. 
Roychoudhury, J. Gomes*, A. 
Mukhopdhyay, Biotechnol. 
Prog. 2008, 24, 1325

Trajectories showing the course of physiological 
states during the external modulation of HFR for 
urokinase production
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