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From a normal cell to a cancer 
cell…..What is different?

It looks 
different

It has the ability to 
invade & spread

It can avoid the 
immune system

It grows when it is 
not supposed to
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Melanoma- NCI Visuals online
FAP Polyps- NCI Visuals online
Metastatic breast cancer in the lymph nodes.  NCI visuals online




Cancer

The word ‘Cancer’ comes from a description that the 
first Ancient Greek Doctor, Hippocrates, named for 
the streaks of hard gray tissue that extend from a 
tumor into the normal tissue, which look a little like a 
crab (karkinos – Greek for crab).
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Hippacrates is considered the “Father of Medicine”



Some cancer statistics

o It is second leading 
cause of death in the US, 
second to heart disease.

o In 2017, an estimated 
1,688,780 new cases of 
cancer will be 
diagnosed in the United 
States and 600,920 
people will die from the 
disease.
o That’s about 1,650 

people/day!

Heart Disease
614,348 

Cancer
591,699 

Chronic 
Respiratory 

Disease
147,101 

Accidents 
(unintention
al injuries)

136,053 

Stroke
133,103 

Alzheimer's 
Disease
93,541 

Diabetes
76,488 

Influenza and 
Pneumonia

55,227 

Nephritis, 
nephrotic 
syndrome, 

and nephrosis
48,146 

Intentional 
self-harm 
(suicide)

42,777 

Top 10 Leading Causes of Death in the US
2015, Centers for Disease Control and Prevention



Mortality: The number of deaths during a specific 
time period
Incidence:  The rate or frequency of a disease

Cancer rates
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What about cancer?

o Cancer arises from normal tissues.



What about cancer?
o Cancer arises from normal tissues.
o It is the uncontrolled growth and spread of 

abnormal cells anywhere in the body. 
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Why do cells divide?

o Grow & reproduce: To make an organism larger
and more complex.

o Repair: Tissues that have been damaged.
o Replace: Lost or broken down cells

Interphase Early Prophase Late Prophase Metaphase Early Anaphase Telophase 
and Cell 
Division

Late Anaphase
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Most living things grow by increasing the number of cells. 
When the body needs it, our cells split into 2 and replace cells that are defective or have come to the end of their lifespan.  This makes it possible for our tissues to repair themselves and maintain their shape, structure, and function.  When cells divide, the DNA is replicated and then divided equally between two identical daughter cells.




Cell growth
o Controlled by a delicate balance between

growth-promoting and growth-inhibiting factors.
o Cancer is a disruption in this balance.

L D Walensky. Cell Death and Differentiation (2006) 13, 1339–1350

Normal Cancer

Cell Death = Cell Growth Cell Growth > Cell Death
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So, what happens in cancer?  It is a change from a normal cell to a cancer cell.  Every normal cell is programmed to multiply & die and this is a tightly controlled process which is controlled by the center of the cell, the nucleus (we’ll take a look at that in just a minute).  Sometimes, something goes wrong with the cell and the cell no longer has control over how and when it should divide.  In cancer, the abnormal cells divide uncontrollably and form a tumor.




A review of the cell & DNA
o Each cell in your body has a nucleus.
o DNA is stored inside the nucleus.
o DNA is the instruction book of life.
o DNA is made up of 4 chemical bases: adenine

(A), guanine (G), cytosine (C), and thymine (T)
o The order of the bases along the stretch of

DNA code for genes which carry the
instructions to make  proteins.

o DNA is packaged into 23 pairs of
chromosomes.
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Cytogenetics – a normal cell
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Banding techniques developed

Does anyone know whether the chromosomes here (lower right) are male or female? XY?

Karyotype courtesy of NHGRI



This is normal

DNA damage
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Normally,  we have molecular repair mechanisms in our cells.
The human genome is under constant attack and acquires thousands of DNA damaging events per day.  How a cell responds to that damage dictates the end result.  In a normal setting, the cell can sense the damage to the DNA and respond to the damage by inducing repair mechanisms to fix the damage.  If the damage is too great or ineffective, then the cell can essentially commit suicide and then a new cell can replace the cell carrying the damage.



Damage to DNA causes cancer
Cancer arises from damage to the DNA that gives 

the cell a growth advantage.
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What causes damage to DNA?
UV radiation, Radon, high fat diets, alcohol, chemicals, viruses, tobacco



Cancer

Normal

DNA damage

Damage not repaired
No cell death

DNA damage



Consequences of chromosome 
alterations?

Chronic Myelogenous Leukemia (CML)
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The Philadelphia chromosome represents one of the best understood examples of DNA damage and cancer.  Here, there is a swapping of chromosome material between chromosomes 22 and 9.  Part of chromosome 9 breaks off and goes to 22 and part of 22 breaks off and goes to 9.  This is called a translocation.  The small abnormal chromosome is called the Philadelphia chromosome and is found in leukemia cells of almost all patients who have CML.
The swapping of the chromosome parts leads to the formation of a new gene (an oncogene) called BCR-ABL.  This new gene causes the cells to grow and reproduce out of control.




Take home 
message

o Cancer is an imbalance in cell 
growth and/or cell death

o Cancer arises from an 
accumulation of mutations in 
genes that control cell division, 
cell death, and DNA repair.  It 
takes years for DNA mutations 
to accumulate.

o The DNA mutations can result 
in changes in protein structure 
and function.

o Cancer can be treatable by 
targeting the altered proteins. 
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