Genetics of Cancer
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The Estimated Numbers of New
Cancer Cases and Deaths

350

5

2 | 300

£ _|250

"3

%o

8 S| 200

O

-

g 9| 150

ce

[

O 100

7}

1§ L LL

B LLLEE L
F) G =) 5 «© 5 0T > @ o S c
s 8§ s g El 8 5 g & E § £ %
D = - O < B < 2 < L ] a
) ™ -y P 3 « v 5] 2
=4 o 3 3 c o
o € ] i} S

> = — o
yright 1 o

Properties of Cancer Cells

* Loss of Contact inhibition
* Anchorage independent growth
» Can grow indefinitely

» Can grow with low levels of
serum growth factors

| B U.S. Cancer Deaths in 1997

(thousands)



What do cancer cells look like?

3T3 cells in culture Transformed 3T3 cells

Anchorage Independence

Normal cells carmot Transformed cells can proliferate

growm S.Oﬂ o and form colomies insoft agar
exist in single cell
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http://140.116.60.1/mdlai/Handout/cancer-
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Loss of Contact Inhibition mn Cancer Cells
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Cancer Cells Can Proliferate With

Serum Deprivation
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What do cancer cells look like?

Transformed 3T3 cells

3T3 cells in culture

Where do they come from?

Most of the mutations that contribute to cancer occur in
somatic cells - but germ line mutations can also contribute
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The Genetic Basis of Cancer and
Theodor Boveri 1862 - 1915

* Established that chromosomes
carry the hereditary information by
showing that aberrant segregation
of chromosomes leads to certain
phenotypes in sea urchin eggs.

+ Suggested that aberrant
segregation of human chromosomes
could be responsible for a normal cell
becoming a fumor cell

+ Suggested that some chromosomes
pr‘omoted cell gr‘ow‘rh and others



Major complications in understanding
the genetic basis of cancer

* Multiple mutations are necessary to produce a tumor cell
- Different types of tumor have different genes mutated

« Early initiating events occur rarely in complex tissues
and are therefore extremely difficult to detect

* The key initiating event often leads to an increase in
mutation rate thus tumor cells often bear many fortuitous
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somatic cells - but germ line mutations can also contribute
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Alterations in different kinds of

Genes cause Cancer

Oncogenes
dominant gain-of-function mutations
promote cell transformation

Tumor suppressor genes
recessive, loss-of-function mutations
promote cell transformation

Mutator genes
Usually recessive, loss-of-function mutations
that increase shantaneotis and environmentallv

Signal Transduction and Growth Regulation

Nuclear
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Cytoplasmic
signal
transduction
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Growth
Factor
Genes




Great Targets for Dominant Acting Oncogenes

Receptor Tyrosine Kinases (RTKs)
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Extracellular Growth
factor
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Receptor Tyrosine Kinases (RTKS)
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Genetic alterations leading to
Constitutive Activation of RTKs

 Deletion of extracellular domain

- Mutations that stimulate dimerization
without ligand binding

* Mutations of the kinase domain
*Overexpression of Ligand

Overexpression of Receptor



| Proto-oncogene receptor proteins |

Her2 receptor EGF receptor .
Two Classic
Examples
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EGF Receptors signal through the RAS G-protein

EGF V
v
EGF
monomers

Exterior d
Cytosol /@
Inactive Ras 5

Binding of hormone causes dimer- . i

nzauongand phosphorylation of n ;DP Sos promotes dissociation o_i GDP

cytosolic receptor tyrosine residues from Ras; GTP binds and active

GTP Ras dissociates from Sos

Active
Ras

Binding of GRB2 and Sos couples
receptor to inactive Ras

Signaling

cABL - A non-receptor, cytoplasmic tyrosine
kinase that can be converted into an
oncoprotein

* cABL proto-oncogene product
signals to many of the same
molecules as the RTKs

* Signals cell cycle progression
and cell proliferation



The Philadelphia Chromosome and Chronic
Myeloid | eukemia
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Human Chromosome Spread - G-banding Karyotype
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The Philadelphia Chromosome created by a
Translocation between Chrs 9 and 22
> Chronic Myeloid Leukemia
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The Philadelphia Chromosome and Chronic

Myeloid Leukemia
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Uncontrolled ABL Kinase Activity
and Signal Transduction

Chronic Myeloid Leukemia

The Philadelphia Chromosome and Chronic
Myeloid Leukemia

BCR-ABL oncogene
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Signal Transduction and Growth Regulation
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Alterations in different kinds of

Genes cause Cancer

Oncogenes
dominant gain-of-function mutations
promote cell transformation

Tumor suppressor genes
recessive, loss-of-function mutations
promote cell transformation

Mutator genes

Usually recessive, loss-of-function mutations
that increase shontaneotis and environmentallv



