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Genetics-multistep tumorigenesis 
genomic integrity & cancer 

Sections 11.1-11.8 from 
Weinberg’s ‘the biology of 

Cancer’ 

Cancer genetics and genomics 
Selected publications (more of a 

journal club format) 

Tuesday, February 14 lecture 
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Tuesday, February 14 lecture 

Exam Question 
(Tuesday, February 28) 

10 marks for 10 points 
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Integration with other ONCOL520 
lectures 

Viruses 
Oncogenes 
Dr. Godbout 

Tumor 
suppressors 
Dr. Godbout 

p53 
Dr. Goping 

Rb 
Dr. Chan 

Epigenetics 
Dr. Hendzel 

Stem cells 
Dr. Weinfeld 

DNA 
repair 

Dr. Weinfeld 

Multistep 
Genetics 
Genomes 

“All cancers arise as a 
result of changes that have 
occurred in the DNA 
sequence of the genomes 
of cancer cells” 
Stratton, MR (2009) Nature 458:719 
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Key concepts 

  Sequential acquisition of 
genomic (epigenomic) alterations 
that favor tumorigenesis 
  Clonal evolution and tumor 
heterogeneity 
  Cancer genetics and cancer 
genomes 

Figure 11.1  The Biology of Cancer (© Garland Science 2007) 

Cancer: a disease of ageing 
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Figure 11.2  The Biology of Cancer (© Garland Science 2007) 

Cancer: it takes time 

Figure 11.7  The Biology of Cancer (© Garland Science 2007) 

Multistep change in tissue architecture 
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Figure 11.9  The Biology of Cancer (© Garland Science 2007) 

Multistep change in genomic alterations 

Ability to identify requires distinguishing alleles 
Also, note the limited number of ‘driver’ events during progression 

Figure 11.11a  The Biology of Cancer (© Garland Science 2007) 

Multiple roads to the same destination 

Think heterogeneity in tumorigenesis 
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Figure 11.11b  The Biology of Cancer (© Garland Science 2007) 

Multiple roads to the same destination 

Think heterogeneity in tumorigenesis 

Figure 11.12  The Biology of Cancer (© Garland Science 2007) 

Clonal evolution & expansion 

Don’t be fooled by the seemingly 
homogenous expanded pools 
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Figure 11.16a  The Biology of Cancer (© Garland Science 2007) 

Stem cells & clonal evolution 

Not all tumor cells are created equal 

Figure 11.16b  The Biology of Cancer (© Garland Science 2007) 

Stem cells & clonal evolution 

Not all cells created equal: cell hierarchies 



9 

Figure 11.17  The Biology of Cancer (© Garland Science 2007) 

Stem cells & clonal evolution 

Sub-populations of tumor stem cells 

Multiple rounds of 
mutation and 

selection 

Figure 11.18  The Biology of Cancer (© Garland Science 2007) 

Stem cells & clonal evolution 

Co-existence of multiple stem cell pools 

Again, think heterogeneity 
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…in other words, visualize 

Not this This 

Figure 11.19  The Biology of Cancer (© Garland Science 2007) 

The concept of genetic heterogeneity 

Why are all these things different? 

Interphase FISH 
for 2 loci (red 

and green) 
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  These are just two genomic loci 

  What about whole genomes (the 
post-textbook era)? 

Today’s reality 
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  The need to understand cancer 
genomes (& personal genomes) 

 Your genome vs. the cancer genome 

  Germline vs. sporadic 

  Evolution of technologies to 
enable this goal (fallout from the 
human genome project) 

Cancer cell Normal cell 
One of these men will succumb to cancer 
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  Somatic: acquisition of 
mutations that convert a normal cell 
to a cancer cell 

  Germline: inheritance of an 
alteration or mutation that will 
cause or predispose to cancer 

A brief history of genetic variation 
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Cancer cell Normal cell 

DNA-mediated gene transfer 

Circa 1980 (the 
way it was) 

…and no internet 

Activating oncogenic mutations 

circa 1982 
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Swapped tumor and normal DNA to find critical region 

Activity could be mapped 
to a 350bp fragment, which 
was sequenced; single 
mutation changes Gly to 
Val 

FYI: current day sequencing projects 
involve 100,000,000,000bp (and increasing 
rapidly) 
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  Catalyzed the discovery of 
many more cancer genes, 
primarily through genetic linkage 
(positional cloning). 

 …but painstakingly slow. 

Guilford (2000) Cell. Mol. Life Sci 57:589 
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All of these are associated 
with some obvious change 
to the gene and usually the 
encoded protein 

…what can these include? 

•  Substitutions 
•  Insertions 

(varying) 
•  Deletions (varying) 
•  Rearrangements 

(inter and 
intrachromosomal) 

•  Copy number 
increase 

•  Copy number 
decrease 

•  Viral DNA 
•  Mitochondria 
•  Epigenetic 
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All of these are associated 
with some obvious change 
to the gene and usually the 
encoded protein 

…but not always. What are 
some other possibilities? 

•  Amino acid change 
•  Splicing 
•  Regulatory 

(promoter or 
enhancer) 

•  UTR 
•  Non-coding RNA 

Keep in mind the mechanistic heterogeneity; multiple 
ways to gain or loose protein function 
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Status thus far? 
•  ~350 of 22,000 protein encoding 

genes show recurrent somatic 
mutations 

•  Most by genetic and physical 
mapping (again, painstaking) 

•  Identifying genes with 
transforming activity (i.e., H-RAS) 

•  Animal models 
•  Guess work? 

Can we fully define the 
range of somatic changes 
that accompany the 
conversion of a normal cell 
to a cancer cell? 
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Understanding the cancer 
genome requires that we 
understand our own 
genomes 
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Interested in affect of 
radiation on mutation 
(Department of Energy) 

Officially launched 

Human genome timeline 

Human genome timeline 

Collins takes over 
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Human genome timeline 

Venter enters the 
picture ($$$$$) 

Draft version published in 
2001 (complete in 2003) 

Completion of draft 
announced in 2000 
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13 years and $437 million 
later, we have a ‘complete’ 
genome sequence 

$3 billion allocated to 
various genome projects 
over this time 

“Exploiting this variation 
has huge implications for 
cancer research, treatment, 
and prevention” 


