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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) 

Levy et al (2007) PLoS Biology 5:e254 

Starting to get a view of genome variation & complexity; creates challenges 
for interpreting cancer genomes 



2 

M
et

zg
er

 (2
01

0)
 N

at
ur

e 
R

ev
ie

w
s 

G
en

et
ic

s 
11

:3
1 

M
et

zg
er

 (2
01

0)
 N

at
ur

e 
R

ev
ie

w
s 

G
en

et
ic

s 
11

:3
1 



3 

In general, array-based methods do not provide information on novel 
somatic mutations (there are exceptions: CGH array, re-sequencing arrays) 

Kahvejian et al (2007) Nature Biotechnology 26:1125 

‘Evolution’ of genomic technologies 

Kahvejian et al (2007) Nature Biotechnology 26:1125 

‘Evolution’ of genomic capacity 
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Enter the cancer genome; 
nextgen platforms provide 
an unprecedented 
opportunity to understand 
cancer genetics and 
evolution 

What are the goals? 

www.icgc.org 
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www.icgc.org 

www.icgc.org 
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Whole genome and transcriptome sequencing of MM metastasis and 
lymphoblastoid cell lines from same patient 

Of 292 somatic base substitutions in coding regions, 187 cause amino 
acid changes 

Pleasance et al (2010) Nature 463:191 

Whole genome and transcriptome sequencing of SCLC and 
lymphoblastoid cell lines from same patient 

Of 134 somatic base substitutions in coding regions, 98 cause amino 
acid changes 

Pleasance et al (2010) Nature 463:184 
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Melanoma SCLC 
Pleasance et al (2010) Nature 463:184 Pleasance et al (2010) Nature 463:191 

Staggering range of genomic alterations 

Melanoma SCLC 

Different mutational 
signatures; similar repair 

signatures 

Pleasance et al (2010) Nature 463:184 Pleasance et al (2010) Nature 463:191 
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 Lung cancer after 50 pack-years (7,300 
cigarettes/year, pack a day) 

 Mutation spectra here similar to 
primary lung cancers 

 Clone of cells that gives rise to cancer 
accumulates 1 mutation per 15 
cigarettes 

 Substantial mutation over the 
bronchial tree (cells not cancerous) 

Pleasance et al (2010) Nature 463:184 

Doing the math 

Melanoma SCLC 

Validated insertions 

Validated deletions 

Heterozygous substitutions 

Homozygous substitutions 
Silent 
Missense 
Nonsense 
Splicing 

Copy number 

LOH 

Temporal aspects at 
LOH? 

Pleasance et al (2010) Nature 463:184 Pleasance et al (2010) Nature 463:191 
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  Need to distinguish 
‘drivers’ from passengers’ 
 Known mutations or 
pathways 
 Novel pathways or 
mechanisms; back to the 
bench 

Wei et al (2011) Nature Genetics 43:4442 

Exome sequencing: higher throughput but limited 
genome coverage 

Opportunities for gene and pathway discovery 
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Targeted sequencing of the exome 
 14 matched normal and metastatic tumor DNAs 

(untreated individuals); ‘discovery set’ 
 Targeted exon capture (37Mb/genome; ~1%) 
 Exons and flanking regions from 20,000 genes 
 180-fold coverage (12Gb/genome) 
 Multiple filtering steps to distinguish driver/

passenger mutations 
 Further validation by targeted re-sequencing in 

additional melanoma samples 

Wei et al (2011) Nature Genetics 43:4442 

Limiting the genome content analyzed can afford much higher coverage 

Genes with frequent mutations in 
melanoma 

Identified 16 genes with >2 distinct mutations; further validation in 38 
samples; GRIN2A had a very high frequency (1/3) 

Wei et al (2011) Nature Genetics 43:4442 
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 Unprecedented ability to 
understand cancer evolution 

 New insight & hypotheses for 
cancer biology 
 Mutagenesis 
 Repair 
 Pathways 

 Therapeutics & treatment 
 Personalized therapy 

  Need to consider germline 
variation as well 
 GWAS studies and the role 
of rare alleles; the few vs. 
the many 
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MacGregor et al (2011) Nature Genetics 43:1114 

GWAS: discovery of rare alleles 

Identification of SNPs 

MC1R 
ASIP MTAP/

CDKN2A 

MacGregor et al (2011) Nature Genetics 43:1114 
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Detailed chromosome 1 SNP analysis 

SETDB1 appears as the leading 
candidate; accounts for only 0.1% 
of genetic risk 

MacGregor et al (2011) Nature Genetics 43:1114 

 Development of resistance 

 The next step in clonal 
evolution 
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Wagle et al (2011) Journal of Clinical Oncology 29:3085 

Wagle et al (2011) Journal of Clinical Oncology 29:3085 
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Wagle et al (2011) Journal of Clinical Oncology 29:3085 

Wagle et al (2011) Journal of Clinical Oncology 29:3085 



16 

 Genome complexity 
 Understanding contribution of germline 

variation 
 Drivers vs. Passengers 
 Haploid coverage and the identification of 

rare events (clones) 
 Clonal evolution & development of 

resistance 
 Epigenetic changes (need to analyze in 

parallel); just becoming possible 
 Emerging therapies dependent on genetic 

state of the tumor 
 Move towards PERSONALIZED THERAPY 
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 Further reading (if you’re interested) 
 Implementing genomics into patient 
treatment 

D
an

ce
y 

et
 a

l (
20

12
) C

el
l O

nl
in

e 
fir

st
: F

eb
ru

ar
y 

3 


