
Reconstruc*ng	  Human	  Tumor	  
Histories	  By	  Comparing	  Genomes	  
From	  Different	  Parts	  of	  the	  Same	  

Cancer	  

Darryl	  Shibata	  
Professor	  of	  Pathology	  
University	  of	  Southern	  California	  
Keck	  School	  of	  Medicine	  
dshibata@usc.edu	  



Soma*c	  Evolu*on	  in	  the	  Clinic	  

•  Widely	  Accepted	  That	  Tumors	  Evolve	  
•  Many	  Different	  Possible	  Pathways	  
•  Serial	  Observa*ons	  Imprac*cal	  
•  A	  Pa*ent	  “Suddenly”	  Has	  Cancer	  
•  Clinical	  Ques*ons	  (Pa*ent	  Specific):	  
	  	  	  -‐-‐-‐	  How	  Did	  This	  Tumor	  Evolve?	  
	  	  	  -‐-‐-‐	  Do	  Different	  Evolu*onary	  Histories	  MaWer?	  	  



An	  Approach	  To	  Pa*ent	  Specific	  
Tumor	  Histories	  

•  Coalescent	  Theory	  
•  “Molecular	  Clocks”	  
•  Topography	  
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A	  Problem:	  The	  Evolu*on	  of	  Any	  
Individual	  Human	  Cancer	  is	  Unknown	  



Colorectal	  Cancer:	  Adenocarcinoma	  
(small	  glands	  or	  popula2ons	  

or	  neighborhoods	  of	  adjacent	  cells)	  



How	  To	  Sample	  Tumor	  Diversity?	  

EDTA	  Washout:	  Single	  Cancer	  Glands	  
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How	  To	  Sample	  Tumor	  Diversity?	  
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Somatic Cell Molecular Clock 
Problems:  
--- Somatic Cell DNA Replication Fidelity  
     Too High! 

CGATCTGCATCGACTGCCGCG 
GCTAGACGTAGCTGACGGCGC 

Potential Solution: Epigenetic Molecular Clock 

CGATCTGCATCGACTGCCGCG 
GCTAGACGTAGCTGACGGCGC 

5’ 3’ 

Substitute the 5’ to 3’ Order of Bases 
With the 5’ to 3’ Order of CpG DNA Methylation 
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Human	  Colorectal	  Cancer	  
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Simple	  Models	  of	  Tumor	  Growth	  
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Molecular	  Clocks:	  Different	  “Speeds”	  
1) DNA	  CpG	  Methyla*on	  (Epigene*c	  )	  
2) Chromosomal	  Copy	  Number	  (“CIN”)	  
3) Loss	  of	  Heterozygosity	  	  (LOH)	  
4) DNA	  Sequence	  Muta*ons	  

Fast	  

Slow	  

Challenge	  Is	  to	  Gather	  the	  Data	  
And	  Then	  Interpret	  the	  Data	  

Illumina	  660	  SNP	  Microarray	  
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An	  Approach	  To	  Pa*ent	  Specific	  
Tumor	  Histories	  

•  Coalescent	  Theory	  
•  “Molecular	  Clocks”	  
•  Topography	  
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Genomes	  Are	  “Historical”	  Documents	  
(almost	  perfect	  copies	  of	  copies)	  


