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Issues:	
  

•  What	
  do	
  prognos'c	
  signature	
  tell	
  us?	
  
•  Cancer	
  “landslide”	
  

•  What	
  don’t	
  they	
  tell	
  us?	
  
•  Li/le	
  overlap	
  between	
  genes	
  in	
  signatures	
  

•  Many	
  possible	
  signatures	
  with	
  similar	
  predic<ve	
  power	
  

•  Signatures	
  for	
  unrelated	
  phenotypes	
  have	
  similar	
  
predic<ve	
  power	
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Overlap	
  between	
  signatures	
  

From	
  33	
  breast	
  cancer	
  signatures:	
  
–  2,239	
  genes	
  present	
  in	
  at	
  least	
  one	
  
signature	
  

–  238	
  overlap	
  in	
  at	
  least	
  two	
  signatures	
  
(10.6%)	
  

–  62	
  overlap	
  at	
  least	
  three	
  signatures	
  
–  1	
  gene	
  overlaps	
  eight	
  signatures	
  
(MKI67/prolifera<on)	
  

– GO	
  terms	
  a	
  bit	
  be/er:	
  	
  
•  988	
  unique	
  func<on	
  term	
  significant	
  in	
  at	
  least	
  
one	
  signature	
  

•  195	
  overlap	
  2	
  (20%);	
  29	
  overlap	
  7	
  2	
  

Huang,	
  Murphy,	
  Xu	
  2018	
  



Many	
  possible	
  
signatures	
  

van’t	
  Veer	
  70	
  gene	
  signature	
  derived	
  from	
  5,852	
  expressed	
  
genes	
  
–  Published	
  signature:70	
  genes	
  most	
  correlated	
  with	
  survival	
  
–  Randomly	
  sampled	
  70-­‐gene	
  signatures:	
  of	
  10,000	
  random	
  
70-­‐gene	
  signatures,	
  2,905	
  (29%)	
  perform	
  be/er	
  than	
  
published	
  signature	
  

–  Even	
  signatures	
  composed	
  mostly	
  of	
  lowly	
  correlated	
  genes	
  
predict	
  survival	
  (Ein-­‐Dor	
  et	
  al	
  2004)	
  

– Why?	
  
•  Many	
  genes	
  correlated	
  with	
  survival	
  
•  Differences	
  in	
  correla<ons	
  are	
  small	
  
•  Correla<on	
  fluctuate	
  depending	
  which	
  exact	
  samples	
  are	
  used	
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Post-­‐prandial	
  
laughter	
  

Localiza<on	
  of	
  
skin	
  fibroblasts	
  

Social	
  defeat	
  
in	
  mice	
  

Signature	
  for	
  unrelated	
  phenotypes	
  are	
  
predic've	
  



Digression:	
  MSigDB	
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Most	
  random	
  signatures	
  
predict	
  survival	
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SigCheck	
  Bioconductor	
  package	
  



8	
  

Using	
  SigCheck	
  

•  Provide:	
  
•  ExpressionSet	
  (or	
  SummarizedExperiment)	
  object	
  
•  Feature	
  annota<on	
  
•  Survival	
  metadata	
  

–  Gene	
  signature	
  
•  Analyses	
  

•  Compare	
  to	
  random	
  signature	
  of	
  the	
  same	
  length	
  
•  Useful	
  for	
  exploring	
  inherent	
  predic<on	
  power	
  of	
  a	
  dataset	
  

•  Compare	
  to	
  database	
  of	
  exis<ng	
  signatures	
  
•  Check	
  signature	
  against	
  permuted	
  data	
  

•  Also	
  incorporates	
  MLInterfaces	
  package	
  for	
  classifica<on	
  



Example:	
  NKI	
  (van’t	
  Veer)	
  Breast	
  Cancer	
  Signature	
  
(70	
  genes)	
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p	
  =	
  1.09e-­‐08	
   p	
  =	
  6.0e-­‐05	
  



NKI	
  Signature	
  Performance	
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How	
  can	
  signature	
  be	
  enriched	
  for	
  biological	
  
meaningful	
  (driver)	
  genes?	
  
Use	
  biological	
  criteria,	
  not	
  just	
  sta's'cal	
  
analysis,	
  in	
  selec'ng	
  genes	
  
–  Transcrip<on	
  Factor	
  binding	
  (ChIP)	
  
–  Epigene<c	
  marks	
  
–  Deeper	
  integra<on	
  of	
  func<onal	
  
genomics	
  data	
  

	
  
Beyond	
  genes	
  
–  Pathways/func<ons	
  
–  ARACNe:	
  network	
  analysis	
  of	
  
regulons	
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Enriching	
  for	
  driver	
  genes	
  
	
  

Expression	
  data:	
  Loi	
  
et	
  al.	
  

•  Signature	
  composed	
  of	
  genes	
  within	
  20kb	
  of	
  DB	
  sites	
  
•  265	
  genes	
  in	
  Poor	
  outcome	
  signature	
  
•  109	
  genes	
  in	
  Good	
  outcome	
  signature	
  

•  Classifier	
  based	
  on	
  up/down	
  regula<on	
  in	
  mRNA	
  expression	
  sets	
  
•  Validated	
  in	
  7	
  publicly	
  available	
  BC	
  expression	
  datasets	
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