
SYSTEMATIC IDENTIFICATION AND 
CHARACTERIZATION OF CANCER BIOMARKERS
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STRATEGY TO REDUCE MORTALITY

 Increase number of cases 
diagnosed at earlier stage
 Biomarkers for early detection

 Individualized treatment
 Biomarkers for treatment 

selection & monitoring

 Improved treatment
 Understanding disease 

mechanism
 New medicines 12 24 36 48 600
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CHALLENGES

 Signatures do not overlap
 most do not validate on external datasets
- Subramanian & Simon JNCI, 2010
- Ein-Dor et al. PNAS 2006
- Shedden et al. Nat Med 2008
- Lau et al., JCO 2007, Boutros et al. PNAS 2009. 

 Interactomes comprise false positives and FALSE NEGATIVES
 ~40% of signature genes do not have known PPIs 

 PPI dynamics is mostly missing

 PDB has only ~60K structures



TARGET LIST INTERPRETATION/PRIORITIZATION
Study Year NSCLC histology1 Gene set utility2 Platform3

# of probes
or genes4

Garber et al. 2001 ADC Prognostic Stanford 24K 32

Beer et al. 2002 ADC Prognostic Hu6800 50

Bhattacharjee et al. 2002 NSCLC Prognostic U95Av2 25

Wigle et al. 2002 NSCLC Prognostic OCI 15

Yamagata et al. 2003 NSCLC Differential/prognostic Custom 1

Blackhall et al. 2004 NSCLC Prognostic RT-qPCR 11

Endoh et al. 2004 ADC Prognostic RT-qPCR 8

Liu et al. 2004 NSCLC Prognostic OCI 8

Tomida et al. 2004 NSCLC Prognostic Invitrogen 40

Chen et al.6 2006 NSCLC Prognostic RT-qPCR 16

Gou et al.7 2006 ADC Prognostic Hu6800 37

Lu et al.8 2006 NSCLC Prognostic Cross-platform 124

Potti et al. 2006 SCC,ADC Prognostic U133plus2 133

Raponi et al. 2006 ADC Prognostic Hu6800 50

Raponi et al. 2006 SCC Prognostic U133A 50

Bianchi et al. 2007 ADC Prognostic RT-qPCR 10

Kim et al. 2007 NSCLC Differential RT-qPCR 7

Larsen et al. 2007 ADC Prognostic 22kOperon v2.0 54

Larsen et al. 2007 SCC Prognostic 22kOperon v2.1 111

Lau et al.9 2007 NSCLC Prognostic RT-qPCR 3(5)

Individual 810 2004-2007 NSCLC Prognositc/Model N/A 8

Zhu2611 2008 ADC Prognostic U133A 26

Zhu4211 2008 ADC Prognostic U133A 42

Shedden 2008 ADC Prognostic U133A 496
1354



ADDRESSING THE GAP



CANCER GENE ENCYCLOPEDIA
WORKFLOW
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NIH DIRECTOR’S CHALLENGE
- ~500 lung adenocarc.
- Affy U133
- same preprocessing
- different analyses
- blinded validation

HARV MOFF MICH MSKC

MICH MSKC MOFF HARV MICH MSKC MOFF HARV

MICH MSKC MOFF HARV



BTSVQ – ALL PATIENTS

CQ Zhu 



NOT AS PROMISING AS IT MAY SEEM

Histology

Site

Stage

Differentiation

CQ Zhu 



SYSTEMATIC SIGNATURE SELECTION

K-medians
clustering

Survival diff testRank N-gene
signatures

Select the best

N+1
gene
signatures

Final signature

Evaluate the signature

Start with N=1 “signature”

Improvement?
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THERE IS MORE THAN ONE SIGNATURE

 Re-analysing Lau et al., JCO
2007 data with mSD
 Validated 6 gene signature

 113 genes in 4 test datasets



THERE IS MORE THAN ONE SIGNATURE

 Test 10M 6-gene permutations
 16.4% of all 6-gene signatures 

are significant (P<0.05)
 3.28-fold greater than expected by 

chance
 1,789 signatures perform better 

across all 4 validation datasets

 16 genes are frequently in 
good signatures
 16 genes are not the most 

differential
 BEST SUPPORTING ACTORS



Source Interactions: 240,650 
Predicted Interactions: 215,397 
Total Interactions: 448,326 



Blue Cancer vs. Normal
Yellow Cancer vs. cancer
Magenta Prognosis
Cyan Androgen response
Orange PSA related
Pink Drug/treatment effect

• 12,975 unique genes

• 60% or more in one direction &
at least ≥6 studies in one 

direction
• UP 198
• DOWN 408 

Gene from Max number of studies : NBL1 (8↑ & 11↓)

Gene with Max Ups : Myc (14↑ & 2↓)
Gene with 100% Up (max #studies) : NEURL (9↑)

Gene with Max Downs : MYLK (14↓ & 4↑)
Gene with 100% Down (max #studies) : SERPINB1 (11↓)

CGH data:
Amplification : 3q (3q27.3, 3q27.2, 3q27.1, 3q26.33, 3q26.32, 3q26.31, 3q29, 3q28, 
3q23) 
Deletion : 10p, 14p, 15q/p (15q11.1, 14p13, 14p12, 14p11.2, 14p11.1, 10p15.3, 10p15.2, 10p15.1, 15p13, 15p12, 15p11.2, 15p11.1, 10p14, 10p13



Training Independent Validation

OVARIAN CANCER



EOC PROGNOSTIC SIGNATURES

k-means clustering (k=2) to compare the hazard ratio of the 
proposed risk score to signatures from 28 papers.
Publication #27 used some of the same samples as the Dressman 
et al. paper, so its performance is not an independent validation.

plot ID PMID
1 11779836
2 12067990
3 12629520
4 14522886
5 14556934
6 14871800
7 14996724
8 15505275
9 15661559

10 15788660
11 16204010
12 16287073
13 16404635
14 16421595
15 16557592
16 16964388
17 16969345
18 17072343
19 17177833
20 17254359
21 17346539
22 18398031
23 18593951
24 18687136
25 19112514
26 19192944
27 19318476
28 19440550

0    proposed signature

1-28    signatures from 28 papers



CANCER INTERACTOME

 Thousands of prognostic/predictive signatures 
need to be integrated, prioritized & understood
(Lau et al., JCO, 2007; Boutros et al., PNAS, 2009)

 ~40% of cancer-related proteins lack interactions
(CDIP)

 HTP methods detect individually 25-35% of 
interactions and combined 59% of interactions
(Braun et al., Nat Methods, 2009)

 Data mining can essentially eliminate this gap



SPARSE INTERACTOME

 I2D
 5,665 SwissProt proteins with 0 PPIs
 3,563 proteins with only 1 known PPI
 1,141 proteins only predicted PPIs

 UniProt (SwissProt/Trembl)
 74,946 proteins with primary IDs (Dec, 2008)
 36,899 proteins with non-redundant sequences
 23,013 protein fragments

 Determine interaction scores for all pairs of proteins 
in UniProt: ~2.6 billion protein pairs



PREDICTING PPIS

Protein 
Pair

Gene Co-
expression

Ortholog
Co-occurrence

Domains
(log odds)

GO (Semantic Similarity) Interacts
Local Function Process

P08133
, 

P55327

-0.041 -0.285 3.906 0.166 0.041 1.000 1
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: : : : : : : :

P17612
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0
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30,363 
human 

interactions 

303,630 
random human 

protein pairs 

• Association mining algorithm identifies sets of features that occur predominantly in PPIs.
• Decision tree algorithm is then used to predict PPIs.

correlated gene 
expression across 

human tissues

….

orthologs in the 
same set of 

species

domains that rarely 
occur in non-

interacting protein 
pairs

similar GO 
annotation



FPCLASS
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COMPUTATIONAL COMPARISON



DATA MINING & HTP VALIDATION

Individual HTP: 25-35% interactions
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TEXT MINING & CURATION

 176,075 known and predicted PPIs in I2D
 113,230 had no evidence and 62,845 had some evidence from 

text mining
 9,398 abstracts had SVM score >0.5, of which 6,290 

manuscripts published prior to 2003 and 8,847 prior to 2006
 these 9,398 abstracts cover 13,800 unique PPIs

 Distribution across journals covered by IMEx:
 Cancer Cell: 1; Cell: 81; EMBO J: 213; EMBO Rep: 21; FEBS 

Let: 157; Nat Struct Mol Biol: 5; PNAS: 349; Biochem Biophys 
Res Commun: 308. 

 Journal “PPI value”:
 JBC: 2,093; Mol Cell Bio: 480; Oncogene: 302; J Immunol: 

239; Blood: 152; Nature: 116; Cancer Res: 98. 



74,944 x 74,944 predictions 14,602 proteins, 107,652 interactions

Filter probability >50%

111,130 interactions
8,232 proteins

Text Mining:
43.2% sensitivity
70.2% specificity

Evidence for ~67%
New evidence for ~40%
Avg. from 1.05 to 9.5

87% proteome 
coverage



SVM   Co-occurrence
OVARIAN         56      631
PROSTATE        33      799 
LUNG            3       37

VALIDATING 6,631 PREDICTED PPIS
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DISCOVERY PIPELINE
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CONCLUSIONS

 The most differential genes are not the best 
biomarkers

 Signatures do not overlap because of many 
alternatives (process, data, signatures)

 We need Open Access  &  “Open Data” !!!
 ISCB

∫ (data, methods)

Size Does Matter
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