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STRATEGY TO REDUCE MORTALITY
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CHALLENGES

x 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 20009.

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

x PPl dynamics is mostly missing

x PDB has only ~60K structures



TARGET LIST INTERPRETATION/PRIORITIZATION
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GCAP14 homolog RAB11A Signatures in Lung Cancer
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ADDRESSING THE GAP

ijjurisica
F

] Ovarian | Prostate | Lung | H&N |
Differential genes in CDIP 0,818 12,985 1,586 2,774

| ovarian |Prostate | Lung | H&N |
Cancer targets in CDIP 9.818 12,985 1,586 2, 7?4

’mm-ﬂl-
40.35% 40.32%) | (38.52%) | (47.91%

orobability from FPClass 0.946 0.946 0.8887 0.930
Average predicted PPI -
orobability from FPClass 0.364

Num
supported by text mining
L with SVM score >0.5




CANCER GENE ENCYCLOPEDIA
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NIH DIRECTOR’S CHALLENGE

~500 lung adenocarc.
Affy U133

same preprocessing
different analyses
blinded validation
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BTSVQ - ALL PATIENTS

. Log rank p=0.0038

Percent survival
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Month

HR(95%C)
1.46(0.99-2.15)
2.07(1.7-2.52)

Histelogy 2 1.08(0.96-1.21)

Age 1.02¢1.006-1.04)

CQ Zhu



NOT AS PROMISING AS IT MAY SEEM
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SYSTEMATIC SIGNATURE SELECTION

Start with N=1 “signature” ~

Rank N-gene K-medians  gyryijval diff test
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x Re-analysing Lau et al., JCO

2007 data with mSD sy T ey T
+ Validated 6 gene signature

(=}

Raponi et al. '06
(sQcc)

Larsen et al. "07
(sacc)

=
]
=]
~
o

=]
@
=
=3
@
=

)
N
&
o
N
]
=
E]
n
1)

10,023
: 59/59

Fraction of Cohort
Fraction of Cohort

2
3

STX1A HIF1IA CCT3 MAFK RNF5 HLA DPB1

0 3 6 9 12

Time (Years)
Number at Risk Number at Risk
Good 78 40 17 Good 45
Poor 22 6 2 Poor 14

Data from
pooled into
pail

x 113 genes in 4 test datasets

Fraction Alive

HR: 1.6
: 7.6 x 1074
: 493/589
8 12

Prognostic gene signatures for non-small-cell Time (Years)

lung cancer

i Liu®, Frances A. Shepl
12




CREB3 PERTQOR.  HiF1a

Qi

‘2 ARHGDIA
EP300
KRT5
ERPINE1
> HNRPAB PAFAH1B3
PNAS-104 >
WFDC2
JOSD3 MYLK CTNND1
HSPG2
ACTR3
PHB 7
ATN1
RUNX1 ®
E2F1 9.
MYST4
TIMP3
C
MMP2
KIAA1128 O
e MAPK 14
HSP90B1 ¥
sTX1AL )
> PRMT1
RABBA
QoH7u1() & Arc
PTP4A3 % UBE1
SCNN1A
"B RAB11A ILF3

SLC2A1 > HEATR2

rrrrrrr



INTEROLOGOUS INTERACTION DATABASE
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OVARIAN CANCER

Probability of survival
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Clin Cancer Res. 2008 Aug 15;14{16):5198-208.
Novel molecular subtypes of serous and endometrioid ovarian cancer linked to clinical outcome.

Tothill BW, Tinker AV, George J, Brown R, Fox 5B, Lade S, Johnson DS, Trivett MK, Etemadmoghadam D, Locandro B, Traficante N, Fereday S, Hung JA
Chiew %E, Haviv |, Australian Ovarian Cancer Study Group, Gertig D, DeFazio A, Bowtell DD.

30 40
Months to Death

Independent Validation

col. 2007 Feb 10:2!

tegrated genomic-based approach to individualized treatment of patients with advanced-stage
ovarian cancer.

Dressman HK, Berchuck A, Chan G, Zhai J, Bild A, Sayer R, Cragun J, Clarke J, Whitaker RS, Li L, Gray J, Marks J, Ginsburg GS, Potti A, West M, Nevins.
IR, Lancaster JM.




10 Jan;38{Database issue):D718-25. Epub 2009 Mov 24

GeneSigDB--a curated database of gene expression signatures.

Culhane AC, Schwarzl T, Sultana R, Picard KC, Picard 3C, Lu TH, Franklin KR, French 5J, Papenhausen G, Correll M

Dressman et al. hazard ratio

10 12 14 16 1.8 20 22 24

Tothill et al. test set hazard ratio

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.
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CANCER INTERACTOME

x Thousands of prognostic/predictive signatures

need to be integrated, prioritized & understood
(Lau et al., JCO, 2007; Boutros et al., PNAS, 2009)

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

x HTP methods detect individually 25-35% of

Interactions and combined 59% of interactions
(Braun et al., Nat Methods, 2009)

x Data mining can essentially eliminate this gap



SPARSE INTERACTOME

x 12D
+ 5,665 SwissProt proteins with 0 PPIs
+ 3,563 proteins with only 1 known PPI
+ 1,141 proteins only predicted PPIs

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

x Determine interaction scores for all pairs of proteins
In UniProt: ~2.6 billion protein pairs



PREDICTING PPIS

domains that rarely

rrel n rthol in th : .y
corre a_ted gene orthologs ¢ tf € occur in non- similar GO
€Xpression across Same Set 0 interacting protein annotation
human tissues species -
\ \ o
Protein Gene Co- Ortholog Domains GO (Semantic Similarity) Interacts
Pair expression Co-occurrence | (log odds) | Local | Function | Process
30.363 P08133 -0.041 -0.285 3.906 0.166 | 0.041 1.000 1
_ human P55327
interactions :
303,630 P17612 0
random human ,
protein pairs P98175
. Association mining algorithm identifies sets of features that occur predominantly in PPIs.

. Decision tree algorithm is then used to predict PPIs.
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DATA MINING & HTP VALIDATION

Protein interaction pairs

Lumier

- 41%

wMNAPPA

Lumier
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Individual HTP: 25-35% interactions All HTP combined: 59% interactions
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TEXT MINING & CURATION

x 176,075 known and predicted PPIs in 12D

+ 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

x 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.

x Journal “PPI value:

+ JBC: 2,093; Mol Cell Bio: 480; Oncogene: 302; J Immunol:
239; Blood: 152; Nature: 116; Cancer Res: 98.
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Proportion without relapse

VALIDATING 6,631 PREDICTED PPIS
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RESEARCH ARTICLE o . .
: Science Signaling

CELLBIOLOGY
Regulation of Epidermal Growth Factor Receptor
Trafficking by Lysine Deacetylase HDAC6

Yonathan Lissanu Deribe,' Philipp Wild,' Akhila Chandrashaker,?
Jasna Curak,® Mirko H. H. Schmidt," Yannis Kalaidzidis,>* Natasa Milutinovic,?

Irina Kratchmarova,® Lukas Buerkle,>” Michael J. Fetchko,® Philipp Schmidt,’
Saranya Kittanakom,® Kevin R. Brown,® Igor Jurisica,®*®'® Blagoy Blagoev,®
Marino Zerial,? Igor Stagljar,®* Ivan Dikic''"'2*
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