
Target Discovery in Oncomine:

Integrating –omics data to

prioritize targets

Dan Rhodes

May 28, 2008



Agenda

What makes a good target?

Available data
Gene expression

DNA copy number

Somatic mutations

Functional screens

Three target discovery analyses that integrate
data types



What makes a good target?

Druggable

Mutated in cancer

Driver vs. passenger

Over-expressed in cancer

Necessary role in tumorigenesis

Functional dependence / vulnerability



Descriptive & Functional Genomics

Mutation Types

Amplifications / Deletions

aCGH, gene expression

Point mutations

Sequencing

Translocations

Cytogenetics, sequencing, gene expression

Functional dependence / vulnerability

siRNA / shRNA screens



High-level DNA amplifications

Array CGH

Minimal common region analysis

COPA applied to DNA copy number

Co-amplified with genomic neighbors

Examples

EGFR in glioblastoma

ERBB2 in breast cancer



Somatic Mutations

COSMIC Cancer Gene Census

Causal cancer genes

Literature-review

Translocations

Dominant mutations

Recessive mutations



Somatic Mutations

Sanger Kinase Screen

Coding sequence

518 kinases

25 breast cancers



Somatic Mutations

Full genome sequencing

11 breast & 11 colon tumors

13,000 genes

CAN genes



Functional dependence

shRNA screens

mRNAs necessary for viability of cell lines

Large pools of shRNA transfected into cell lines

Dropout screen via barcode microarray



shRNA Screen #1

Schlabach et al, Science, 2008



shRNA Screen #2

Silva et al, 

Science, 2008



Analysis #1

Are there well known causal cancer genes that show

marked over-expression / DNA copy number change in

additional cancer subsets?

Activating mutation (excluding translocations) OR High-level

amplification

Identify additional patient populations with driver mutation

          Dominant Mutations

ABL1 FLT3 MYCL1

AKT2 GATA1 MYCN

ARHGAP26 GNAS NOTCH1

BCL6 GOPC NPM1

BRAF HRAS NRAS

CDK4 JAK2 PDGFRA

CEBPA KIT PIK3CA

CTNNB1 KRAS PRKAR1A

EGFR MET PTPN11

ERBB2 MLL REL

FGFR2 MPL RET

FGFR3 MYC SMO

TSHR

aCGH Data

Prostate Cancer

Breast Cancer

Glioblastoma

Pancreatic Cancer

Ewing's Sarcoma

T-Cell Leukemia

Small Cell Lung Cancer



Analysis #1 Results
Study Name Gene Amplification Rank

Maser_Brain EGFR 1

Kotliarov_Brain EGFR 1

Pollack_Breast ERBB2 2

Maser_Brain PDGFRA 4

Maser_Pancreas KRAS 7

Maser_Brain KIT 12

Pollack_Breast MYC 48

Maser_Brain CDK4 58

Lapointe_Prostate_2 CDK4 76

Pollack_Breast GNAS 81



Analysis #1 Followup

DNA / mRNA correlation

High-level DNA amplifications of oncogenes should

show evidence for over-expression in the same cases



Analysis #1b

Are there causal cancer genes (including

translocations) that show high-level

amplification in cancer subsets?

Study Name Gene Amplification Rank

Pollack_Breast ERBB2 2

Pollack_Breast FGFR1 26

Pollack_Breast CLTC 52

Pollack_Breast MSH2 69

Pollack_Breast GNAS 81

Pollack_Breast PATZ1 82

• FGFR1 involved in translocations in

NHL and MPD



Analysis #1c

Are there causal cancer genes markedly over-

expressed in cancer subsets?

Cancer Type # Studies Gene Best COPA Rank

Breast 19 ERBB2 6

Prostate 8 ERG 2

Leukemia 7 PBX1 1

Myeloma 6 FGFR3 1

Leukemia 6 HOXA9 2

Leukemia 5 IGL@ 31

Leukemia 5 MYH11 25

Leukemia 5 HOXA11 36

Breast 5 SSX2 30

Breast 5 HOXA9 42

Myeloma 5 WHSC1 1

Brain 5 TRD@ 5

Brain 5 HOXA9 5

Breast 5 IGL@ 16

Leukemia 4 MUC1 14

Brain 4 IGL@ 4

Sarcoma 4 MYH11 1

Leukemia 4 EVI1 8

Prostate 4 ETV1 1

Leukemia 4 MAF 9

Breast 4 EGFR 12

Cancer Type # Studies Gene Best COPA Rank

Lymphoma 3 KIT 41

Leukemia 3 RUNX1T1 1

Myeloma 3 CCND1 10

Myeloma 3 MAF 22

Bladder 3 FGFR1 78

Breast 3 TCL1A 18

Breast 3 NUMA1 6

Breast 3 NTRK3 75

Breast 3 MYH11 14

Breast 3 SMOX 8

Brain 3 TRA@ 2

Brain 3 GPC3 25

Brain 3 CHN1 11

Brain 3 EGFR 9

Lung 2 CBL 16

Lung 2 WT1 36

Lung 2 BIRC3 84

Lung 2 MYH11 41

Brain 2 PAX3 46

Brain 2 HMGA2 67

Colon 2 SET 38

Colon 2 EGFR 67

Colon 2 PPBP 5

Liver 2 PML 48



Related Questions

Large scale tumor sequencing efforts often

identify rare mutations

Difficult to discern drivers from passengers

Evidence for high-level amplification or over-

expression in subsets provides additional

evidence

e.g. EGFR mutation or high-level amplification



Analysis #2

Can functional genomics data serve as a filter

to identify amplified / over-expressed genes

that are drivers of cancer?



Amplified & Functional Driver

Genes with significant DNA amplifications &

evidence for functional relevance

Enrichment for known oncogenes
Study # shRNA Gene Amplification Rank

Maser_Brain 3 EGFR 1

Kotliarov_Brain 3 EGFR 1

Maser_Pancreas 1 KRAS 7

Lapointe_Prostate_2 3 CASP3 10

Pollack_Breast 1 PSMB3 11

Maser_Brain 1 KIT 12

Maser_Pancreas 1 BPTF 12

Maser_Brain 1 KDR 14

Lapointe_Prostate_2 1 AKT3 14

Pollack_Breast 2 ZNF217 15

Maser_Brain 1 PPP1R15B 17

Lapointe_Prostate_2 1 TNFRSF1A 19

Maser_Brain 1 MDM4 23

Lapointe_Prostate_2 1 SMARCA2 23

Kotliarov_Brain 2 PRPS2 24

Maser_Brain 2 PIK3C2B 26

Pollack_Breast 1 FGFR1 26

Kotliarov_Brain 2 NR0B1 27

Kotliarov_Brain 1 COL9A1 27

Pollack_Breast 2 RAD51C 28

Maser_Pancreas 1 CDH18 32

Pollack_Breast 1 STK3 32

Pollack_Breast 2 PCK1 38

Pollack_Breast 2 MYC 39

Kotliarov_Brain 2 NBN 39



Colon Cancer

Functional relevance & over-expressed in

subsets

Reduced viability when genes are targeted by shRNA

Gene COPA Score Datasets

MDM2 70 2

PCNA 26 1

PKM2 96 1

SAE1 61 1

COPS4 87 1

MAPKAPK5 57 1

EIF3B 76 1

EIF3E 91 1

EWSR1 94 1

PEA15 76 1

PRPS2 36 1

PPP1R7 93 1

MYC 53 1

CUL4A 73 1



Analysis #3

Can functional data serve as a filter to identify

driver mutations from mutation screens?

Breast & Colon CAN genes

Sanger kinase mutation screen



CAN Genes

Breast Cancer
Gene Name # shRNA

HDAC4 histone deacetylase 4 2

PRPF4B PRP4 pre-mRNA processing factor 4 homolog B (yeast) 2

BRCA1 breast cancer 1, early onset 2

ANAPC2 anaphase promoting complex subunit 2 2

ABCB10 ATP-binding cassette, sub-family B (MDR/TAP), member 10 2

KIAA0999 KIAA0999 protein 2

COL11A1 collagen, type XI, alpha 1 1

MAP3K6 mitogen-activated protein kinase kinase kinase 6 1

GPNMB glycoprotein (transmembrane) nmb 1

EGFL6 EGF-like-domain, multiple 6 1

PIGU phosphatidylinositol glycan anchor biosynthesis, class U 1

KEAP1 kelch-like ECH-associated protein 1 1

Colon Cancer
Gene Name # shRNA

UHRF2 ubiquitin-like, containing PHD and RING finger domains, 2 1

FBXW7 F-box and WD repeat domain containing 7 1

• Genes with somatic mutations & functional dependence



Kinase Screen

Gene Name # shRNA

CASK calcium/calmodulin-dependent serine protein kinase (MAGUK family) 4

JAK1 Janus kinase 1 (a protein tyrosine kinase) 4

PIM2 pim-2 oncogene 4

PRPF4B PRP4 pre-mRNA processing factor 4 homolog B (yeast) 4

CDKL5 cyclin-dependent kinase-like 5 4

TRRAP transformation/transcription domain-associated protein 4

PLK1 polo-like kinase 1 (Drosophila) 4

GAK cyclin G associated kinase 3

ICK intestinal cell (MAK-like) kinase 3

TTK TTK protein kinase 3

DDR1 discoidin domain receptor family, member 1 3

PKN1 protein kinase N1 3

RAF1 v-raf-1 murine leukemia viral oncogene homolog 1 3

MAPK15 mitogen-activated protein kinase 15 3

DAPK1 death-associated protein kinase 1 3

ERBB4 v-erb-a erythroblastic leukemia viral oncogene homolog 4 (avian) 3

LMTK3 lemur tyrosine kinase 3 3

STK16 serine/threonine kinase 16 3

CAMKK2 calcium/calmodulin-dependent protein kinase kinase 2, beta 3

MAP3K3 mitogen-activated protein kinase kinase kinase 3 3

ULK1 unc-51-like kinase 1 (C. elegans) 3

• Kinases with somatic mutations & functional dependence



Putting it all together

Target characteristics

Druggable – kinases, etc.

Over-expressed in cancer

Somatic mutations in cancer

Functional dependence

Ex: CASK

Kinase mutation screen

Multiple lines with functional

dependence

Widely over-expressed in

certain cancer types

Glioblastoma, cervical, head

& neck, seminoma, bladder,

liver



Summary

Multiple levels of genomic data should be

considered in target discovery

Gene expression

DNA copy number

Somatic mutations

Functional screens

Integrated analysis approaches are necessary to

fully utilize diverse genomic data

Filtering is just the first step



Summary #2

Improved Datasets

aCGH – increased resolution, more samples

Functional screens – increased shRNA library size,

more cell lines

Mutation sequencing – larger patient cohorts

Integrated Datasets

Same samples profiled by multiple genomic

technologies

Tumors – aCGH, gene expression, methylation, mutation

sequencing, miRNA expression

Cell Lines – AND functional screens



Oncomine Access

Register at www.oncomine.org

Freely available to academic researchers

360 Studies

25,000+ arrays

Data you’d like to see in

Oncomine?

Check catalog

Profile search for first author

Tell us:

support@compendiabio.com


