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Outline

* High-throughput visualization w/ the UCSC
Cancer Genomics Browser

* |dentifying patient-specific pathway alterations
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UCSC Cancer Genomics Browser
genome-cancer.ucsc.edu
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I-SPY TRIAL

Breast Cancer Clinical Trial
https://instinct1.cse.ucsc.edu
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Stem Cell Browser
(D. Carlin)
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TCGA

The Cancer Genome Atlas
https://tcgal.cse.ucsc.edu
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Open Source:
First public deposit Oct. 2007
Public access portal:

UCSC Cancer
Genomics
Browser

All major published studies

-

SU2C Dream Team

Stand Up to Cancer
https://genome-cancer-
su2c.cse.ucsc.edu

~

/

Immuno Browser
(K. Roskin)



UCSC Cancer Informatics Group Aims

Secure database to manage and communicate data
for national cancer projects (TCGA, SU2C, I-SPY)

Web interface to help browse and download the data
(and results and models...).

Integrated tools to detect and display altered
pathways.

Predictors of specific patient subsets based on omics
and pathway-level data.

Recommend drugs based on patient-specific
pathway alterations



UCSC Cancer
Genomics Browser

Simultaneously display patient
genomic and clinical data from
multiple studies

Highly configurable display

Growing list of available
genome-wide statistical tests

Integrated with popular UCSC
Genome Browser and its vast
store of genomic information

Compatible with all modern web
browsers

jQuery Javascript Frontend
Robust C / MySQL Server
Backend

Distributed Databases
Multi-level Data Security Model
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UCSC Cancer Genome Heatmaps

Breast Cancer Amplified / Deleted Regions
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Genome/clinical heatmap view
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Genomic View of Copy Number Data

Breast Cancer Amplified / Deleted Regions
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UCSC Cancer
Genomics Browser

. Simultaneously
display patient
genomic and
clinical data from
multiple studies

+ Highly
configurable
interactive
display

Online genome-
wide statistical
tests

Public Browser:
genome-cancer.ucsc.edu

TCGA Browser with
secured access control:
tcga.cse.ucsc.edu

Home Cancer Genomics Genomes Help

UCSC Cancer Genomics Heatmaps
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Further zoom takes vou to the
corresponding region in the UCSC
Human Genome Browser
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Subgroup Samples using Clinical
Features

Feature Setting

Feature Setting
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Genome/clinical heatmap view
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Zooming in on the heatmap
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Pathways as genetic uni
Comnze [
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Selecting Pathway or Geneset

Display As

Role of ERBB2 in Signal Transduction and Oncology
Genesets ;“

Pathway information provided by BioCarta
Display Options
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Geneset View: Deletions, duplications and mutations disrupt

interacting pathways of genes
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TCGA Research Network, Nature 2008




Outline

* High-throughput visualization w/ the UCSC
Cancer Genomics Browser

* |dentifying patient-specific pathway alterations

* |dentifying novel pathway interactions w/ genetic
knock-outs
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Patient-specific alterations for

known pathways

Collect publicly available pathways (NCI,
WikiPathways, KEGG, ...)

Convert to graphical model

Infer pathway “entities” for each patient
sample

- e.g. gene activities, apoptosis, DNA repair,
small molecules, complexes, etc.

Train classifiers w/ pathway activities

e E.g. 3-year disease-free survival



PARADIGM Overview
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Integration Model

Array CGH
Transcriptional SNP chips
Regulation
Transcriptomics

Expression
State

Translational
Regulation,
Protein Degradatio

Intracellular and
Extracellular
Signaling

Protein
Activity
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Pathway Activities

/_ Transcriptional
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Pathway Components

@ Transcriptional
@ Regulation
Alternate
Genes
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Pathway Context
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Inferred Pathway Activities

P(D,x;=s|®)
log( 5Dz 2s[®))

L(i’ S) B P(z;=s|®) D
log( P(x;#s|®) )
L(i,1) L@3,1)>L(@1,-1) and L(1,1)>L(1,0)
IPA(7) = —L(¢,—1) L(@,-1)>L(@,1) and L(i,-1)>L(1,0)
0 otherwise.
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Ovarian Cancer
Inferred Pathway Activities
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FOXM1 pathway altered
iIn majority of OV patients

FOXM1 Transcription Network
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FOXM1 Pathway Significance

FOXM1 transcription factor network -- 247 samples

(83)
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» Significance assessed w/ simulated networks

 TF known to play a role in many cancers
iIncluding breast and cervical cancers.
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FOXM1 Amplification Leads to Secondary
Responses Predicted by its Pathway Interactions
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CircleMap of FOXM1 Transcription Factor
and Targets

VIPAS From PARADIGM

%‘/ Expression vs. Fallopian Normal
—
S~ Copy Number Variation

Each tickmark around the circle
represents a single sample
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FOXM1 central to
DNA repair and cell proliferation

Cell Cycle \l" BIRC5 o
Progression J ; :

( DNA Repair )
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Predict Platinum Sensitivity with
Machine-Learning Classifiers

» Are any pathway entities correlated with
Platinum response?

» Can we train a classifier to use a combination of
activities to improve prediction of platinum
sensitivity?

Adv in Bioinf and Genomics,
Feb 19, 2010



Pathway Entities (Pathway Name)

Pathway Entities Improve Platinum Sensitivity Predictions

Top Predictive Pathway Entities for Platinum Sensitivity
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Predict on Patient Sub-groups

» Classifiers forced to make a prediction for all patients are
not highly accurate (75%).

» Can we accurately classify a subset of patients?
» |ldea: allow classifiers to return “I don’t know” for a
sample.

» A two-step classifer: 1) Decide if sample is classifiable; 2) If so,
classify as sensitive/insensitive

» We can predict, at ~90% accuracy for 23% of the
samples (35 out of 153)

» 22 predicted as low (1 incorrect)
» 12 predicted as high (4 incorrect)

» (Still working on this; results are preliminary)

Adv in Bioinf and Genomics, Feb 19,
2010



PARADIGM Outputs (IPAs) Create
Obvious Clusters in GBM




GBM Clusters Significantly Separate
Patients on Survival
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Top Ovarian Cancer Features Using Pathway Scores

Samples

Resistant Sensitive

CD4 (Arf1 pathway)

CD4 (IL12-mediated signaling events)

GNB3/GNGT2 (Visual signal transduction: Conas)

PTPN13 (Ephrin B reverse signaling)

PTPN13 (FAS signaling pathway (CD95))

IL12A (IL27-mediated signaling events)

FES (Signaling events mediated by VEGFR1 and VEGFR2)

SRC (Signaling events mediated by PRL)

SRC (EPHB forward signaling)
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Delta 1/NOTCH/NOTCH(cleaved) (Presenilin action in Notch and \
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I TP53 (Signaling mediated by p38-alpha and p38-beta)
p38alpha-beta/CK2 (Signaling mediated by p38-alpha and p38-bet:
CEBPB (Signaling mediated by p38-alpha and p38-beta)
KRT8 (Signaling mediated by p38-alpha and p38-beta)
DDIT3 (Signaling mediated by p38-alpha and p38-beta)
USF1 (Signaling mediated by p38-alpha and p38-beta)
ATF6 (Signaling mediated by p38-alpha and p38-beta)
PTGS2 (Signaling mediated by p38-alpha and p38-beta)
p38alpha-beta/MAPKAPK?2 (Signaling mediated by p38-alpha and j
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SLC9A1 (Signaling mediated by p38-alpha and p38-beta)
MEF2A (Signaling mediated by p38-alpha and p38-beta)
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MAPK11 (Rapid glucocorticoid signaling) p
ATF1 (Signaling mediated by p38-alpha and p38-beta)
PPARGC1A (Signaling mediated by p38-alpha and p38-beta) pathway
p38alpha-beta/HBP1 (Signaling mediated by p38-alpha and p38-be
ATF2 (Signaling mediated by p38-alpha and p38-beta)
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MAPKAPKS (Signaling mediated by p38-alpha and p38-beta)
RPS6KA4 (Signaling mediated by p38-alpha and p38-beta)
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NOS2 (Signaling mediated by p38-alpha and p38-beta)
GDI1 (Signaling mediated by p38-alpha and p38-beta)
UniProt:P08727 (Signaling mediated by p38-alpha and p38-beta)
UniProt:075030 (Signaling mediated by p38-alpha and p38-beta)
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Classifying Platinum Sensitivity With Pathway Scores

Banding Chart - 26 features
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Pathway Activities More Informative for Predicting
Platinum Sensitivity than Input Data
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Using SVM-Light to build a simple
abstaining classifier

lteratively Grows

"Abstaining Band"



Classification Accuracy
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Classifying Platinum Sensitivity With Expression Scores

Banding Chart - 26 features
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Classification Accuracy
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Classifying Platinum Sensitivity With Copy Number Scores

Banding Chart - 26 features
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Classification Accuracy
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Automated Pathway Scoring

» Better models agree with most of the data
» Allow integration of multiple kinds of data

» Probabilistic graphical models allow automatic
detection of relevant pathways

» On some datasets, better clinical outcome
predictors

» Limitation: can’t discover anything new

Adv in Bioinf and Genomics, Feb 19,
2010



Outline

» High-throughput visualization w/ the UCSC Cancer
Genomics Browser

» |[dentifying patient-specific pathway alterations

» ldentifying novel pathway interactions w/ genetic
knock-outs

Adv in Bioinf and Genomics, Feb 19,
2010



Beyond the “usual suspects”:

*Many pathways not fully characterized

1.Find interactions (structure) between known
genes using fast, available experimental
techniques

2.Predict new members of the pathway
3.Validate, then iterate
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Application to Cancer Invasion
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Invading cells/segment

Colon Cancer Invasion

siRMNA Species
siRNA Species
Cell Line

Phenotype assay
(Invasion in Matrigel?

Adv in Bioinf and Genomics, Feb 19, 2010

HT28 SWE20 HOTHE KMI12C HTIS+  SWE2DH+

Expression Profile
Find gene candidates

Rosalyn Irby, Norman Lee, et al., Cancer Res., 2005



Nested Effects Inference Method

*Nested Effects Model -

— Indirect observations "
_ i, B g—s—s s
Transcriptional & NON- . ; - .

transcriptional regulation I é é é é

*Challenges - B et et o
— Throwing out sign of [ D / \
data leo) \ /
— Computationally EF)
difficult hypothesis ”—

space

L AB CD . G4 .. EF

K 8 C D E F G H

. Markowetz et al., 2005 & 200



Microarrays Measure
Many Phenotypes

Gene A

Switch
Regulatory
Epistasis

Adv in Bioinf and Genomics, Feb 19, 2010 49
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Toy Example




Observations from Yeast
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|
4
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-15 -10 -5 0 5 10 15
ADIG1/DIG2

53 Data from Hughes et al., 20(



Scoring All Possible Nets with

One Dual Net
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Colon Cancer Invasion
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Colon Cancer Invasion
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Structure
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Egene Expression Changes
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Colon Cancer Invasion
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Structure

o7

LAR E-pene S-pene E-gene Description
1879 CHORDHC| GLS cysteine and histidine-rich damain (CHORD) -containing |
135 AMNF32 GLS  ring finger proten 32
1093 TSP50 TFOPI  testes-specific protease 50
1002 HS35TI KRT20  heparan sulfate (glucosamine) 3-O-sulfotransferase |
685 CHMP4C TFDPI  chromatin modifying protein 4C
676  ADAMIS KRET20 ADAM metallopaptidase domain |9 (melrin beta)
634 CYPiIA43 KRT20  cyrochreme P450, family 3, subfamily A, polypeptide 43
597 SPTLC3 TFDPI  serine palmitoylrransferase, long chain base subunit 3
525 PLEKHM3 KRT20  pleckstrin hemology domain coentaining, family M, member 3
492 KRT13 TFOPl  keratin 13
420 CAPMNIZ KRTZ0  calpain |2
387  Clorfl4 KRT20  hypothetical prozein LOC229%6
354 ZMF350 KRT20  zinc finger prote’n 350
353 ADAMS TFOPI  ADAM metallopzptidase domain 9 (meltrin gamma)
275 SLC2A KRT20  sclute carrier family 2 (fecilitated glucose transporter), member |
238 TCTEXIDI TFOFI  Tctex| domain contaiming |
223 S5TK24 KRT20 serinefthreonine kinase 14 (STE20 homeolog, yeast)
205 DDX58 KRT20 DEAD (Asp-Glu-Ala-Asc) box polypeptide 58
201 GFAP KRT20  glial fibrillary acidic protein




Colon Cancer Invasion
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lterative Pathway Expansion
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Invasion Network
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Invasion Network

Membrane and Protease Genes

EIF2ZAK2

Round 1 Round 2 Round 3
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Invasion Network

Membrane and Protease Genes Calcium Signaling

ULs CCR9
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Invasion Network

Membrane and Protease Genes Calcium Signaling MAP Kinase Signaling
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Invasion Network

Membrane and Protease Genes Calcium Signaling MAP Kinase Signaling
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Invasion Network

Membrane and Protease Genes Calcium Signaling MAP Kinase Signaling
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Invasion Network

Membrane and Protease Genes Calcium Signaling MAP Kinase Signaling
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Network Frontier

: Legend
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Invasion Network

Membrane and Protease Genes Calcium Signaling MAP Kinase Signaling
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Invasion Network

Membrane and Protease Genes Calcium Signaling MAP Kinase Signaling

riemprane
Remodeling/
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Invasion Network

Membrane and Protease Genes Calcium Signaling MAP Kinase Signaling

CTGF - AA5093794 - connective tissue growth factor
COL1741 - AA128561 - collagen, type AW, alpha 1
COLSA2 - A&557095 - collagen, type VY, alpha 2
Lakad - NI461E - laminin, alpha 4

COL3A1 - TA5E12 - collagen, type NI, alpha 1 (Ehlers-Danlos syndrome type 1Y, autosomal domi
LAMCZ - AAR7FS34 - laminin, gamma 2

FRO®1 - AAS32E29 - prospero-related homeoko: 1

KRT10 - AA428454 - keratinn 10 {epidermolytic hyperkeratosis; keratosis palmaris et plantaris)
FLODT - A2476240 - procollagen-lysine 1, 2-oxoglutarate S-dioxygenase 1

FFL - AIBS0S6S - periplakin

COL3AY - T98612 - collagen, type N1, alpha 1 {Ehlers-Danlos syndrome type 1Y, autosomal domi
TGFEZ - M45135 - transtorming growth factor, beta 2

DHCR24 - AI0S7612 - 24-dehydrocholesteral reductase

ELF3 - A&433851 - E74-like factor 3 {ets domain transcription factor, epithelial-specific )

DCT - A45478553 - dopachrome tautomerase (dopachrome delta-isomerase, tyrosine-related pros
EMF1 - A&3757E3 - epithelial mermbrane protein 1

KRT13 - "WBO057 - keratin 13

UGCG - AA165625 - UDP-glucose ceramide glucosyltransferase

FFL - Al126713 - periplakin

PFL - A&%454209 - periplakin

FABFS - TEOOFS - fatty acid binding protein 5 (psoriasis-associated)

WL - AI4179835 - involucrin

SPRATE - AA447335 - small proline-rich protein 1B {cornifing

FFHLM1 - R52965 - periphilin 1

ERCC2 - ROS503 - excision repair cross-complementing rodent repair deficiency, complementati
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Invasion Network

Membrane and Protease Genes
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phospnate transport

regulation of Wnt receptor signaling pathway
regulation of immune respanse

negative regulation of 2NA metabolic process
muscle development

hexose metabolic process

response to radiation

regulation of Rho protein signal transduction
tube morphogenesis

multicellular crganismal metabolic process;...
antigen processing and presentation of peptide antigen
nitrogen compound catabolic process

RNA biosynthetic process
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bone remodeling

response to hypoxia

cellular response to stimulus

hemopoietic or lymphoid organ development
regulation of bedy fluid levels
anterior/posterior pattern formation

Membrane
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Invasion Network

Membrane and Protease Genes Calcium Signaling MAP Kinase Signaling

Carboxylic
Acid

GLs B L=~ TransportP— memprane
\\v \\. Remodeling/
\ % / Secretion

Cell
il Migration /
Cell Cycle p—— Regulation
2R1 of Wnt
CTGF Ectoderm

signaling Development

Y Negative \\
Regulation
GAST T

of Mitotic

Response
) to Virus
_______________________________________________________ Network Frontier :
a . IFITM1
. Legend y ,v‘:‘
Round 1 Round 2 Round 3 GO Term | : Sieroid
. \Knockdown Knockdown Knockdawn g erolc
! ; Metabolic
: ; Process
| e Activation —— Inhibition E-gene 0
: INSIG2 0\\_
—0 Functional category enrichment in frontier genes ~

Invasion Network



Summary

KO microarrays provide causal information

Inferred pathways provide better
framework for identifying new members
compared to correlation

Could use to identify new interactions

Add de novo interactions to known
— Measure increase in likelihood across patients

Next steps will attempt to simulate KOs on
pathways to predict good drug targets
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UCSC Cancer Genomics Browser
Public Research Portal

“Omics” data, “Omics” Data | Visualization Patient “Omics”
TCGA, Cell Lines, ... Processing, measurements, CLIA
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THE CANCER GENOME ATLAS

il @% C[b3

ucb-unsc-ucsl
O st

> UCSC Cancer Genomics > Collaborators
» David Haussler > The Cancer Genome Atlas
> Jim Kent » Stand Up To Cancer
> Josh Stuart > Christopher Benz, Buck Institute
> Jingchun Zhu > Laura Esserman, UCSF
> Ting Wang > Joe Gray, LBL
» Fan Hsu > Eric Collisson, UCSF
» Zack Sanborn > Charles Vaske, Princeton
> Steve Benz
> Christopher Szeto > Funding Agencies
> Larry Meyer > NCI/NIH
> James Durbin e NHGBI .
) » American Association for Cancer
> Tracy Ballinger Research (AACR)
» UCSF Comprehensive Cancer Center
» UCSC Genome Browser Staff > California Institute for Quantitative
Biosciences (QB3)
» Helen Hay Whitney Foundation
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