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THE -S1 GENOME IS HERE

UC Santa Cruz Genomics Institut&ources: NIH: www.genome.gov/sequencingcosts; UC San Diego, 1/14/14: lllumina breaks genome cost
barrier
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THE POTENTIAL FOR DNA AND COMPUTING TO
TRANSFORM MEDICINE 1S NOT BEING REALIZED

,!

. = "
Opportunltles to save lives are lost every day

UC Santa Cruz Genomics Institute




CANCER GENOMICS:
AVIEW INSIDE TUMOR CELLS
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SEQUENCE THE CANCER GENOME

Germline
DNA from
blood
Billions of
short DNA

reads

UC Santa Cruz Genomics Institute



Cancer Data Revolut

on

/‘ ENCODE

Project
“ARRA Autism
Sequencing

Collaboration

Human

1000 Microbiome
Genomes Project
Project K NHGRI
National Heart, garge-Sane
equencing
National Human Alzheimer's IélIJ:(?d and Program
Genome Research Disease _Institute
Institute Sequencing
Project

UC Santa Cruz Genomics Institute




Sequenced Cancer. Now What?

e RPN

UC Santa Cruz Genomics Institute



Sequenced Cancer. Now What?

* Interpret DNA changes w/ functional information
* Transcriptome key to state read-out

* Connect-the-dots with pathway inference

UC Santa Cruz Genomics Institute
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BCL2 — B-cell ympoma related

— Blocks apoptosis of cells.

— Targeting in PCa (Zielinski Cancer J2013)
GSK38 - glycogen synthase kinase 3

— inhibitors reduce PCa growth (Darrington Int J
Cancer2012).

MAPKS8 (aka JUN Kinase)

— siRNA induces apoptosis in PCa (Parra Int J
Mol Med 2012)

MAPK14 (aka p38)
— Inhibitors may promote mets

HRAS

— Synthetic lethal w/ JNK (above) (Zhu Genes
Cancer2010)

SHCT1 - Src homolog
— ERKand TGFB signaling
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— Blocks apoptosis of cells.

— Targeting in PCa (Zielinski Cancer J2013)
GSK38 — glycogen synthase kinase 3

— inhibitors reduce PCa growth (Darrington Int J
Cancer2012).

MAPKS8 (aka JUN Kinase)

— siRNA induces apoptosis in PCa (Parra Int J
Mol Med 2012)

MAPK14 (aka p38)
— Inhibitors may promote mets
HRAS

— Synthetic lethal w/ JNK (above) (Zhu Genes
Cancer2010)

SHC1 - Src homolog
— ERKand TGFB signaling




Outline:
Interpreting A Cancer Genome (N-of-1)

>|dentify the closest known form

> Tailor the pathway model to fit an individual tumor’s
unique combination of events
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Identify all the forms of cancer?
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|dentify all the forms of cancer? Treatment
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FLOOD OF DATA ANALYSIS CHALLENGES

Genomics, Functional Genomics, Metabolomics, Epigenomics =

M Multiple, Possibly
g Conflicting Signals

.,p..»..L

This is What it
Does to You
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MERCURY W Model = Simpler Explanation

JUPITER

NEPTUNE

SATURN

URANUS




2 ""_ ] QK MN2E
Homoz ygous deletion, Homozy gous
mutation in52% deletion in 47 %

CDKN2C

HomozZygous
deletion in 2%

|

Amplification | Amplification

in 18% .In 2%

% Homozygous deletion,
mitation in 11%

lGIIE D
Ei
RT KARAS P
signalling altered
in 88%
Mirtation, a
im 4

Mutation, homozygous
deletion in 18%

S

Proliferatian
survival
translation

Mutation in 2%

pa3
signalling
aterad
in 87 %

* Mutation in 15%

@ Amplification in 2%
A

— Mutation in 1%

| Achvated oncogenes

.

Homozygous deletion,

mutation in 49%
Ar

\{/ Amplificaton in 7%

I

a5y | Apoploss _|

daletion in 36%




Pathway Recognition Algorithm Using Data
Integration on Genomic Models (PARADIGM)

GeneCopy Protein
Number Activity

OVariable

B Factor - interaction term

g Charlie Vaske, Steve

Df\n7



PARADIGM
Gene Model to Integrate Data

relative to non-cancer,
Is this sample:
3-state discrete variables up,
same,

GeneCopy Expression Protein Protein
Number State Level Activity

O‘U’ariable

B Factor - interaction term

Charlie Vaske, Steve
Ran>z



PARADIGM Gene-level Model

relative to non-cancer,
Is this sample'
3-state discrete variables
same

/ / \ \iown?
GeneCopy Expression Protein Protein
Number State Level Activity

CNA\ Down Same

Exp
Down 0.90 0.09 0.01 O\fariablel .
Same 0.05 0.90 0.05 B  Factor - interaction term

& Up 001 009 090

-




PARADIGM Gene Model to Integrate Data

GeneCopy
Number
Array CGH,
SNP chips

EXxpression
State

Protein Protein
Level Activity

OVariable

B Factor - interaction term

Charlie Vaske, Steve

Df\n7



PARADIGM Gene Model to Integrate Data

GeneCopy
Number
Array CGH,
SNP chips

EXxpression Protein Protein
State Level Activity

-— -—
i 7 Proteomic;:‘} 7 Protenmic;}’
\ mutations _, \ mutations

h_# h_#

OVariable

B Factor - interaction term

Charlie Vaske, Steve

Df\n7



PARDIGM Gene Model to Integrate Data

Transcriptional Translational Intracellular and

Regulation Regulation, Extracellular
Protein Degradation Signaling

Protein
Activity

S, -
@nscriptomD /meeﬂmic;,\l /Pruteomic.g,\ l
. \_mutatlons 7~ \ H_mutatlons >

— o - — o -

OVariable

B Factor - interaction term

Charlie Vaske, Steve
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Interactions Matter

> @Given
iInformation

about the
expression of
TP53 alone

Apoptosis

e

> Reasoning
predicts
apoptosis is in
tact in these
cells.

Apoptosis

Charlie Vaske, Steve

DArn—



Interactions Matter

> Given the
| interaction and data
) | about MDM2.
_ > apoptosis inference
S reversed
Quantitative Output
L og likelihood Ratio: cdiodes prior log odds

and data

P(Data Apoptosisactived) _ o P(DataApoptosisactivéd) o P(Apoptosisactivéd)
P(Data Apoptosisactivad) ~ ~P(DataApoptosisactivéd) - P(Apoptosisactivéd)

Charlie Vaske, Steve
g Benz
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INTEGRATED MAP TO RULE THEM ALL

5 edel® Elu

B -il
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Cancer Type | | ||”|l .

PAMS0

Hoadley et al Cell 2014




UCSC TUMORMAP: BROWSER FOR
CANCER SAMPLES

PARADIGM TumorMap

* ~90% of samples cluster with their tissue



Viewing Gene Programs on the TumorMap

ER Signaling “Weather Map”

KIRC Show Moderate ER signaling

BRCA Luminals Show High ER signaling

Denise Wolf, UCSF
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GBM Subtype COADREAD Subtype | Wg\VVA [Tl
Stable
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‘='=i; COAD-READ on e
"' DNA Methylation Map H *-

Stable Pattern on another
molecular map adds

insight.

Newton, Baertsch, UCSC

Good agreement overall.



BLCA DIVERGENCE ON TUMORMAP

" LUAD-enriched 4.

iy e o9,
L ]

HNSC-enriched

« BLCA diverge into bladder-enriched,
squamous, and LUAD-enriched islands
Hoadley, Cell, Aug
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* COCA clusters distinguish different survival classes for
BLCA
Hoadley, Cell, Aug




PanCan-33: PanCanAtlas

No. Tumor Types

33 Tumor Types
11,053 Total Cases

Latest Publication Restrictions
Lift in December, 2015 (e.g.
testicular)

Average cases: 335
Median cases: 308
BRCA most cases: 1100
CHOL least cases: 36

20 Types w/ >= 200 cases

Types w/ At Least

/ Types w/ Approx

0 250 500 750 1000
No. Shipped Cases

Breast cancer (BRCA)

Ovarian serous cystadenocarcinoma
Uterine corpus endometrial carcinoma
Clear cell kidney carcinoma (KIRC)
Glioblastoma multiforme (GBM)
Head and neck squamous cell

Lung adenocarcinoma (LUAD

Lower Grade Glioma (LGG

Lung squamous cell carcinoma (LUSC
Papillary thyroid carcinoma (THCA
Prostate adenocarcinoma {PRAD
Cutaneous melanoma (SKCM

Colon adenocarcinoma (COAD
Stomach adenocarcinoma (STAD
Urothelial bladder cancer (BLCA
Liver hepatocellular carcinoma {(LIHC
Cervical cancer (CESC

Papillary kid ney carcinoma (KIRP
Sarcoma (SARC

T AT P P R ST o R o e ot S e

Acute Myeloid Leukemia (AML
Pancreatic ductal adenocarcinoma
Esophageal cancer (ESCA)
Pheochromocytoma & Paraganglioma
Rectal adenocarcinoma {READ)
Testicular germ cell cancer (TGCT)
Thymoma (THYM)

Mesothelioma (MESO)

Uveal melanoma {UYM)
Adrenocortical carcinoma (ACC)

Chromaophobe renal cell carcinoma

Uterine carcinosarcoma (UCS)

Diffuse large B-cell lymphoma (DLBC)

Cholangiocarcinoma {CHOL)
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PanCan-33 TumorMap
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" PanCan
Subtype (not

seen in
original
analysis)

The Cancer Genome Atlas &
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Enriched for t/B and IFN immune (D. Wolf’s)
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« BLCA diverge into several more subtypes

The Cancer Genome Atlas &
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PanCan-33 Map:

Genomic
mapping

UC Santa Cruz Genomics Institute




Clinical Genomics Trials
-- UCSF, PNOC (15 pts)
-- UCI, CHOC (40 pts)
-- Stanford (100pts)

T

. A » ‘ OA LR ;
= |
N 0/
/h ."\ ‘ r
A%T;"QQAOM\SQ Large adult 2
Genomic Childhood Cancer Project genomic i
characterization data; databases
Clinical data (TCGA, ICGC,
> TumorMap SU2C)
Xena
Clinical leads Precisionlmmuno
E“m‘;r CLIA NuMedii
oardas validation
U /’E Treehouse
4 pediatric
@ cancer
ata (including
TARGET)

* QOutcome measures:
* New clinical leads
* New evidence for clinical leads
* New/refined molecular diagnoses

The Cancer Genome Atlas @j




WHERE DO Childhood Samples MAP?}

NBL/DLBC LUSC/HNSC

THOO04!(SCCC

THOOToSARC a

THO002, NBL3L
THO05,PEDS) 3

L B
THOOG64NBIL |

®
THO03:; NBUAL
®

THOOT,(NFI F

Olena Morozova
Yulia Newton




Analysis of POG samples in the context of

cancers

THO05-PED3 i
~ Clusters with Pheochromocytoma and Paraganglioma (pancan30) and’
with Neuroblastoma (pancanl4)

TH002_NBL

—  Clusters with Lymphoid Neoplasm Diffuse Large B-cell Lymphoma
(pancan30) and with Neuroblastoma (pancanl14)

THO04_SCC

—  Clusters with Head and Neck Squamous Cell Carcinoma

THO006_NBL

— Clusters with Pheochromocytoma and Paraganglioma (pancan30) and
with Neuroblastoma (pancanl4)

THOO7_NF

—  Clusters with Breast Invasive Carcinoma

THOO3 NBL
—  Clusters with Neuroblastoma

THO01_SARC

— Clusters with Neuroblastoma ALK fusion tumors
Olena Morozova

Yulia Newton )

a




Samples MAP?

NBL/DLBC

Observation:
THO0O01 pediatric sarcoma groups
with neuroblastoma ALK-mutant

samples. THOO1.SARC g

®
THOO3; NBL THEBe M5t
-

Olena Morozova
Yulia Newton



ALK POTENTIAL TARGET FOR PATIENT 1
BASED ON PAN-CANCER ANALYSIS

Normalized relative ALK expression level

|

EML4-AL ALK-amp TH001 Non-ALK SaTCO_ma
K lung neuroblastoma neuroblastom

sarcoma cohort

(N=2) cohort a N=172

(N=15) cohort (N=172)

(N=270)
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BECAUSE OF PATIENT 1...

California Kids Cancer Comparison (CKCC)

Childhood cancer
in California

(e

1800
children are diagnosed with cancer
each year in California.

400-500
of them will not respond to conventional
treatment, and would die within 5 years,

iy’

100-150
of those patients are recruited
for clinical trials.

Current clinical trials:

Repurpose existing drugs
matched to specific genomic
defects in each tumor —
new treatment
. options for
Analysis ~10% of kids

of genomic
information
from each

tumor

5 Genomic defect
with match to
existing drug

identified?

yes

no

Expected:
~go9% of patients
will still die

More repurposed therapies
identified based on tumor

comparisons

Big data technology:
Integrate all data for each tumor
and compare each tumor’s
genomic information with that
of 1000s of other tumors.




* Current cases of children with cancer

 THOO8: 2-year-old diagnosed with Stage 4 Hepatoblastoma
(liver cancer)

 Underwent two chemo protocols and two surgeries

* |In need of new treatment options

e Foundation Medicine test revealed CTNNB1G34V mutation




Bird’s eye view (tumors
colored by disease)

Zoom in on the patient (tumors
colored by disease)
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Hepatocellular carcinoma (liver)

e

Colangiocarcinoma




Target Drug Avalilability

Aurora kinases Pazopanib Clinical trial

IGF1R Metformin Off-label

ABCC2 Simvastatin plus Clinical trial
chemo

JAK/STAT Ruxolitinib Off-label

Turns out trial of pazopanib is opening up at Stanford and so
treating oncologist chose this option




Outline:
Interpreting A Cancer Genome (N-of-1)

>|dentify the closest known form

> Tailor the pathway model to fit an individual tumor’s
unique combination of events
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BCL2 — B-cell ympoma related

— Blocks apoptosis of cells.

— Targeting in PCa (Zielinski Cancer J2013)
GSK38 - glycogen synthase kinase 3

— inhibitors reduce PCa growth (Darrington Int J
Cancer2012).

MAPKS8 (aka JUN Kinase)

— siRNA induces apoptosis in PCa (Parra Int J
Mol Med 2012)

MAPK14 (aka p38)
— Inhibitors may promote mets

HRAS

— Synthetic lethal w/ JNK (above) (Zhu Genes
Cancer2010)

SHCT1 - Src homolog
— ERKand TGFB signaling
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BCL2 — B-cell ympoma related

— Blocks apoptosis of cells.

— Targeting in PCa (Zielinski Cancer J2013)
GSK38 — glycogen synthase kinase 3

— inhibitors reduce PCa growth (Darrington Int J
Cancer2012).

MAPKS8 (aka JUN Kinase)

— siRNA induces apoptosis in PCa (Parra Int J
Mol Med 2012)

MAPK14 (aka p38)
— Inhibitors may promote mets
HRAS

— Synthetic lethal w/ JNK (above) (Zhu Genes
Cancer2010)

SHC1 - Src homolog
— ERKand TGFB signaling




Lots of Copy number, point mutations
*Which are passengers? Which drivers?

\What does data reveal about essential
signaling?

*Aside: Just identifying variants is hard!




needlestack

A needle in a human genome-haystack

e A human genome
has 23

chromosomes.

e 6 billion individual
DNA basepairs per
genome.

e A single basepair
error can be a

disease mutation.




Distinguish True Variation from Artifact

TTACTGTCGTTGTAATACTCCACGATGTC
TTACTGTCGTTGTAATACTCCACGATGTC
TTACTGTCGTTGTAATACTCCACAATGTC
TTACTGTCGTTGTAATECTCCACGATGTC
TTACTGTCGTTGTAATACTCCACAATGTC

TTACTGTCGTTGTAATACTCCACGATGTC
TTACTGTCGTGGTAATACTCCACaATGTC
TTACTGTCGTTGTAATACTCCACaATGTC
TTAATGTCGTTGTAATACTCCACGATGTC
TTACTGTCGTTGTACTACTCCACGATGTC
TTACTIGICGTIGIAATACTCCACSATGIC

sequencing errors SNV



Mutation Callers Give Different Answers ...

SNVs

Baylor
1,245

2,474 1,114

12,036

14,320

1,495

Broad Inst.

TCGA Network mutation calls

Renal Clear Carcinoma:
Somatic calls from 297 Samples

BreakDancer

SVs

4103

3190




DREAM for the best method(s)

Crowd-source for best mutation detectors.
Define dataset and goal.

Put out incentives (talks, papers, $$)

Collaboration: OICR, TCGA, UCSC, SAGE



Results of DREAM-SMC

Participation At Closing Time:
345 contestants
948 entries on 4 in silico genomes

On-going post-challenge submissions (/iving
benchmark)

Key insights into simulating cancer genomes
(BamSurgeon)



Wisdom of the Crowds for DREAM-SMC

Ensembie of top'k methods

dual methods

Y
§ % ____________ racy of
o Jle best
oL
< nod
Sof all
ods matches
3t single

Ewing et al. Nat Meth 2014

Rankof Method



Negative Results Reveal False-Positive Sighature

C=A C>G C>T T>A T>C T>G

Many methods see “ghost”
C->T mutations.

(4}
X
-
S
(&)

Matches a signature
reported in a high-profile
paper...

Normalized Proportion of FPs
N W L~
x b b3
S 5 S

—
3
-y
S
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Ewing et al. Nat Meth 2014
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High Inferred Activity

neighbors
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Low
Inferred
Activity
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mutated
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Inference using

Inference using all downstream
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Inference using
upstream neighbors

~

/

LY
f)

- /

Sam Ng, Bioinformatics 2012
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RB1 LOF (GBM)

Inferred Upstream
Expression
RB1 Mutation



RB1 LOF (GBM)

Inferred Downstream
Inferred Upstream

Expression
RB1 Mutation



RB1 LOF (GBM)

Shift Score =

Inferred Downstream
Inferred Upstream
Expression

RB1 Mutation




RB1 LOF (GBM)
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Low Inhibitor Activity

RB1 LOF (GBM)

Gpstream and Downstream
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Expression
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Gain-of-Function (LUSC)

P-Shift Score
PARADIGM downstream

PARADIGM upstream
Expression
Mutation

Sam Ng



PARADIGIVI-5hirt gives orthogonal
view of the importance of mutations
(LUSC)

§ | T HIF3A (n=7)

® «4— TBC1D4 (n=9) (AKT signaling)

& | IpNFE2L2 (29)

5 ¢ MAP2KG (n=5)

= l ¥ MET (n=7) (gefitinib resistance)

z | M

SR ] ————

£ 3

g I GLI2 (n=10) (SHH signaling}—»

CDKN2A (n=30)—" | @ AR (n=
EIF4G1 (n=20) —» (n=8)

> Enables probing into infrequent events
> Can detect non-coding mutation impact (pseudo FPs)

> Can detect presence of pathway compensation for those
seemingly functional mutations (pseudo FPs)

> Extend beyond mutations
F's Limited to genes w/ pathway representation Sam Ng
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NOTCH1 e

ATM BHLHE41
COUAQ vc

ATP2B1

KLK2 TAGLN:"-NDRGT

PTEN
FLT1

RNA-seq data
informs a set of
genes are
significantly up-
and another
down-regulated.

Match profile with
a known cancer
subtype to obtain
robustness of
franscripome
classification
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ATM BHLHE41
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ATP2B1

KLK2 TAGLN “NDRG1

PTEN
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* Link mutations to
transcriptional
changes with
heat-diffusion on
networks (e.g.
PPI or curated).
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e Still need
TPESRBBB2 connections
NOTCH1 between
mutations
and inferred
. r63 SRF TFs
MRPAT
ATF2"Nve
anafure / V \
KLKD TAGLN: R




e Still need
TPESRBBB2 connections
NOTCH1 between
? mutations
and inferred
. Trta SR TFs
SR PA T
ATF2 e
anafure / V \
KLKD TAGLN: R




DTB-011

P53

NOTCH1

TPS3

ATF2

ATP2B1

ERBB2

MYB

COUAQ

Linking Network

Background Network
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e.g. Bader 2010, Vandin 2012, Paull 2013,

Hofree 2013)




Characterizing Protein Signaling Changes in Mets
with Phosphoproteomics

Phosphoproteomics

@mnﬁmﬁmnnlmnﬁmma

Tissues

Xeno- Cell Treatment Naive
gLfts Lines _Metastatic CRPC Prostate Cancer_

[
Lyse, homogenize, digest,

pST Peptides
(8,051 Total IDs)

Mets show a o 9“"“)ipeptldes
distinct ) %ﬁ%‘é@
phosphorylation ~—e B, ol
n
pattern, when " ;
compared with 6 IP-\4G1|0 :

; 1 +4G10 pY Ab y
treatment-naive ¢
samples. :

3

- In total, 8,051

DEDTIA il =

Question: Does a neﬁtwork: :
solution using mutations and TFs
Include the activated kinases

detected by protein Mass-Spec? :ji&
(i — -;:_:—j_' -_ |0.00

-0.50

Drake, Paull et al Cell 2016



TieDIE Networks Embed Activated Proteins

Are Linkers More Activated?

Drake, Paull et al Cell 2016



TieDIE Networks Embed Activated Proteins

Are Linkers More Activated?

Differential Activity (Red: TieDIE linkers; Blue: other genes)
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Master Regulator Analysis (MRA) on Phosphoproteomic data

TF1 TF2
TARGETS ~ TARGETS

Classic MRA: target gene expression -> protein activity
Proteomic MRA: kinase target phosphorylation ->
protein activity

T

|

TE.2
Inhibited

AKT

' AKT mRNA Q
Measurement

/
/\/ ;| \\ of active site
/\/ / \ \
¢ 0

|
|
|
\
O value over all Califano 2014

TF1
Activated

RANKED GENE SIGNATURE

Enrichment *Chen et al,,
kinase target

sites Drake, Paull et al Cell 2016




Master Regulator Analysis on Phosphoproteomic data

1.58e-05

MAPK14, PRKDC, CDK1, AKT1, SRC, PRKAA2....

.
o
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L
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Lo
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iy

—
e Y
Ty Ty, Ty
T Ty Ty
Tay Ty
=33
=

*Plot made with VIPER Bioconductor
R package

source("https://bioconductor.org/biocLite.R")
biocLite("viper")

Drake, Paull et al Cell 2016



TieDIE Networks Embed Activated Proteins

Are ~Active TFs near
~Active Kinases?

Are Linkers More Activated?

Differential Activity (Red: TieDIE linkers; Blue: other genes)
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TieDIE Networks Embed Activated Proteins

Are ~Active TFs near
~Active Kinases?

Are Linkers More Activated?

Differential Activity (Red: TieDIE linkers; Blue: other genes)
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|
|
|
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Data Platforms

Scaffold network for CRPC from eclectic data

Gene Expression Phosphopeptides
88 samples 27 samples

D 3 2

Differential Analysis
Metastatic CRPC:Rx Naive PrCa

Gene Expressmn Tyrosine Peptide Inferred Kinase
Master Regulators Data (Kinases) Master Regulators
Drake et al. (2013)

l

Gene Expression  Inferred

Regulators  Kinase Activity

(1)

Phosphorylated

from s data) < Drake, Paull et al Cell 2016




Scaffold network for metastatic prostate from diverse data

Data Platforms

Gene Expression
88 samples

Differential Analysis

Phosphopeptides

27 samples

D 3 2

Metastatic CRPC:Rx Naive PrCa

Tyrosine Peptide
Data (Kinases)
Drake et al. (2013)

Gene Expressmn
Master Regulators

N\,

Gene Expression
Regulators

Kinase Ac

(1)

Phosphorylated
Kinases
(from MS data)

Inferred Kinase
Master Regulators

/

tivity

Inferred

€

Mutation Data TleDIE Analy5|s i

(TCGA & CRPC) 3 | ysica
........... — k- nteraction
S e €— Pathway
T N / Database
(Multinet)

l
“Scaffold Network”

Drake, Paull et al Cell 2016



Linking Network
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N-of-1 Patient-specific Network Approach Overview

Pathway Network Scaffold

20 TieDIE’

et | .}
AL LS X - \l/ r
% ".0 * % ::: o - 1//
"{J-“‘*ﬂz,:' ! '::: i i < =
":..".‘_;::.\n
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Patient-Specific . -
Mutatigns Patlent—Spemf!c
. Gene Expression
E
TPS3 5
ERBB2 3
NOTCHT1 3
3
U
a

Justin Drake (Witte Lab, UCLA), Evan Paull Drake, Paull et al Cell 2016



N-of-1 Patient-specific Network Approach Overview

Pathway Network Scaffold

:'!’f:':':f;s':.'.:..!‘ T |e D I E 1
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. sy .\: '
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. Gene Expression
E
TPS3 E
ERBB2 3
NOTCHT1 5
3
1]
[a

VIPER Algorithm ID Master Regulators
(ala Califano)

Patient-Specific
Network Model

Drake, Paull et al Cell 2016
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RA40

TGF-p Signaling
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Drake, Paull et al Cell 2016
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KEY: Patient RA40
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_ KEY: Patient RA40
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Network-based selection of targets and target

combinations for individugl pati
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Network-based selection of targets and target

combinations for individugl pati
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Network-based selection of targets and target

combinations for individugl pati
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Network-based selection of targets and target
combinations for individuBal patients
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Network-based selection of targets and target

combinations for individugl pati
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Network-based selection of targets and target

combinations for individugl patients
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Nuclear Receptor Signhaling
AKT/mTOR/MAPK Pathway

Cell Cycle
DNA Repair
Stemness

Kinase
AKT1

PRKDC
ATM
IKBKB

NEK3

I Migration and Invasion

PRKCZ

SRC
CDK1
MAPK14

CHEK2
PTK2
EGFR

CDK2
PTK6
TRIM24

EIF2AK2
TRIM28
GAK

CHEK2 IKBKB PRKCZ MAPK14 Dbkt

MAP3KS5
RPS6KA4
TRIM33

ATM  NEK3 (GFIR

PRPF4B

£h°R

Lol o

- RAS3

RASS Liver

RASS5 Dura

Clinical inhibitor
MK-2206, GSK2141795
Olaparib, MSC2490484A
None
None
None
None
Dasatinib
AG-024322
LY2228820, Regorafenib
LY2606368
GSK2256098
Erlotinib, cetuximab
Ribociclib, dinociclib
Vandentinib
None

None
None 'Rank 1/N
None
None
KB004
None

None Rank N/N

None
BVD-523
Ceritinib
None

Drake, Paull et al Cell 2016



Network-based selection of targets and target
combinations for |nd|V|dual patients
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TAKE-HOME MESSAGES

- Pan-Cancer analysis reveals strong tissue-of-origin
signals.

- But ~10% reclassified associated w/ survival.

* Adult signatures can inform novel pan-cancer connections for
treatment avenues in pediatric cancer

* Integration of proteomic data with other ‘omics’ data reveals
signaling pathways in metastatic prostate cancer.

» Patient-specific hierarchy of clinically actionable pathways
for therapy.




Future Directions

Integrative methods for variant interpretation

Pathway ID for sub-clones & stroma & immune, etc

Formal causal models to reveal pathway “weaknesses”

Single cell (e.g. cfDNA) pathway analysis for early detection




UCSC Integrative Genomics Group
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