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Investments in genome science are stimulating development of  

a wealth of tools to catalog DNA, RNA and protein components 

Massively parallel  

DNA sequencing 

Microarrays 

Microfluidics and PCR 

LC/mass spec 



These tools efficiently assess normal and aberrant  

(epi)genomes, transcriptomes, proteomes, etc.  
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Chin & Gray, Nature 2010 



 $0.10  

 $1.00  

 $10.00  

 $100.00  

 $1,000.00  

 $10,000.00  
A

p
ri

l-
2

0
0

1
 

S
e
p
te

m
b
e
r-

2
0

0
2

 

J
a
n

u
a

ry
-2

0
0

4
 

M
a
y
-2

0
0

5
 

O
c
to

b
e
r-

2
0

0
6

 

F
e
b

ru
a

ry
-2

0
0

8
 

J
u
ly

-2
0

0
9

 

N
o
v
e
m

b
e
r-

2
0

1
0

 

Plummeting costs make clinical applications based  

on omic analysis increasingly practical 
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Moore’s law 
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Cost  

Approaching the $1000 genome 



International cancer genomics efforts are cataloging  

important genome aberrations in major tumor types 

Recurrent aberrations 

will be defined for major 

tumor types in 3 -5 years 

Copy number, mutations,  

structural changes, 

expression, splicing, 

promoter methylation, 

miRNAs, protein levels 

Cancer Genome Atlas Research Network.  

 

Comprehensive genomic characterization 

defines human glioblastoma genes and 

core pathways. Nature, 455:1061, 2008.  

 

Integrated genomic analyses of ovarian 

carcinoma. Nature, 474:609, 2011.  

 

http://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=An external file that holds a picture, illustration, etc.
Object name is nihms68048f5.jpg [Object name is nihms68048f5.jpg]&p=PMC3&id=2671642_nihms68048f5.jpg
http://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=An external file that holds a picture, illustration, etc.
Object name is nihms68048f5.jpg [Object name is nihms68048f5.jpg]&p=PMC3&id=2671642_nihms68048f5.jpg


State of the cancer ome 

• Remarkable genomic and epigenomic heterogeneity between and 

within tumors 

• One pathway can be deregulated by many different aberrations 

• Subtypes are defined by  

aberrations at multiple levels: 

mutation, structure, copy  

number, chromatin  

modification, ncRNA, …   

• Subtypes defined by  

recurrent aberrations are  

associated with outcome 

• Response varies with subtype 

 



Identification of recurrently deregulated pathways  
from multi-dimension analysis 

Mesenchymal* Desmoplasmic* Immunoreactive* 

Dysregulated pathways in  

Glioblastomam Nature 455,  
1061,  2008  
 



The omic analysis goal is to identify aberrant pathways  

that can be targeted therapeutically  

Chin & Gray, Nature 2010 

Personalized cancer management is based on the 

concept that cancers evolve malignant phenotypes 

through idiosyncratic deregulation of a limited 

number of pathways 



    Conventional therapy 

    All patients get same therapy 

     Personalized therapy 

     Identify patients with different prognosis and  

     different responses to therapy 

Changing paradigm 

Optimizing therapeutic management 



Hundreds of aberrant pathway targeted compounds  

are approved or under development 
Twenty billion dollar annual 

investment 

These are now available 

for consideration as 

aberration targeted 

compounds 



Agents targeting driver genomic aberrations  
are proving effective 

Drug Cancer Aberration 

Imatinib mesylate CML BCR-ABL translocation 

Imatinib mesylate 

Sunitinib 

Nilotinib 

Dasatinib 

GIST 

Dermatofibrosarcoma protuberans 

Hypereosinophylic syndrome 

Melanoma 

c-KIT mutation 

PDFGR mutation 

Trastuzumab 

Pertuzumab 

Lapatinib 

 

Breast 

 

HER2 amplification 

   

Gefitinib, Erlotanib 

Cetuxumab 

Lung,  

Bowel 

EGFR mutation 

   

PKC412, SU11248, 

CMT53518  

AML, ALL  

 

FLT-3 mutation, tandem 

duplication 

PARP inhibitors Breast, Ovary BRCA1/2 mutation 

PLX4032 Melanoma BRAF 

Crizotinib Lung EML-4 ALK 



Business opportunity 

• Managing and interpreting Petabyte scale data  

– Research 

• Pathways 

• Therapeutic target identification 

• Matching compounds to pathways 

• New drug trials with tissue collection and omic analysis 

– Clinic 

• HIPPA compliant data management 

• CLIA assays of omic information 

• Clinical interpretation of individual omic information 

• Omic guidance of patients to optimal clinical trials 
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How can we efficiently establish associations between  

ome & response? 



The cancer cells grown in the laboratory model many 

important aspects of the cancer “ome” 



High throughput laboratory model systems are now being  

used to identify response mechanisms and markers 
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Breast cancer 

cell line 

collection 

2D & 3D 

culture 

Molecular data:  9 data types 

Drug response Response 

status 

Molecular 

drug/siRNA  

response 

signatures 

We measure cancer cell line 

responses to establish 

associations with molecular 

features 
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For ~50% of drugs, subtype signatures were found to  

significantly associated with response 

What drives this specificity? 

Griffith, Daeman 

AKT1/2 inhibitor 



Cancer Genome Browser  

PARADIGM activities Informatics consortium 

 

Understanding responses in pathway context 

 

Stuart/Haussler et al 

SU2C 



“Super Pathway” Analysis 

• Many small pathways are nice for 
understanding specific contexts but 
information is duplicated or 
incomplete when assessed 
independently 
 

• Merge all small pathways using an 
exhaustive breadth-first search of 
the current database of pathways 

Stuart, Goldstein, Benz, Haussler 



Subnet activity nodes “explains” subtype- 

specific drug response 



A close coupling to the clinic: I SPY 2 
Testing the in vitro model predictions 

 
Cell line response predictions will be 

assessed for each drug 

Esserman, et al 



Participating Trial Sites 



Integrated, omic intense clinical and preclinical studies  

are needed to improve the preclinical systems  

 

Refine the preclinical model 



Business opportunity 

 

– Improved models to predict clinical response 

– Identification, validation and clinical delivery of predictive 

markers 

– Efficient clinical trials to test experimental drugs and markers 
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Our problem is that this does not always work  

as well as we might like 
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Paclitaxel plus 

lapatinib 

Paclitaxel plus 

placebo 

Lapatinib 

Initially effective but not durable 

–  especially in metastatic disease –  

Why? 



Confronting the reality of complexity - Responses are influenced  

by features that take us beyond genomics  

PI3K a,b,g,d 

PDK1 

Akt 

mTorC1 

S6K1 

S6 

TSC2 

Rheb 

MEK 

MAPK 

mTorC2 

PRAS40 

RAF 

PKCα 

COX2, CREB, cJun, NFkB,  ATF2,  

ER, Tcf/Lef, Rb, AP1, cFos,  

CXCR4, ETS, HIF1a, 

MYC -> CBX5 

HER3, PDK1, Akt, … 

IRS1 

Emergent properties  

of complex systems 



Rationale for spatial systems biomedicine 
30 

Omic cataloging is an important first 

step in personalized cancer 

management.  Understanding the 

“ome” in spatial-temporal context is the 

second. 



Revolutionary advances in measurement science 

are enabling direct studies of these processes 

We now have the tools to explore the “ome” in context  

biomedicine in four dimensions 

 

 

 

 Understanding these processes in four dimensions (space and 
time) will enable development of microenvironment 

independent therapies. 

Cells and tissues – normal and 
malignant - are inherently 
three dimensional signaling 
“molecular machines” and the 
compositions and functions of 
which vary over time and 
anatomic location.  



Collaborative Science Research Building 
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Emerging Partnerships: OHSU-FEI Living Laboratory 

The OHSU-FEI Living Laboratory for Spatial Systems Biomedicine represents an 

innovative new approach to solving complex biomedical research problem that combines 

FEI’s expertise in scientific instrumentation and work-flow management with OHSU’s world-

class expertise in cancer research. 

 

 

 



OHSU Center for 

Spatial Systems 

Biomedicine 

Support for Multiple Scientific Endeavors  

34 



Business opportunities 

• Next generation analytical instrumentation 

• Multiscale imaging for earlier cancer detection, diagnosis 

and prediction of response to therapy 

• Microenvironment targeted therapies 

• Software and hardware to organize and interpret large 

scale imaging data 
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Breast cancer genomes – making sense of complexity 

 

Our understanding of the cancer “ome parts list” continues to 

grow 

 

Integrating diverse omic data into superpathways provides 

insights into cancer biology and treatment that should now be 

tested clinically 

 

Spatial systems biomedicine – a next step toward 

personalized, durable disease treatment 

 

Rapid translation from the laboratory to the clinic requires 

close public-private sector collaboration 

 

 


