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“ As more drugs that target specific components of signal transduction 
pathways become available and as we increase our knowledge of the complexity 

of these signaling networks, the burden of selecting the right drug 
combinations for each individual cancer patient will ultimately shift to the 

pathologist who must identify the underlying defect in each tumor.”

Shaw and Cantley, Nature 2006

Individual patients“GBM” patients

The success of molecular targeted therapies depends on 
molecular diagnostics



Heterogeneity between patients Heterogeneity within a patient

Whether through clonal evolution 
or failure to eradicate a stem cell 
compartment, or both, cellular and 
molecular heterogeneity are 
central to therapeutic resistance 
in cancer patients!



Highly trans-disciplinary effort created, funded and supported through 
the NCI’s Centers of Cancer Nanotechnology Excellence Program –
already implemented and  poised to alter care in the clinic
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DEAL allows for the separation of a small piece of a heterogeneous tumor into defined 
cell populations for analysis at gene, transcript and/or protein level
We developed a technology called DEAL that allows for the separation of a very 
small tumor section into well-defined cell populations  for subsequent molecular 
analysis 



DEAL technology (Bailey et al., 2007; Kwong et al, 2009):

1.Highly multiplexed protein quantification – DEAL biobarcode assays
2.Capture of defined cell types from tumor samples – DEAL cell sorting arrays

Highly specific capture –98% capture specificity in a mixed 
population with as few as 1000 cells
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DEAL allows for the separation of a very small tumor section into well-defined cell 
populations  for in-depth molecular analysis 



BF DAPI      IF- anti-EGFR

FISH – EGFR amplification

Capture of EGFR expressing (EGFR-amplified) tumor cells directly from a clinical 
tumor sample
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Transcriptome analysis from defined tumor cell subpopulations captured from a 
GBM patient sample



Global analysis of DNA copy number in defined tumor cell subpopulations
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treatment
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Fix the cells and confirm
marker expression by IF
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Chromosomal gains or losses (e.g. 
EGFR amplification, polysomy of 

chromosome 7)

EGFR positive, etc…

Extract genomic DNA from both 
arrays for genomic amplification

Label DNA with Cy-3

Label DNA with Cy-5

(EGFR and EGFR/vIII DNA)

(CD45 and CD31 DNA)

Hybridize to
Agilent CGH array

Collaboration with Dr. Stanley Nelson



Global analysis of DNA copy number and targeted sequence analysis 
of defined tumor cell subpopulations captured on DEAL arrays

Frozen vs. blood EGFR vs. blood CD45/CD31 vs. blood

Enrichment for mutation
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Co-activation of all three GBM “core pathways” in a tumor 
subpopulation defined by EGFR expression 
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Adapted from TCGA Nature (2008)



Co-activation of three GBM “core pathways” in a tumor 
subpopulation defined by EGFR expression in multiple GBM patients

Summary to date:

•Captured defined cell populations 
from 80 clinical samples to date

•Performed in-depth molecular analysis 
of DNA copy number alterations, 
mutations in “core pathway” genes and 
transcriptional analysis of a subset

•Clear evidence of multiple genetic 
lesions in each of the core pathways in 
all of the samples studied in-depth



DEAL can detect rare tumor cells in histologically “normal” tumor margins 
that cannot be detected by pathological examination and molecular 
analysis of tumor tissue

Normal histology at tumor “margin”



Extending the technology to study networks at the 
single cell level



Single cell proteomics linking DEAL-based tumor cell capture with 
multiparameter quantitative proteomic measurement



Summary:

•Cytoplasmic signaling proteins and secreted proteins 
monitored under influence of biological, chemical or 
physical perturbations

•Resolution to the single cell level

•Information theory integrates measurements to produce 
a robust and predictive network connecting signal 
transduction pathways with genetic alterations (i.e. 
information from TCGA) and  with blood chip diagnostics

Quantitative measurement of signal transduction at the single cell level



Best 14 proteins
Expanded patient cohort

Goal: Non-invasive “real-time” monitoring of 
response to targeted therapy – Avastin as test case

Non-invasive, real-time monitoring of response to 
targeted therapy in GBM patients in the clinic
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Data is contrast 
enhanced – many 
changes are very 
low amplitude

U87 GBM Cell line – response of protein secretion profile to drugs for 12 proteins 
(GBM cells ‘look’ like immune cells here)



Best 14 proteins
Expanded patient cohort
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Best 21 proteins

•Cluster 1 – 7/7 (100%) of 
patients have tumor growth 
during avastin therapy

•Clusters 2,3 – 6/31(19%) 
patients have tumor growth 
during avastin therapy
•P<0.0001



DEAL to capture and facilitate 
single cell genomics of clinical 
samples

Integrated barcode 
chips for single cell 
proteomics

Blood barcode chips to monitor 
response to avastin in GBM 
patients



Thank you!


