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Merging “Perspectives”
OPSO and OBBR

Physical Scientist Cancer Biologist/Oncologist

How much energy is 
needed to do this?
How much force does it 
take to cross this barrier?
Are reactions rates altered 
during this process?
How much time does it 
take?
What is the spatial effect? 
Diffusion coefficient?
How many variables are 
needed to describe the 
system? 
What is the critical length 
scale?

What cell, molecule, tissue 
is it?
What changed?
What’s up/down regulated?
Do I see the same thing in 
several tumors?
Do I see specific 
biomarkers? 
What are the important 
signal transduction 
pathways?

Different ‘views’ of the same picture
Having both perspectives yields a more comprehensive 

(clearer) picture of what cancer is and how it functions at all 
levels – especially at the sub-molecular/atomic scales



Physical Sciences Perspective (PSP) 
High Content Screening (HCS)

Multiple 
Quantitative 
Parameters

Image 
Analysis
Software

Automated high-
throughput 

systems

HCS

A combination of high throughput technology & multiple parameter analysis



Advantages of HCS
Bridge the gap between depth and throughput of biological experiments
Standardize processing and analysis
Capture large quantities of key data not typically detected with single assays
Speed

Perkin Elmer Opera High Content 
Screening System

GE In Cell Analyzer Workstation

BD Pathway Bioimager

Systems optimized for single cells analysis for drug screening & discovery applications

Can we use this technology with a PSP for biospecimen research?

Physical Sciences Perspective (PSP) 
High Content Screening (HCS)



Example #1: 
Fluid biopsy collection, handling, and processing (CHP)

Circulating Tumor Cell

Number 
per 7.5 mL 

Blood

Cytokeratin +
CD45 -

CHP Variables
•Blood draw location
•Laying down vs. Sitting up
•Tube type/ Anti-coagulant
•Time to processing sample
•Shipping temperature
•Order of blood draw
•Length of time for tourniquet
•Many others…..

Difficult to measure the impact of CHP variables 
due to limited information

What about?
•Cell viability and integrity
•EpCAM negative cells
•Cell and nuclear morphology
•Cell clusters
•Pathological diagnosis
•Apoptotic cells
•Other molecular biomarkers



A Physical Sciences Perspective

Peter Kuhn, Ph.D.
The Scripps 
Research Institute

What information are we missing by 
using “single content” techniques?
What can’t we just look at everything?

http://physicsoncology.org/				/Lists/Principal Investigators/DispForm.aspx?ID=1


• ~3 million cells
• 9216 images/slides
• 25 GB/slide
• 4 slides/test

Scripps PS-OC PSP Platform
PI: Peter Kuhn

Rare blood cells?
Has an intact nucleus (DAPI+)
and has cytokeratin (tissue origin 
marker)
and LACKS CD45 (leukocyte origin 
marker)
and is morphologic distinct from 
surrounding leucocytes
and is displayed in diagnostic 
pathology quality

Rare blood cells?Rare blood cells?
Has an intact Has an intact nucleus (DAPI+)nucleus (DAPI+)
andand has has cytokeratin (tissue origin cytokeratin (tissue origin 
marker)marker)
andand LACKS LACKS CD45 (leukocyte origin CD45 (leukocyte origin 
marker)marker)
andand is morphologic distinct from is morphologic distinct from 
surrounding leucocytessurrounding leucocytes
andand is displayed in diagnostic is displayed in diagnostic 
pathology qualitypathology quality



Scripps PS-OC PSP Platform
PI: Peter Kuhn

High content with PSP platform
More Cells

Marrinucci D et al. Physical Biology 2012



Scripps PS-OC PSP Platform
PI: Peter Kuhn

Marrinucci D et al. Physical Biology 2012
Wendel M et al. Physical Biology 2012
Cho E et al. Physical Biology 2012

High content with PSP platform
Cell Clusters



Scripps PS-OC PSP Platform
PI: Peter Kuhn

Marrinucci D et al. Physical Biology 2012
Wendel M et al. Physical Biology 2012

High content with PSP platform
Specific disease biomarkers or response to treatment

Apoptotic Cells?
lung cancer

Androgen Receptor Positive?
prostate cancer



Text H33342
GFAP

GBM, male, 
35 years old

Example #2: 
Quantitative Pathology with PSP

Denis Wirtz, Ph.D.
Johns Hopkins University

What are the “physical”
biomarkers in cancer?
How do we quickly 
measure these 
markers?

Courtesy of Denis Wirtz



Text
Software identified 41,622 nuclei

Courtesy of Denis Wirtz

JHU PS-OC PSP Platform
PI: Denis Wirtz



Courtesy of Denis Wirtz



Courtesy of Denis Wirtz
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Courtesy of Denis Wirtz

JHU PS-OC PSP Platform
PI: Denis Wirtz



Conclusions

Incorporating a physical sciences perspective 
in cancer research forces us to ask new 
questions and can potentially expand our 
knowledge
Combining a PSP with high content assays 
provides new information to probe the effects 
of collection, handling, and processing 
variables quickly with multiple parameters



Physical Sciences in Oncology  Physical Sciences in Oncology  
(physics.cancer.gov)(physics.cancer.gov)
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