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What’s So Great About Flow? 

•  Study heterogeneous primary tissues 

•  Pinpoint abnormal cell subsets 

•  Identify and track cancer stem cells 

•  Look not just at ‘pathways’, but the 
broader signaling network 

•  Identify targets for drug discovery 

•  Choose, monitor, & optimize therapies  

•  Understand mechanisms of cell/cell and 
disease cell/host cell interactions 

•  Detect disease earlier 

Irish, Kotecha, and Nolan, Nat Rev Cancer 2006 

Can we begin discovery in human samples? 

 

Can we spot pre-transformation cells?   

Is there a rare, therapy-resistant subset? 

Are there off-target effects of a drug? 

What (signaling) mechanisms enable cells to 
resist a particular therapy? 

 

Do patients that share responses share profiles? 

How do cancer cells interact with and alter the 
host microenvironment or immune system? 

Can we detect circulating cancer cells or 
immune cells that encountered tumor? 

Challenge Example Question 



Flow cytometry allows tens of measurements per cell 

Expose to condition 
Stain with antibodies of interest 

Collect cells 

Extract Cells 

Analysis Steps 
p-Stat6 p-
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 1.  Identify live cells 

2.  Identify cell type 
3.  Evaluate cell signal 



Dramatically Different Profile in Immune Defender Cells 

J. Irish 

+2.5 fold 

- no change 

-2.5 fold 
log2 scale 
Stimulated / Control 

83% B (cancer) 

17% T (immune  
defender cells) 

profiling a lymphoma patient 



Diagnostics 

Kotecha, et al.  
Cancer Cell 

Mechanism 

Perez, et al.  
Blood,  

Krutzik, et al.  
Nat Chem Bio 

Screening 

Krutzik, et al.  
Nat Methods 

Technique 

Bad  
Guy 
Cells 

Irish, et al. Cell 





Key Tools 

1)  Access to samples  
- ideally uniform initial therapy  
- long term clinical outcomes or paired samples  
- balanced training and testing sample sets  

2)  Flow cytometry & signaling network profiles  
- map signaling in every cell within a tumor specimen 
- markers for tumor, non-malignant, and cell subsets  
 - cell sorting for follow up studies of genetics and epigenetics 

 
3)  Cloud computing to link all our knowledge & tools 

- data storage & annotation, data sharing 
- web based analysis tools for researchers 
 - computational analysis & modeling tools (SPADE) 
 - informatics (patient information, ontologies) 
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References of Examples 

•  Lymphoma 
–  Irish et. al PNAS 2010 

•  Drug Discovery 
– Krutzik et. al Nature Chemical Biology 2008 

•  Mass Cytometry 
– Bendall et. al  Science 2011 



Mapping Signaling in Every Cell using Flow Cytometry 

Irish et al., PNAS 2010 



The Subset Was Termed “Lymphoma Negative Prognostic” (LNP) Cells 
Because They Are Found in Patients with Poor Clinical Outcomes 

 

Every 1% LNP cells in the tumor at diagnosis  
increased the patient’s risk of death in the next year by 2.5% 

Irish et al., PNAS 2010 Samples obtained prior to therapy; uniform initial therapy 



Primary Cell Screening using Phosphoflow 

4 natural products + 4 commercial inhibitors 

Titrate 6 concentrations of each compound 

Stimulate with IFNg, IL-4, IL-6, IL-7, IL-10, IL-15  

Analyze B cells, CD4+ and CD4- T cells,  
CD11b-hi neutrophils, CD11b-int macrophages 

Measure Stat1, Stat3, Stat5, Stat6 phosphorylation 

Phospho  
Flow 

Krutzik et al, Nature Chemical Biology, 2008 



Blood 
•  Total cell measure from 
the blood indicates no 
drug effect. 

•  Looking at individual cell 
types shows B cells are 
potently inhibited 

Krutzik et al,  
Nature Chemical Biology, 2008 





Mass Cytometry: 30+ parameters & no compensation 

  
Cytokines  & Growth Factors   (G-CSF) 
Apoptosis Pathways   
Phosphatase Activity  (H202) 

Assays to Relevant Biological Pathways: 

  Fix &  
Perm   Stain 
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www.cytobank.org/nolanlab 
Bendall et. al Science 2011 

Qiu et al Nature Biotech 2011 

SPADE allows for analysis of high dimensional cytometry 
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Analysis and annotation of flow cytometry data is fragmented  

Compensation + Transformations + 
 Gating 

Experiment = 
Collection of FCS files 
 

Patient Sample 
Phosphoflow 
assay 

Flow  
Cytometer 

Raw Data 
+ 
Machine settings 
+ 
Keyword/Value pairs 
(Vendor determined) 

FCS 3.0 File 

P rofile 	  C hart	   (2)

0.04 ng GM 0.16 ng GM 0.32 ng GM 2 ng GM 10 ng GM

Advanced Analysis, 
Aggregate Views 

Figures to communicate results 

Experimental Context 
Stimulations, Inhibitors, 
Sample IDs 
 
Source: Lab Notebook 

 
Machine settings 
Raw values 
 
Source: FCS Files 

Data Preprocessing (Compensations, 
Transformations) 
Data filtering (Gating) 
FCS file groupings 
 
Source: Analysis Program 

Advanced analysis,  
Aggregate Views 
 
  
Source: Statistical Programs 

Digested Figures 
+ Results 
 
  
Source: PPT Presentation 
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NCBO: Key activities - http://www.bioontology.org/ 

•  We create and maintain a library of 
biomedical ontologies. 

•  We build tools and Web services to 
enable the use of ontologies and their 
derivatives. 

•  We collaborate with scientific 
communities that develop and use 
ontologies. 

Nigam Shah 



Nigam Shah 



Integration with NCBO BioPortal 



Ontologies (Initial Set) Used in Cytobank 
Keywords 

•  Gene Ontology, Gene Ontology Extension, 
•  ICD10, ICD10CM,  
•  Logical Observations Identifier Names and Codes (LNC),  
•  MedDRA (MDR),  
•  NCI Thesaurus (NCIt),  
•  RadLex (RID),  
•  SNOMED Clinical Terms (SNOMEDCT),  
•  Medical Subject Headings (MSH),  
•  Online Mendelian Inheritance in Man (OMIM)   
•  Molecule Role (INOH Protein name/family name ontology) 

(IMR) 



Add Keywords To a Cytobank Experiment 
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www.cytobank.org/nolanlab 





www.cytobank.org/facselect 



For figures based on large datasets or new statistics / analysis 
tools, always show representative primary data 
 

 Conclusions: Analysis & Presentation 

Annotate at the cytometer – it will save time and help find 
files later 

Organization, experiment design, and annotation are critical  
 

-  computational analysis (e.g. SPADE) 
-  collaborations & long term projects 
-  sharing data with publications 





Thank you! 

nikesh@cytobank.org 



Extras 






