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What’s So Great About Cytometry? 

•  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 



Permeabilize 

Overview: Compare cell signaling with Flow Cytometry 
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Diagnostics 

Kotecha, et al.  
Cancer Cell 

Mechanism 

Perez, et al.  
Blood,  

Krutzik, et al.  
Nat Chem Bio 

Screening 

Krutzik, et al.  
Nat Methods 
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Irish, et al. Cell 



Mass Cytometry: 40+ parameters & no compensation 

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

Assays to Relevant Biological Pathways: 
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The Effect of a Small Molecule Kinase Inhibitor on 
Normal Immune Signaling – Dasatinib Example 

S. Bendall & E. Simonds. et al. Science, 2011 



Deep Profiling of Immune and Drug Responses 
Across the Hematopoetic Continuum 

Bodenmiller B. et al. Nature Biotech, 2012 



Cytometry is growing more powerful …  
… in parallel the experiments, data sets,  

and analysis technique are also growing more complex 
 

How do we: 
Deliver advanced analysis & algorithms  
to biological and clinical communities? 

 
Lower barrier of entry for statisticians and computational 

biologists? 
 
 

(and meet technical needs of phospho-flow, fluorescent cell 
barcoding, and mass cytometry) 



Cytometry is growing more powerful …  
… in parallel the experiments, data sets,  

and analysis technique are also growing more complex 
 
 

How do we: 
Enable Garry Nolan’s next talk 

(Thu. Morning 9 am) 
 
 

(and meet technical needs of phospho-flow, fluorescent cell 
barcoding, and mass cytometry) 



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) 





Why did we build Cytobank? 
 
 
 
 



The Future of Single Cell Analysis 

Future of Cell 
Analysis 

CyTOF  
 

LSR ii 
 

FACSCalibur 
 



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 



Current Analysis Methods are not a scalable solution  

Parameters: 4 8 14 4 

Plots: 6 28 91 6 

Bendall, Simonds, et al. Science, May 2011 

Routine 

Individual Efforts 



Current Analysis Methods are not a scalable solution  

Parameters: 4 8 14 14 

Plots: 6 28 91 91 

Bendall, Simonds, et al. Science, May 2011 

Cutting 

Edge 

Joint Efforts 



Current Analysis Methods are not a scalable solution  

Parameters: 4 8 14 32 

Plots: 6 28 91 496 

Bendall, Simonds, et al. Science, May 2011 

Mass 
Cytometry 

Team Efforts 









 
 

How do we: 
Deliver advanced analysis & algorithms  
to biological and clinical communities? 

 
Lower barrier of entry for statisticians and 

computational biologists? 
 
 
 



Manage, Analyze, Share Cytometry Data on the Web 

Experiment = 
Collection of FCS files 

Inbox 

Analysis/Figures Details Page 



Create a new experiment and upload FCS files 

Launch web browser & 
Login to Cytobank 

Create a new Experiment 

Upload FCS Files 



Organize information around samples using 
Experimental Variables 

Identify populations of 
interest (gating) 

Assign samples to 
experimental variables  



Use Experimental Variables to create and pivot figures 

Arrange figure using 
Experimental Variables 

Plot controls to specify 
plot type and display 



Share results and analyses with 
collaborators and the community 

Individual and project level 
sharing for collaborators 

Make experiments public 
to share with community 



Cytobank Benefits (End Users) 

•  Manage, share and backup your raw data (fcs files) 
•  Share analyses and experiments with colleagues and 

collaborators 
–  Publication quality figures 

•  Managers and PIs – eliminate fear about “losing your 
data” when people leave their lab 

•  Core facilities/Service labs can use Cytobank for value 
added services 
–  Data management and backup 
–  Remote analysis and support 

•  Capture experiment information while creating figures 
–  “What did I measure in that experiment from 6 months ago 

again?” 

 



 
 

So… 
How is this working? 

 
 
 



Upload. Analyze. Share. Anywhere. 

User registered on www.cytobank.org 
as of December 2011 

A web-enabled device lets you get to your 
data from anywhere in the world ! 

“Working with CyTOF data 
on my iPad thanks to 
Cytobank. I feel so modern”  

Facebook status  
-- Regina Cheung, CA 

“196 samples fully analyzed, 
labeled and organized using 
Cytobank in only 50 min 
[instead of a week]! this is as 
fast as it gets!!!!!”  

Facebook status  
-- Ernesto Flores, CA 

“Cytobank is my life 
now!”  

Email to Cytobank 
-- Bindu Varghese, MA 

“I saw a demo of the 
software ! and said wow 
that will change my life!! 
Not many moments like 
that in science !”  

Email to Cytobank 
-- Aprille Seidelle,  
City of Hope, CA 

http://blog.cytobank.org/category/user-stories/ 



What Researchers are Doing with Cytobank 
•  Search “Cytobank” in Google Scholar  for 50+ citations 

(in < 2yrs): 
–  Specific cellular signal-transduction responses to in vivo combination therapy with 

ATRA, valproic acid and theophylline in acute myeloid leukemia 
•  Skavland et al (Norway) – Feb. 2011 Nature Blood Cancer 

–  CD137 stimulation enhances the antilymphoma activity of anti-CD20 antibodies 
•  Kohrt et al (Stanford) – Feb. 2011 Blood 

–  Cell-to-Cell Variability in PI3K Protein Level Regulates PI3K-AKT Pathway Activity 
in Cell Populations 

•  Yuan et al (Harvard) – Jan 2011 Current Biology 
–  Oxidative Stress Induces Reactivation of Kaposi's Sarcoma-Associated 

Herpesvirus and Death of Primary Effusion Lymphoma Cells  
•  Li et al (UCLA) – Jan 2011 Journal of Virology  

–  Poor cytokine-induced phosphorylation in chronic myeloid leukemia patients at 
diagnosis is effectively reversed by tyrosine kinase inhibitor therapy 

•  Jalkanen et al (Finland) – Sep 2010 Experimental Hematology 
–  Computational solutions to large-scale data management and analyses 

•  Schadt et al (California) – Sep 2010 Nature Reviews Genetics  

Phosflow 

Immunophenotyping 

Biochemistry 

Apoptosis 

Cancer 

Informatics 

More at http://blog.cytobank.org/publications 



Cytobank is the platform for CyTOF Analysis 

30+ parameters hosted and analyzed 
on Cytobank 

 
Bendall et al. Science 2011 

Fienberg et al. Cytometry 2012 
Behbehani et al. Cytometry 2012 

Bodenmiller et al. Nature Biotech 2012 



Published Data (and Protocols) for the community 
www.cytobank.org/nolanlab 

 

Experiment Protocols 
for flow and mass 
cytometry 

 
Conjugation protocols 

for mass cytometry 
 
Publications  

 linked to underlying 
data and analysis 
  

 
 

www.cytobank.org/nolanlab 



Publish Data & Annotations with Manuscript 

Bendall et al., Science 2011 data hosted by Cytobank 

Nolan lab mass cytometry dataset 
www.cytobank.org/nolanlab 
 
 
 



 
 

What’s Next? 
 
 
 



The Cytobank Platform 
Data Collection Hooks 
Integration with Core 
Facilities 
(e.g. Stanford) 
 

Translational 
Assays 
Drug Screening 
(Clinical) Reports 
 

High Dimensional 
Cytometry, 
Mass Cytometry, 
(SPADE, Large Scale 
Computations) 
 

Community Resources 
(BD FacsSelect) 
Public Cytometry 
Collections 

Accessible from any web-enabled device 
anywhere 



Integration with Core Facilities (Stanford) 

Retrieve experiment by URL 



The Cytobank Platform 
Data Collection Hooks 
Integration with Core 
Facilities 
(e.g. Stanford) 
 

Translational 
Assays 
Drug Screening 
(Clinical) Reports 
 

High Dimensional 
Cytometry, 
Mass Cytometry, 
(SPADE, Large Scale 
Computations) 
 

Community Resources 
(BD FacsSelect) 
Public Cytometry 
Collections 

Accessible from any web-enabled device 
anywhere 



Drug Discovery Assays (linked to underlying data) 

Cytobank Premium 



Signaling Diagrams (linked to underlying data) 

Cytobank Premium 



Add Ontological Keywords To a Cytobank 
Experiment 



The Cytobank Platform 
Data Collection Hooks 
Integration with Core 
Facilities 
(e.g. Stanford) 
 

Translational 
Assays 
Drug Screening 
(Clinical) Reports 
 

High Dimensional 
Cytometry, 
Mass Cytometry, 
(SPADE, Large Scale 
Computations) 
 

Community Resources 
(BD FacsSelect) 
Public Cytometry 
Collections 

Accessible from any web-enabled device 
anywhere 



Large Scale Computations (delivered to your browser) 

Cytobank Premium 



The Cytobank Platform 
Data Collection Hooks 
Integration with Core 
Facilities 
(e.g. Stanford) 
 

Translational 
Assays 
Drug Screening 
(Clinical) Reports 
 

High Dimensional 
Cytometry, 
Mass Cytometry, 
(SPADE, Large Scale 
Computations) 
 

Community Resources 
(BD FacsSelect) 
Public Cytometry 
Collections 

Accessible from any web-enabled device 
anywhere 



Published Data (and Protocols) for the community 
www.cytobank.org/nolanlab 

 

Experiment Protocols 
for flow and mass 
cytometry 

 
Conjugation protocols 

for mass cytometry 
 
Publications  

 linked to underlying 
data and analysis 
  

 
 

www.cytobank.org/nolanlab 



BD FACSelect: Link Interactive Data to Reagents 

http://www.cytobank.org/facselect 



BD FACSelect: Link Primary Flow Data to Reagents 

http://www.cytobank.org/facselect 



DVS Cytobank Resource 

http://dvs.cytobank.org 



Cytometry is growing more powerful …  
 

… in parallel the experiments, data sets,  
and analysis technique are also growing more complex 

 
 

We designed Cytobank to simplify data sharing and 
analysis for larger flow cytometry experiments 

 
 

(and to meet technical needs of phospho-flow, fluorescent cell 
barcoding, mass cytometry, and computational analysis) 



Cytometry is growing more powerful …  
 

… in parallel the experiments, data sets,  
and analysis technique are also growing more complex 

 
 

We designed Cytobank to enable Garry Nolan’s next talk 
(Thu. Morning 9 am) 

 
 

(and to meet technical needs of phospho-flow, fluorescent cell 
barcoding, mass cytometry, and computational analysis) 



Cytobank Inc: 
 

Chad Rosenberg  Chris Coveney 
Geoffrey Kraker  Jennifer Davis 
Angela Landrigan  Stu Blair 
Amy Lee   Robin Powell 
 
 
 

Projects: 
 

Jonathan Irish  Peter Krutzik 
Erin Simonds  Sean Bendall 
Matt Clutter  Tiffany Chen 
Michael Linderman  Rob Bruggner 
Zach Bjornson 
 
Rest of Nolan & Irish Lab 

  
 

More at  
blog.cytobank.org 

 
nikesh@cytobank.org 

 
Other references: 
dvs.cytobank.org 

www.cytobank.org/facselect 
www.cytobank.org/nolanlab 

DVS Sciences 
Becton Dickenson  

U	  Toronto	  &	  DVS	  
Sco$	  Tanner	  et.	  al.	  

Stanford:	  
Peng	  Qui/Sylvia	  Plevri6s	  

UCSF:	  
Mignon	  Loh/Nikki	  Flores	  
Kevin	  Shannon	  
	  

Becton	  Dickenson	  
Erika	  O’Donnell	  et.	  al	  
Bob	  Balderas	  

Join the Community – www.cytobank.org 

Garry	  Nolan	  



Thank you! 

nikesh@cytobank.org 


