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TUMOR HETEROGENEITY 

Almendro et al., Annu. Rev. Pathol. Mech. Dis. (2013) 

Heterogeneity in tumor cell phenotypes is a 
multifaceted phenomenon that arises from 
the interplay between genetic heterogeneity 
and the nongenetic factors that shape cellular 
phenotypes 



Swanton,  Cancer Research (2012) 

 
 Diversity in cancer cell populations  

• TRUNKS OF THE TREE 
Common or ubiquitous events in the 
tumor 
• BRANCHES and LEAVES 
Heterogeneous somatic events 



Bendall SC & Nolan GP, Nature Biotechnology (2012) 



Bendall et al., Science (2011) 

Work-flow summary of mass cytometry analysis 
• Cells are stained  with 

antibodies are labeled with 
isotopically pure metals  

• Cells are nebulized into 
single-cell droplets 

• elemental mass spectrum is 
acquired for each 

• Analysis of the integrated 
elemental reporter signals for 
each cell  



Bendall et al. Trends in Immunology (2012) 



 
 high-dimensional, quantitative analysis at single-cell resolution 
 
 lack of background signal (autofluorescence) 
 
 the substantially greater number of parameters that can be simultaneously 

analyzed(45) 

an attractive platform currently available for highly multiplexed single-cell analysis 





  
• characterize human peripheral 
blood mononuclear cell (PBMC) 
signaling dynamics and cell-to-cell 
communication 
 
• signaling variability between 
PBMCs from eight human donors 
 

 
• the effects of 27 inhibitors on this 
system 
 



METHODS 

EXPERIMENTs DATA ANALYSIS 

PBMC isolation, culture and 
stimulation  

SPADE 

Time-course  PCA 

Inhibitor dose-response  VISUALIZATION 

Mass cytometry analysis  

In vitro kinase assays  



 
 Spanning-tree Progression Analysis of Density-normalized Events (SPADE) 

 
  computational tool  
 
 hierarchically clusters high-dimensional single-cell data  
 
 connects clusters of cells by a minimum spanning tree for two-dimensional visualization 

 
 

 

 The cell clusters were generate 
using 9 cell surface markers, 
CD33, CD20, CD3, CD4, CD7, 
CD123, CD14, IgM, and HLA-
DR  

 

 The cell surface marker expression levels of 
these trees were used to define 14 immune 
cell populations within the PBMC cellular 
hierarchy  



 
 SPADE-generated minimum spanning 
tree can also be used to  
 
 display the levels of the signaling 

molecules over the entire 4-hour 
stimulation time course, revealing 
subpopulation-specific signaling 
states and the signaling network 
dynamics of each cell type and 
subpopulation  



PCA   (Principal component analysis) 
 

o used to visualize the differences between various groups in the data, including all 
cell types, as well as the differences between all inhibitors 
 

o run on data stratified by various subconditions, including stimulation conditions 

Data visualization 
 

o all cell density plots and heat maps were created in Cytobank (http://www.cytobank.org/, 
Cytobank, Inc.) 



• Mass-tag cellular multiplexing 

RESULTS 

• Cells were covalently labeled 
with a bifunctional compound, 
maleimido-mono-amide-DOTA 
(mDOTA). This compound can 
be loaded with a lanthanide(III) 
isotope ion, and reacts 
covalently with cellular thiol 
groups through the maleimide 
moiety.  

 
•  Seven unique lanthanide 

isotopes were used to generate 
128 combinations, enough to 
barcode each sample in a 96-
well plate 

 
• A density dot plot of barcoded 

cells is shown with the y-axis 
and x-axis plot showing 
barcoding (BC) channel 1 
(lanthanum 139) versus 
barcoding channel 2 
(praseodymium 141).  



 
•  Time course analysis of PBMC signaling  



• Comparison of signaling response in PBMCs from multiple donors 

PBMCs 



• Systematic quantification of PBMC response to kinase inhibition 

  
 

• 18,816 quantified 
phosphorylation site 
levels per inhibitor 
from each multiplexed 
sample (12 stimuli × 8 
doses × 14 cell types × 
14 phosphorylation 
sites) 
 
• [Total 65,504 dose 

tritations]  
 

 
 



Inhibitor selectivity                                                                     

• inhibitors of the JAK-STAT pathway: 
• ruxolitinib  
• tofacitinib             STAT phosphorylation 
• lestauritinib  
• JAK2 inhibitor III 
• JAK3 inhibitor VI  
• pan-JAK inhibitor I 
•         agreement with in vitro kinase 

inhibition profile  

Generation of a cellular inhibitor 
“fingerprinting” 





Cell type selectivity 

can be 
used to 
reveal how 
different 
cell types 
and their 
underlying 
signaling 
network 
states are 
uniquely 
affected by 
given 
inhibitors 



• Systematic analysis of cell type and inhibitor similarity 

STREPTONIGRIN 



Inhibitor similarity 

•rapid classification of inhibitors based on their profiles at 
a given drug exposure or in a given experimental 
condition(inhibitors SP600125 and VX680) 
•characterization and identification of similar cell type 
responses to a given inhibitor 





• Comparison of inhibition response in PBMCs from multiple donors 



• MCB makes possible high-throughput experiments that are impractical to 
do using FBFC or mass cytometry alone  
 
 
•  allows analyses that span from the systems-level down to single pathways 
and molecules  
 
 
• provides an opportunity to study the connectivity of signaling pathways, the 
effects of inhibitors on feedback signaling, and intercellular communication  
 
 
• could be used to categorize drug effects or drug combinations, to eventually 
guide therapeutic strategies based on discrete knowledge of a patient’s 
cellular phenotypes and genotypes 
 
 
•  could be used directly as a tool for personalized medicine, with the 
pathway activation and drug response of a patient’s in vivo or ex vivo tissue 
samples used to guide therapy decisions 

CONCLUSIONS 



THANK YOU FOR YOUR 
ATTENTION 
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