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Mouse model of tumor rejection – panel of sarcomas

Some mouse sarcomas are naturally 
rejected while others grow out

Matsushita et al, Nature 2012
Schreiber lab



Checkpoint blockade works in progressor tumors

aCTLA4/aPD1 treatments “cure” the mice

Gubin et al, Nature 2014



scRNA-seq analysis of TIL’s
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Tumor disaggregation 

CD45+ sort

4 conditions:

• Control (tumor)

• Tumor + aPD1 

• Tumor + aCTLA4

• Tumor + aPD1/aCTLA4



scRNA-seq experimental pipeline
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Experiment Cell isolation
10x Chromium 

controller

Samples ready 

for sequencing

Sequencing: Illumina HiSeq

4000, 8 lines

Analysis: Cell Ranger, Seurat

• ~3500 cells/condition

• ~95,000 reads/cell

• ~1,000 genes/cell

~20.000 live 

cells per sample



Visualization and clustering:
19 subclusters
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14493 cells: 4 conditions together



https://artyomovlab.wustl.edu/shiny//single_cell_explorer/?secretToken=schreiber_ss1_engu1aeT

Original layout:

Reprocessed but still good biology:

GSE119352_SRA765288  @ http://artyomovlab.wustl.edu/sce/

Datasets

https://artyomovlab.wustl.edu/shiny/single_cell_explorer/?secretToken=schreiber_ss1_engu1aeT
http://artyomovlab.wustl.edu/sce/


Myeloid T-cells NK-cells

Three main populations: Cd14, Cd3d, Ncr1



Myeloid T-cells NK-cells

Note duplicate cluster!
Not a real thing!!!



F4/80

Plasmocytoid DCs
CD103+ DCs

Neutrophils

Eosinophils

Macrophages

More myeloid subpopulations:
Adgre1 (F4/80), SiglecH, Cd103, S100a8…



More lymphoid subpopulations:
Cd8a, Cd4, Foxp3…



More lymphoid subpopulations:
Cd8a, Cd4, Foxp3…



Mki67



Mki67



Mki67 lymphoid has Cd4 T + Cd8 T + NK cells



Mki67 lymphoid has Cd4 T + Cd8 T + NK cells

Take home message:
clustering is mathematical exercise,

it does not prove real biology – it only suggests it!



Notice that t-regs are gzmb positive! (first shown by tim ley)

Action markers: Ifng, Prf1, Gzmb



Checkpoint markers: Pdcd1, Ctla4, Icos…



Subpopulation structure in our data



Is scRNA-seq accurately tracking populations?
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Zoom in on Lymphoid Compartment (scRNAseq)

14493 cells

4989 cells

Gubin, Esaulova, Ward et al, Unpublished data



Lymphoid Compartment Annotation (scRNAseq)

Lymphoid: 4989 cells

CD4_2

CD4_1

Treg

CD4_3

CD8_1

CD8_2

Tgd

Ki67hi

NK_1

NK_2

NK_3

Gubin, Esaulova, Ward et al, Unpublished data



Lymphoid Compartment Annotation (scRNAseq)

Lymphoid: 4989 cells

CD4_2

CD4_1

Treg

CD4_3

CD8_1

CD8_2

Tgd

Ki67hi

NK_1

NK_2

NK_3

Gubin, Esaulova, Ward et al, Unpublished data



a
-P

D
-1

 +
 

a
-C

TL
A

-4

C
o

n
tr

o
l

a
-P

D
-1

a
-C

TL
A

-4

%
 o

f 
Ly

m
p

h
o

id

Gubin, Esaulova, Ward et al, Unpublished data

a-PD-1 + 
a-CTLA-4Control mAb a-PD-1 a-CTLA-4

Remodeling of Intratumoral Tregs Upon Immune 
Checkpoint Blockade Therapy (scRNAseq) 



No only lymphoid cells, but also macrophages 
have treatment associated changes
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Macrophage subpopulations undergo 
changes, but overall fraction does not change
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Macrophage subpopulations undergo 
changes, but overall fraction does not change
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Macrophage subpopulations undergo 
changes, but overall fraction does not change
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Macrophage subpopulations undergo 
changes, but overall fraction does not change
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Macrophage subpopulations undergo 
changes, but overall fraction does not change
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All macrophage clusters change with 
treatment
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All macrophage clusters change with 
treatment
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What are these clusters?

Are they real?



Cluster 4: pro-inflammatory 
macrophages
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Cluster 4 is defined by exclusive CD1d1 
expression
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Cluster 4 is defined by exclusive CD1d1 
expression
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Cluster 2: anti-inflammatory 
macrophages
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Cluster 2: expression of Mrc1 (CD206)
and exclusive expression of Cx3cr1
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Cluster 2: expression of Mrc1 (CD206)
and exclusive expression of CX3CR1
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Transition from anti-inflammatory to pro-
inflammatory macrophages
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Monocle

B

Pseudotime suggest that cluster 1 
is the “point of origin”



Starts from Ccr2+ population - monocytes

Monocle

B
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How to validate all 

findings from 

scRNA-seq?



Immunophenotyping using Time Of Flight Mass 

Cytometry (CyTOF)

Figure 2. Workflow summary of mass cytometry. Cells are stained with epitope-specific antibodies 

conjugated to elemental isotope reporters, each with a different mass. Cells are nebulized into single-
cell droplets, and an elemental mass spectrum is acquired for each. The integrated reporter signals for 

each cell can then be analyzed using traditional methods as well as more advanced approaches such 
as heat maps of induced phosphorylation and tree plots. Adapted from Bendall et al, 2011. 

Adapted	from	Bendall et	al,	2011

Figure 1. Spectral overlap issues can be circumvented with mass cytometry. 

Left: emission spectra for 8 commonly used fluorophores. Right: mass spectra of 30 
enriched stable lanthanide isotopes. 

CyTOF 2

Fluorescence 
based cytometry
is limited by 

spectral overlap

Mass spectrometry 
based cytometry
permits evaluation of 

many more parameters 



Why use both scRNA-seq and CyTOF for 
analyses?

scRNA-seq CyTOF

• reasonably affordable

• detects proteins

• ~30-40 proteins

• ~100.000 cells per sample

(better to see minor cell 

populations)

• biased clustering
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• more expensive

• detects transcripts

• ~4000 genes per cell

• ~10.000 cells per sample 

• unbiased clustering



CyTOF analysis of Tumor Infiltrating 
Leukocytes’s

46

✕2(✕5)

Tumor 

disaggregation 

CD45+ sort

• Lymphoid panel 

(35 Ab)

• Myeloid panel

(37 Ab)

✕2(✕5)

✕2(✕5)

✕2(✕5)



Antibody panels, designed to dissect two major 
TIL populations
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CyTOF: macrophages constitute large portion of 
cells

48

4 conditions together, 200,000 cells



Striking correspondance between the 
transcriptomic and protein data
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200,000 cells

CyTOF scRNA-seq



Macrophages constitute large portion of cells 
and undergo changes with treatments
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4 conditions, 150.000 cells



Cx3cr1 and Nos2 correspondence between 
scRNA-seq data and CyTOF
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Cx3cr1+ cluster Nos2+ cluster
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Cx3cr1+

%
C

D
4

5
+

 c
e

lls



Transition from anti-inflammatory to pro-
inflammatory macrophages?
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Monocle

B

Pseudotime suggest that monocytes 
are the “point of origin”
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14% 13% 6% 5% 3% 3% 3% 4%

13% 5% 4% 7% 4% 2% 2% 2%

CYTOF timecourse confirms this directly



Development of proinflammatory subset
is IFNg dependent



Development of proinflammatory subset
is IFNg dependent

How about anti-inflammatory Cx3cr1+ macrophages?



Cluster 0 is the Cx3cr1+ population



Cluster 5 is the Cx3cr1+ population

GSE119352_SRA765288  @ http://artyomovlab.wustl.edu/sce/

http://artyomovlab.wustl.edu/sce/


Download Cluster 5 markers



Download Cluster 5 markers



http://artyomovlab.wustl.edu/genequery/searcher/

Insert top ~100 into GeneQuery

http://artyomovlab.wustl.edu/genequery/searcher/


http://artyomovlab.wustl.edu/genequery/searcher/

Insert top ~100 into GeneQuery

GSE57686

http://artyomovlab.wustl.edu/genequery/searcher/
http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE57686


GeneQuery suggests that there is connection b/w 
Cx3cr1+ macrophage subset and 
CSF1-dependent macrophages



Let’s go to phantasus to explore it further!

Follow the recipe:
• Check for scale
• Log2 transform
• Qnorm
• Collapse
• Compute mean
• Keep top ~10000 genes
• Run diff expression
• Run GSEA against Cluster 5 signature



Follow the recipe:
• Check for scale
• Log2 transform
• Qnorm
• Collapse
• Compute mean
• Keep top ~10000 genes
• Run diff expression
• Run GSEA against Cluster 5 signature

After last step..



Very significant similarity:
Cluster 5 predicted to be Csf1-dependent!



Proinflammatory

Anti-inflammatory
Monocyte-like

Ifng- vs Csf1- dependent subsets

Ifng

g

Csf1?



Ifng- vs Csf1- dependent subsets

Can this knowledge help?

Proinflammatory

Anti-inflammatory
Monocyte-like

Ifng

g

Csf1?



Combination treatments!

Anti–PD-L1 Treatment Results in Functional Remodeling of the Macrophage Compartment

H. Xiong et al, Cancer Res; 79(7) April 1, 2019




