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Nature 515:577-581 (2014) 

Whole exome sequencing/RNA-Seq plus epitope prediction revealed that the T3 
sarcoma cells express ~700 nonsynonymous mutations; 2 function as dominant 
neoantigens

Tumor-specific mutant neoantigens are favored targets for T cells reinvigorated by 
immune checkpoint blockade

Neoantigen-specific CD8+ T cells display both overlapping and distinct changes upon 
either anti-CTLA-4 or anti-PD-1 immune checkpoint blockade therapy 

Tumor-specific mutant neoantigen personalized vaccines display therapeutic efficacy 

U. Sahin (2012, 2014, 2017), L. Delamarre (2014), C. Wu (2017) 



Personalized Cancer Neoantigen Vaccine Extends the Immune 
Checkpoint Blockade Therapeutic Window for T3 Tumors 
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High Dimensional Analysis of Immune Checkpoint 
Blockade-Mediated T3 Sarcoma Rejection  



Visualization by tSNE: Fitting Data into 2 Dimensions 

http://www.jmlr.org/papers/volume9/vandermaaten08a/vandermaaten08a.pdf

tSNE (t-distributed stochastic neighbor 
embedding):
Non-linear  dimensionality reduction 
technique that aims to put data into 2 or 3 
dimensional space and save the “distance” 
between each two dots.

Transcriptionally similar cells will be close 
to each other.
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A glimpse into the complexity of  the 

tumor infiltrating lymphoid compartment



Focus on Lymphoid Compartment (scRNASeq)
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Lymphoid Compartment Annotation (scRNASeq)
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Lymphoid Compartment Annotation (scRNASeq)
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Immune Checkpoint Blockade Alters Intratumoral Tregs (scRNASeq)
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CyTOF Analysis Identifies Defined Populations of 
Lymphoid Cells Infiltrating T3 Tumors (37 mAb markers)



CyTOF Analysis Identifies Defined Populations 
of Lymphoid Cells Infiltrating T3 Tumors 



Specific Treg Subpopulations Are Depleted by Immune 
Checkpoint Blockade Immunotherapy (CyTOF)
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CyTOF Analysis Identifies Defined Populations 
of Lymphoid Cells Infiltrating T3 Tumors



Immune Checkpoint Blockade Therapy Remodels 
the Tumor Infiltrating CD8+ T Cell Compartment (CyTOF)
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Immune Checkpoint Blockade Therapy Remodels 
the Tumor Infiltrating CD8+ T Cell Compartment (CyTOF)



A glimpse into the complexity of  the 

tumor infiltrating macrophage compartment
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Shifts in Macrophage Subpopulations Upon Immune 
Checkpoint Blockade Treatment (scRNAseq)



Distinct Remodeling Patterns of the Macrophage 
Compartment Post-Immune Checkpoint Blockade (scRNAseq) 
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Cluster 1: Expression of Mrc1 (CD206) and 
Exclusive Expression of CX3CR1 (scRNAseq)
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Cluster 3: Elevated Expression of Nos2, 
PD-L1 (CD274) and CD1d1 (scRNAseq) 
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Cluster 3: Elevated Expression of Nos2, 
PD-L1 (CD274) and CD1d1 (scRNAseq) 
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Cluster 3 has enrichment in pathways 
such as:

• Hypoxia
• TNFa signaling of NF-kB
• Glycolysis



Cluster 4: Elevated Expression of Inflammation-Related Genes: 
Nos2 (iNOS), CD274 (PD-L1) (scRNAseq)
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Cluster 4: Elevated Expression of Inflammation-Related Genes: 
Nos2 (iNOS), CD274 (PD-L1) (scRNAseq)
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Cluster 4 has enrichment in pathways 
such as:

• Hypoxia.
• TNFa signaling via NFkB
• Interferon–g Response
• Inflammatory response



CyTOF Clustering of T3 Tumor-Infiltrating Lymphoid and Myeloid 
Cell Populations (37 mAb Specificities)
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CyTOF Analysis Reveals Reordering of T3 Sarcoma Myeloid 
Populations During Immune Checkpoint Blockade Therapy
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Macrophage Remodeling As Detected By CyTOF: 
Cluster 10: (CX3CR1+/CD206+) vs Cluster 4: (iNOS+/CD38hi)
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Conclusions
We have identified distinct subpopulations of lymphocytes and myeloid cells in progressively growing 
or therapeutically rejecting T3 sarcomas

The subpopulations display distinct transcriptional profiles and functional markers 

The subpopulations display distinctive sensitivities to anti-PD-1 and anti-CTLA-4, when administered 
either alone or together

Hypothesis to test: Do the subpopulations represent functional/dysfunctional or effector/inhibitory 
states of T cells (e.g., CD4+ T cells or CD8+ T cells or Treg)  and macrophages 

Work is ongoing to isolate individual subpopulations and determine their positive or negative 
functional effects on the anti-tumor response



Lessons and Take Home Messages

scRNAseq and CyTOF each have unique advantages and their utility is maximized when used in concert

Using high dimensional analysis approaches, we are identifying molecular and cellular changes that 
occur during successful cancer immunotherapy.  We hope to apply what we learn from this work to 
human cancer immunotherapy thereby rendering it more effective



High Dimensional Analysis of Immune Checkpoint 
Blockade-Mediated T3 Sarcoma Rejection  
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Lessons and Take Home Messages

Tumor neoantigen vaccines are safe, specific and effective in both preclinical tumor models and 
human cancer patients

Clinical trials have begun at WUSTL to test the safety, specificity and efficacy of personalized cancer 
vaccines in cancer patients

scRNAseq and CyTOF
Using high dimensional analysis approaches, we are identifying molecular and cellular changes that 
occur during successful cancer immunotherapy.  We hope to apply what we learn from this work to 
human cancer immunotherapy thereby rendering it more effective







Identification of Three Major CD4+ T Cell Subpopulations (scRNAseq)

Lymphoid: 4989 cells
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Remodeling of Intratumoral CD4+ T Cells Upon 
Immune Checkpoint Blockade Therapy (scRNAseq)
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Remodeling of Intratumoral CD4+ T Cells Upon 
Immune Checkpoint Blockade Therapy (scRNAseq) 
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Clusters 2, 3 & 4 Show the Strongest Increases Upon 
Immune Checkpoint Blockade Treatment (scRNAseq)
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Immune Checkpoint Blockade Therapy Remodels 
the Tumor Infiltrating CD8+ T Cell Compartment (CyTOF)
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