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Tumor-host immune interaction 
affects tumor development, progression, prognosis 

Host immunity in the genital mucosa, Nature Medicine 19, 280–288 (2013) 2 



Genomic profiling of TILs in human cancers 
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Quantified the immune cytolytic activity based on expression of two cytolytic 
effectors, GZMA and PRF1 across 18 tumor types. 
(Rooney et al. Cell 160, 48–61, January 15, 2015) 

Characterized the immune landscape in 107 CRC patients by analyzing 28 immune cell 
 types infiltrating tumors. (Bindea, et al. Immunity 39, 782–795, October 17, 2013) 

Characterized the immune phenotypes and 
Antigenomes of 598 CRC tumors. 
Angelova et al. Genome Biology (2015) 16:64 

Poster #69 
By Yasin Şenbabaoğlu 
profiled infiltration levels in 
19 tumor types by mRNA-
based T cell infiltration 
scores. 
  



RNA-Seq  
Data 

T-cell 
repertoire 

B-cell 
repertoire 

Infiltrating 
immune cells 

Analysis  
modules 

 Expression 
 Clonality 
 Diversity 

 Expression 
 Clonality 
 Diversity 

 Density 
 Composition 
 Phenotype 

Clinical 
Outcomes 

Data integration 
 Correlation 
Multivariate 
 Survival 

Scoring system 

Automated  
pipeline 

4 
Linghua Wang, 5/12/2015 
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Goals 

Use T-cell receptor (TCR) and B-cell receptor 
(BCR) gene expression to characterize TILs. 
 
TCGA colon adenocarcinoma 
TCGA testicular germ cell tumors 
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Structure of B cell and T cell antigen receptors 
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http://www.shaltech.com/about-lymphoma/ 
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TCR and BCR gene loci, orientation and structure 

TCR-beta TCR-alpha 

BCR, heavy chain BCR, Light chain (lambda) BCR, Light chain (kappa) 

http://atlasgeneticsoncology.org/Genes 



TCR-beta gene structure 

V-Gene:  Green box: Functional;  Yellow box: Open reading frame;  Red: Pseudogene. 
D-GENE: Blue: Functional.  
J-GENE: orange: Functional .  
C-GENE: Blue: Functional.  
Purple: GENES NOT RELATED, Functional;  
Purple open box: gene not related, Pseudogene.  
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http://atlasgeneticsoncology.org/Genes/TCRBID24 



V(D)J recombination 

9 https://laikaspoetnik.wordpress.com/tag/vdj-recombination/ 
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TCR-V-beta locus TCR-V-Alpha locus 

Diversity of TCR/BCR expression 

CRC, representative cases 



Biclonal 
TCR-Vb 

TRBV23-1 

TRBV27 
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Quantify TCR/BCR expression using RNA-seq data 

A T-cell lymphoma sample 

Count the sequencing reads on each  
gene segments and normalized it  
with sequencing depth and gene length. 



Monoclonal signature Polyclonal signature 

TRBV20-1 TRAV9-2 

Rearrangement breakpoint 
Rearrangement breakpoint 
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Examining TCR/BCR clonality by analyzing the 
 soft-clipped sequencing reads 
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TCR expression in T-cell lymphoma patients 
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BCR expression in a B-cell lymphoma patient 
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TCR repertoire in this B-cell lymphoma patient 

Expression (FPKM) 
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MS status 

TCR expression  
In TCGA-CRC  
(n=63) 
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BCR expression  
In TCGA-CRC  
(n=63) 



TCR 

BCR 

P=0.0013 (MSI vs MSS) 
P=0.054 (POLE vs MSS) 

Linghua Wang, 5/12/2015 
18 

TCR expression in CRC is associated  
with MS status (n=63) 

P>0.05 

Expression 

72% 

20% 
40% 

51% 
30% 40% 

Hyper-mutated Ultra-mutated 
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 Characterization of TIL subpopulations using  
defined immune “metagenes” 

Gene list 1 (Angelova et al. Genome Biology (2015) 16:64): 
812 genes for 28 immune cell subpopulations. 
 
Gene list 2. (Bindea, et al. Immunity 39, 782–795, October 17, 2013) 
507 genes for 25 immune cell subpopulations 

List 1 
698 

114 List 2 
393 
 

Overlapped: 114 genes for 24 cell types 
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TCR 

BCR 
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List 2 

TCR/BCR, 
immune 
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Expression  
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TCR expression  
In TGCT 
patients 
(n=138) 
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BCR expression  
in TGCT 
patients 
(n=138) 
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TCR/BCR expression in TCGA-TGCT is associated 
with histopathological subtypes 

TCR 
P<0.0001 (S vs NS) 
P=0.0001 (Mixed vs NS) 

BCR P<0.0001 (S vs NS) 
P=0.0037 (Mixed vs NS) 

15% 

50% 

11% 

15% 
32% 

8% 
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Treatment outcome 
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TCR 

BCR 

P=0.0113 

P>0.05 

TCR expression in TCGA-TGCT is correlated with 
treatment outcomes 
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Summary 

• The presence and density of TILs can be 
estimated by analyzing the TCR/BCR gene 
expression using RNA-seq data; 

• TCR/BCR expression profiles are associated 
with molecular phenotypes and treatment 
outcomes.  
 

Linghua Wang, 5/12/2015 27 



Future Directions 

• To extend the analysis to TCGA pan-can project, 
get a comprehensive picture of immune signatures 
in major types of human cancers; 

• To correlate the immune signatures with 
mutational signatures for more insights; 

Linghua Wang, 5/12/2015 28 
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