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immuneAccess Publication Link
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https://clients.adaptivebiotech.com/pub/beausang-2017-pnas
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Project Significance
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�Investigate clonal structure of T-cell receptor repertoire 
in breast tumors, normal breast and blood

�Look for distinct clonal structures

�Attempt to predict disease state from repertoire analysis 
alone

�Examine sharing of sequences between patients
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Project Background
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� Project
‒ Exploratory analyses of TCR cell diversity by deep level sequencing of the TCRB 

locus of breast tumor tissue, healthy breast tissue, and PBMCs from 18 early 
stage breast cancer patients

� Objective
‒ The objective of this study is to assess the TCR repertoire of tumor-, breast- and 

PBMC-specific T cell populations using metrics such as clonality, overlap within 
and between patients, and sequence specific properties such as insertion/deletion 
count

� Samples (16)
‒ 16 Subjects with Early Stage Breast Cancer
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Study Design
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�Samples (N = 16)
‒ 18 Subjects with Early Stage 

Breast Cancer

‒ Matched samples were 
sequenced using the 
immunoSEQ kit from:
• Healthy breast tissue
• Breast tumor tissue
• PBMCs

‒ A total of 2,651,842 templates 
across 1,097,674 unique 
clonotypes were detected

‒ Individual abundances ranged from 
1 to 28,508 templates per 
clonotype
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Productive Templates
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�Number of productive 
templates per sample for 
blood, normal tissue and 
tumor

‒ the number of templates is 
greatest in blood, followed by 
tumor. 
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T-Cell Density
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�T cell density
‒ Tumors contain ~2.5-fold 

higher density of infiltrating T 
cells than adjacent normal 
breast tissue. 

‒ Blood contains the highest 
density of T cells of the 3 
sample types
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Repertoire Structure: Fraction of Unique Clonotypes
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�Fraction of T Cells with  
Unique Clonotypes

‒ Lower in tumor than in either 
blood or normal breast tissue
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Abundance of Top 50 Clonotypes
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�Sum of frequencies of top 
50 clones in blood, tumor 
and healthy tissue

‒ Lower in blood than normal 
or tumor

‒ Normal approximately equal 
to tumor
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Clonality
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�Clonality statistic 
measures diversity of 
repertoire

‒ High clonality indicates 
presence of expanded 
clones

‒ Low clonality indicates lack 
of expanded clones

‒ Blood is more diverse than 
tumor or normal breast tissue

‒ Tumor has more expanded 
clones and is less diverse 
than normal tissue or blood
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Tumor Abundance and Avg. Clonality
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Patient BR21: Tumor % vs Normal Breast and Blood %
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�Enriched clones identified via scatterplots of tumor vs normal 
tissue and tumor vs blood
‒ approximately half of the tumor sequences are enriched, whereas 

about a third are enriched in normal breast
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Recreating Scatterplots Using the immunoSEQ Analyzer
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Distinguishing Repertoires from Tumor and Normal Breast
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�Tumor and normal breast samples may be distinguished by a 
linear model fit to the abundance of the top 100 clonotypes in 
blood with the corresponding abundance in either tissue
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Relative Abundance
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�Tumor enriched sequence abundance is not correlated with 
blood, but in healthy tissue, there is a subset that is correlated 
with blood. 
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Properties of Shared Clonotypes Between Patients
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Deleted and Inserted Bases
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Edit Distance

19



|  For Research Use Only. Not for use in diagnostic procedures.

Conclusions
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By comparing bulk T-cell repertoires from tumor and normal breast tissue in a cohort of 
patients with early-stage breast cancer, the authors were able to:

� Determine the clonal structure of infiltrating lymphocytes. These clonal structures 
were quite distinct between tumor and normal breast. 

� Distinguish tissues as normal or tumor solely on the basis of comparing T-cell 
repertoire with blood

� Identify a subset of T cells in each patient that were highly abundant in the tumor 
compared with normal breast; this population may represent a clinically relevant 
subset for future investigation. In many patients, however, these clonotypes were 
dominated by more abundant clonotypes, which were also highly abundant in normal 
breast, thus highlighting the large amount of background T cells in the tumor that 
complicate isolating and identifying tumor-specific T cells.


