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Single-cell sequencing of neoantigen-specific 
T cells from two patients with melanoma—
combined with transgenic reexpression of 
identified TCRs by CRISPR-Cas9–mediated 
orthotopic TCR replacement—revealed high-
functionality TCRs to be enriched in T cells with
RNA signatures of recent activation. Of 130 
surface protein candidates, PD-1 surface 
expression was most consistently enriched in 
functional TCRs validating findings from 
preclinical models, in which high PD-1 surface 
expression in peripheral blood also enriched 
for highly protective TCRs and shows that 
circulating tumor-reactive TCRs with high 
protective capacity are characterized by a 
signature of recent activation.

I N N O V A T I O N

Tumor antigen-specific T cells play a crucial 
role in the containment of cancer and are 
already used therapeutically in personalized 
medicine. It is known that the composition of 
the TCR repertoire changes both spatially and 
temporally in patients. In addition, TCR affinity
is thought to be critical for the protective 
effects of tumor-specific T cells. Identification 
of highly functional tumor-specific T cell 
receptors is therefore very complex, but of 
high importance for therapeutic and 
diagnostic purposes.
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Extratumoral activation signatures serve as a biomarker for identification of high-functionality 
TCRs of tumor-specific T cells
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T cells are key to anti-tumor immune responses and their ability to 
strongly engage antigens on tumors is crucial to their efficacy. T 
cell receptor (TCR) avidity is assumed to be a major determinant 
of the spatiotemporal fate and protective capacity of tumor-
specific T cells. This knowledge has been therapeutically 
harnessed.  Engineering T cells with a defined TCR is now possible 
in a precise fashion and opens up avenues for personalized 
medicine but for this understanding how tumor-specific T cells are
programmed by their TCR is highly relevant.
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01 PD-1 surface protein best enriches
for tumor-specific functional 
TCRs

02 Identification of characteristic 
phenotypic features of tumor-
reactive TCRs with a high protective 
capacity

03 Applicable for therapeutic and 
diagnostic purposes

04 Simple and cost-efficient and 
applicable in peripheral blood 
samples of patients

Isolation of tumor-protective, 
high-avidity TCR T cells

This experimental system aims at 
investigating the TCR affinity-dependent 
signature of tumor-specific T cells. By 
identifying signatures of recent T cell 
activation, isolation of highly functional 
and high quality tumor-specific TCRs.
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