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due to differences in barcode conjugation.  
Variations in conjugation of DNA barcodes 
to the dextran polymer in the method of 
Bentzen et al.4 could be problematic in TCR 
fingerprinting as this could introduce error in 
the antigen binding hierarchy. While Zhang  
et al.3 use single-cell sorting to isolate TCR and 
peptide binder sequences, Bentzen et al.4 per-
form sequencing on bulk T-cell populations. 
Adding an extra step of single-cell sorting 
and sequencing to the latter’s protocol would  
also enable single-T-cell TCR fingerprinting, 
without any disadvantages.

Studying the molecular interactions 
of pMHC and TCRs by X-ray crystallog-
raphy is often time consuming. Bentzen  
et al.4 provide a relatively quick way to 
determine TCR fingerprints, which is use-
ful for modeling these structures. Until now, 
alanine-scanning mutagenesis and individ-
ual mutant-peptide binding analysis was the 
most common approach to studying TCR 
cross-reactivity, but Bentzen et al.4 substi-
tute all possible amino acids and then char-
acterize cross-reactivity for peptide variants 
in a one-pot approach. This method is also 
advantageous for evaluating potential cross-
reactivity of clinically relevant TCRs against 
the entire human proteome. The neoanti-
gen-specific TCRs identified by Zhang et al.3 
could be tested for cross-reactivity against 
the whole proteome using the method of 
Bentzen et al.4 by creating a much larger 
peptide pool. Because of the improved sensi-
tivity achieved by both methods, there is less 
concern about working with small sample  
sizes or detecting low-frequency T cells. In 
principle, the two methods could also be 
applied to study the interactions of tumor 
antigens with CD4+ T cells, which engage in 

for binding were identified for both peptides. 
This highlights the utility of the technique to 
analyze multiple TCR–pMHC interactions, 
as in the method described by Zhang et al.1 
Interestingly, mutations in peptide ‘anchor’ resi-
dues did not hinder peptide–MHC interactions 
as predicted, suggesting that these residues do 
not have a major role in TCR recognition.

In a larger experiment, the authors analyzed 
the cross-reactive potential of 12 TCRs from 
4 patients with Merkel cell carcinoma for the 
same pMHC antigen by deriving all possible 
peptide variants, which could provide valuable 
information on TCR risk (n = 192). Each TCR 
could potentially cross-react with between 
12 and ~28,000 peptide variants. There was 
an inverse correlation between the number 
of targets of the TCR and T-cell efficacy, as 
determined by interferon-γ secretion, suggest-
ing that this technique can shed light on T cell 
functionality as well as cross-reactivity. This 
finding remains to be corroborated by analyz-
ing more TCRs and possible pMHC binders.

The authors also studied the cross-reactivity  
of the 12 TCRs against the entire human pro-
teome by synthesizing 75 predicted targets. 
One of the TCRs cross-reacted with a peptide 
derived from a protein expressed in myocytes, 
confirming that this method9 could be useful 
to improve the safety of TCR therapies.

Both Zhang et al.3 and Bentzen et al.4 achieve 
high-throughput analysis of cross-reactivity 
using existing ‘one-pot’ methods, which allow 
multiple TCR–pMHC interactions to be stud-
ied simultaneously. The strengths of Zhang  
et al.1 are the use of in vitro transcription and 
translation for faster peptide synthesis and the 
smart choice to use the same oligonucleotides 
to produce the DNA barcodes and the pep-
tides for MHC binding, which removes bias 

lower affinity interactions than CD8+ T cells, 
although this would depend on the ability to 
rapidly produce class II pMHC monomers, 
which is more complicated than the process 
for class I MHC monomers.

The two studies3,4 provide a template for 
large-scale, rapid analysis of pMHC antigens 
that can be widely applied to identify neoan-
tigens and their associated TCRs, to analyze 
newly identified TCRs for cross-reactivity, 
and to carry out TCR fingerprinting. This is 
especially important in the age of TCR-based 
immunotherapies. Therapies based on T cells 
transduced with TCRs targeted to a tumor 
antigen carry a risk of fatal cross-reactivity. 
The method of Zhang et al.3 can detect and 
isolate neoantigen-specific T cells with no 
cross-reactivity to wild-type antigens, while 
the method of Bentzen et al.4 can screen the 
identified TCRs against the human proteome 
for potential cross-reactive antigens. Thus, the 
two approaches can be used in a complemen-
tary fashion to mitigate the risk of TCR cross-
reactivity, and they hold exciting promise for 
preclinical and clinical use.
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