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ü We developed a general pipeline that identifies discriminant TCR signatures from circulating blood ü This strategy works well for a viral disease (COVID-19) as well as for several AIDs applied to Teff as well as Treg TCR repertoires. Analyzing cell subtypes will allow a better understanding of the underlying mechanisms.

ü We show how a signature can be used as a biomarker of immune diseases and their progression q We still need to characterize the specificity of these signatures

Adapta0ve T-cell repertoire diversity

The T-cell repertoire (TCR) is a dynamic biological object whose modifica9ons will dependent on cell popula9ons and the amplitude of the response according to the types of an9gens encountered (microbial, self-an9gens). We launched two observa9onal trial, TRANSIMMUNOM (NCT02466217) to revisit the nosology of autoimmune diseases (AIDs) and SirocCo (ANR-21-CO12-0005) to inves9gate the mechanisms of cell subsets in COVID-19 pa9ents. For each trial, we sorted the CD4 T-cell subpopula9ons from peripheral blood: effector T-cells (Teff) and regulatory T-cells (Treg), and sequenced their TCR𝛼β repertoire. The radviz represents the CDR3aa expression of the 4 AID signatures for each paJent. The signatures were calculated on 75% of the dataset of each disease. 6 random draws of the dataset were made (iteraJons). Finally, for each iteraJon and each signature, the equivalent number of unique CDR3aa was randomly selected from the corresponding dataset. The random signatures do not separate the pa9ents, regardless of the iteraJons, which shows that the strategy is reproducible and that the results are not due to chance. Machine learning models were trained on the signatures obtained on 75% of the dataset. The models were then tested on the remaining 25% of the data. The results are compared to a random selecJon of unique CDR3aa whose size is equivalent to the signature of each condiJon (disease and cell subsets). The boxplots represent the percentage of paJents, from the naive data, correctly classified. In all cases, the models derived from the signatures predict berer than random signature. Moreover, the signatures correctly predicted the disease of a pa9ent in 81% to 100% depending on the condiJons. 

Laboratory dataset

Classifica0on

External dataset

RA

The RA Teff β signature was searched in the Spreafico et al. dataset with a Leveinstein distance of 1. Samples were taken from blood and synovial fluid. CirculaJng pathogenic lymphocytes (CPL) idenJfied by Spreafico in juvenile idiopathic arthriJs (JIA) paJents are correlated with disease acJvity. The RA signature from Transimmunom is staJsJcally more present in CPL compared to whole blood but also more found in synovial fluid than in whole blood without being significant. The signature is thus found in another dataset, treated differently, and also assimilated to the disease. 

ECMO and death recovered
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  Ward clustering methods applied on AID (top) and COVID-19 (borom) signatures discriminate samples with the same unique CDR3aa sequences from each idenJfied signature (here, for CD4 Teff alpha and beta chains, there is one enriched and one depleted signature for each disease). The selecJon of CDR3aa works well on a viral disease like COVID-19 since the clustering shows a perfect separa9on of paJents from HV. The strategy also separates AIDs pa9ents from HVs but to a lesser extent.

  lev1 proportion by patient repertoire (%)

  idenJfied on paJents recovering from COVID-19 on the Nolan et al. dataset. It was compared to the Schultheiß et al. dataset with a Leveinstein distance of 1. This dataset has the parJcularity to contain paJents who died from COVID-19 or had severe forms (ECMO) and paJents in recovery. The idenJfied signature is much more found in the larer, and more and more over Jme. This allows us to predict pa9ent outcomes.