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Advancements in single cell multiomic profiling of antigen-specific T cells with dCODE Dextramer®
(RiO) and BD® AbSeq Reagents on the BD Rhapsody™ Single-Cell Analysis System
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Abstract

The advancement of immunotherapies and drug development relies on the characterization of
antigen-specific T cells. However, due to their low frequency among T cells and their inherent

weak affinity to bind known MHC-peptide complexes, detection of these cells has been difficult.
Furthermore, pairing this information with the corresponding variable (V), diversity (D), and joining

(J) [V(D)J] sequences of the antigen-specific T cell receptors has also been challenging due to
hurdles in sequencing these large regions, particularly at the single-cell level. Here, we have

expanded our previous work of combining two powerful technologies, Immudex® dCODE
Dextramer® (RiO) Reagents and the BD Rhapsody™ Single-Cell Analysis System, to detect and

characterize low-frequency antigen-specific T cells, including the full sequences of the V(D)J gene

segments of the T cell receptors, as well as profile transcriptome and protein expression.
Specifically, thousands of sorted PBMCs were multiplexed to provide high-throughput detection of
individual antigen-specific CD8* T cells in combination with the corresponding full V(D)J sequences

of the T cell receptors. In addition, we simultaneously obtained gene expression data for over 350

immune-related mRNAs as well as cell phenotypes using a panel of 15 cell surface BD® AbSeq

Protein Markers. Together these data can be used to define T cell phenotypes associated with T
cell activation states, alongside antigen specificity of enriched CD8* dCODE Dextramer® positive

antigen-specific T cells from PBMC populations. This study showcases the importance of
multiomic analysis for high-resolution T cell profiling that has broader implications and utility in
immuno-oncology, infectious diseases and autoimmunity.

Methods

Seamless integration of dCODE Dextramer®(RiO) technology into the
BD® Rhapsody AbSeq + SMK + TCR Full Length Workflow
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Results

dCODE Dextramer® reagents were used alongside BD® AbSeqs to sensitively
identify antigen specific T cells and profile cell surface proteins

Full length TCR sequences were identified in antigen specific CD8* T cells
and were linked to specific antigen epitopes using dCODE® (RiO) reagents
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Figure 2. dCODE (RiO)® reagents and BD® AbSeqs were used simultaneously to identify antigen-specific T cells in hPBMCs and profile
cell surface proteins. (A) tSNE plot from an experiment using ~ 5K sorted dCODE positive CD8* cells with cell-type distribution shown.
(A) tSNE plots highlighting the expression of a 13-plex dCODE Dextramer panel including 8 dCODE reagents with epitopes and 5
negative controls. (B) tSNE plots showing the expression of a 15-plex BD AbSeq panel that range in expression level.
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Figure 3. Specific antigen epitopes linked to full length TCR sequences. (A) The six most frequent TCR CDR3 clonotypes
were identified among CD8* dCODE Dextramer positive antigen-specific T cells along with their mRNA gene expression
profiles of 26 high expressing genes from the BD Rhapsody™ Immune Response panel (397 genes). (B) Differential gene
expression plots of the 13 dCODE Dextarmer panel for each of the top six clonotypes show a high association to a single
dCODE Dextramer. (C) Full length translated TCR sequence of the top six clonotypes.

BD Rhapsody sample multiplexing is compatible with dCODE Dextarmer® (RiO) reagents and provides

a solution for high throughput detection of antigen-specific T cells

Conclusions
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Figure 1. Integration of Immudex® dCODE Dextramer®(RiO) profiling into the TCR full length, Targeted mRNA, BD®
AbSeq and Sample Tag workflow. dCODE (RiO) reagents contain a PE fluorophore that can be used for cell sorting, as
well as a dCODE-specific barcode associated with a specific antigen epitope that can be amplified and sequenced
simultaneously alongside BD abseq, sample tag, targeted mRNA and TCR full length libraries in the BD Rhapsody™
system. (A) In this study, two cell samples were first stained with a panel of dCODE (RiO) reagents followed by co-
staining of BD® AbSeqs and Sample Tag. Cell sample 1 were resting hPBMCs that were sorted for dCODE* and live
CD8* cells using a BD FACSAria™ flow sorter by additional staining with anit-CD8 APC-H7 antibody and 7-AAD dye for
live/dead cell detection. Cell sample 2 were hPBMCs stimulated with two peptide antigens, EBV and Tetanus toxoid
(TT) then enriched for CD4* cells using magnetic separation. Both cell samples were multiplexed into a single BD
Rhapsody cartridge system, as well as individually loaded into separate cartridges. Using the BD Rhapsody™ System,
single cells were partitioned into microwells followed by the addition of beads prior to cell lysis. The beads enabled
capturing of polyadenylated transcripts and oligonucleotide tags from single cells after cell lysis whereby, cDNA and
completed (as shown in 1B). Next generation sequencing (NGS) and data analysis
followed. (C) Using dCODE (RiO) reagents alongside our BD Rhapsody Full Length TCR assay we can identify the full
length TCR sequence that can recognize a specific antigen epitope in the HLA complex, while also profiling protein

library preparations were

and gene expression of single antigen-specific T cells.
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* dCODE Dextramer® (RiO) reagents can be seamlessly
integrated into the BD Abseq, Sample Tag, Targeted mRNA
and TCR Full Length workflow to profile hPBMCs.
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* Antigen-specific T cells along with their corresponding full
length TCR sequences were identified by viral specific HLA-
peptide complexes displayed on dCODE Dextramer® (RiO)
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reagents used in combination with BD TCR Full Length assays.

* Sample multiplexing of 3 different samples showed
reproducibility of AbSeq and dCODE (RiO) performance as
well as sensitive detection of dCODE (RiO) reagents from
different cell types (CD4* and CD8* cells).
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Figure 4. Sample multiplexing with BD Rhapsody Sample Multlplexmg Kit is compatlble with dCODE Dextramer® technology. Three cell samples stamed with dCODE

(RiO) reagents and BD AbSeq were multiplexed with BD SMK and loaded into a single BD Rhpasody cartridge. Two of the samples were CD8* dCODE* sorted cells derived
from the same stock but independently stained with a 15-plex Abseq and 13-plex dCODE (RiO) panel to evaluate reproducibility of AbSeq and dCODE performance as
shown in (4B) Note only antigen dCODEs are shown, no negative controls. The third cell sample was an enriched CD4* cell population that was stimulated with EBV and
tetnus toxoid (TT) peptides and stained with a 15-plex AbSeq and 3-plex Dextramer panel. AbSeq CD4 expression and antigen-specific TCR expression detected by

dCODE (RiO) reagents are shown in (4C).
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