




focused on the phenotype of regulatory T cells, one of which
comprising an intracellular staining for the FoxP3 marker
that is essential to optimally discriminate regulatory T cells.
In the second Treg panel, regulatory T cells were gated as
CD4+CD127lo/−CD25+ without the FoxP3 to allow the evalua-
tion of a maximum of functional markers. Other panels
aimed at investigating B cells, NK cells, monocytes and den-
dritic cells, MAIT cells, and myeloid-derived suppressor cells.
Importantly, we also designed an additional panel allowing
the identification of principal immune cell populations and
including numeration beads, which made it possible to mea-
sure the absolute counts of all populations, while serving as a
reference tube that allows the calculations of absolute counts
in all other panels by extrapolation from shared populations.

After selection of 10 target markers for each of these
panels in accordance with literature, next step consisted in
selecting fluorochrome combinations, to maximize the quality
of staining. To achieve that, numerous combinations of
antibody-fluorochromes were tested in collaboration with
Beckman Coulter, Inc. in accordance with flow cytometry
panel design rules(12) to optimize the separation of positive
populations for each marker, while keeping compensations to
reasonable levels. Each antibody was titrated based on achiev-
ing the highest signal (mean fluorescence intensity) for the
positive population and the lowest signal for the negative pop-
ulation representing the optimal signal to noise ratio. As a
result, we selected 97 conjugated antibodies composing 12 dif-
ferent panels in liquid formulation. The resulting panels of
antibody-fluorochrome combinations are presented in Table 1.

In this study, whole blood staining was preferred to
peripheral blood mononuclear cells (PBMC) to reduce techni-
cal manipulations and the blood sampling needed to perform
the tests. This allows the entire procedure with the 12 panels
to be performed on less than 2 ml of blood. Moreover, work-
ing on whole blood avoids the loss or reduction or phenotype
modifications of some cell subsets (granulocytes (13,14), den-
dritic cells (14), monocytes (14), lymphocytes (15–17)) that
happen during PBMC isolation or freezing. These cells can be
of major importance and ultimately poorly studied because of
their short lifespan after blood sampling (granulocytes) or
their absence or very low proportion in PBMCs (granulocytes
and dendritic cells, respectively).

Furthermore, to standardize the staining procedures, we
decided to use the Duraclone® technology, which provides
the possibility to produce custom designed panels of anti-
bodies that are dried and pre-coated in individual tubes for
direct labeling of blood (18–20). This technology was used to
reduce the number of technical steps and avoid a maximum
of biases, as it ensures the exact same quantity of antibodies
from the same batch and it is very stable overtime (one and a
half year certified by the manufacturer). Notably, not all anti-
bodies could be dried, for intellectual property reasons or
impossibility to dry some fluorochromes such as Brilliant
Violet and Ultraviolet. As a result, majority of clones from
Beckman Coulter and Biolegend catalogs were dried and
included in the Duraclone tubes, but clones from Becton
Dickinson, R&D System and eBioscience were excluded from
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the dried formulation and are added as dropped antibodies
(see Supporting Information Table S1 for details). For each of
the antibody panels, a pre-lot of Duraclone tubes was pro-
duced and their reproducibility (percentages of population of
interest and fluorescence intensities) with the liquid staining
was validated, before the production of Duraclone tubes. No
significant differences could be noted between dry and liquid
formulation for most subsets and proportion of main
immune subsets remained highly correlated (Supporting
Information Fig. S1A–C and not shown). However, dry for-
mulation led in some case to higher fluorescence intensity in
comparison with the liquid cocktail allowing a better discrim-
ination of some subpopulations such as CCR7+ central and
effector memory T cells; yet this populations remained highly
correlated (see Supporting Information Fig. S1D–F). For
unknown reasons, the two panels focused on Tregs as well as
PerCPCy5.5-conjugated anti-CCR6 ab from Biolegend did
not pass this validation process, because Duraclone pre-lots
failed to reproduce the labeling obtained with their liquid
counterparts. Thus, Treg panels have been conserved in liquid
format and PC5.5-coupled anti-CCR6 ab was dropped in “T
cell polarization” panel for the study.

For standardization of the cytometer parameters, in
addition to the flow set pro and flow check beads that are
used daily as quality control, 8-peaks fluorescent beads were
used before each acquisition. For each acquisition channel,
target values for a specific peak were determined, and amplifi-
cations were modified to keep signals stable over time. Com-
pensations were performed with VersaComp Ab capture
beads and Duraclone single staining tubes for each dried anti-
body, or liquid single staining for others. This was performed
once at the beginning of the study, and then again when
modifications were brought to the cytometer (e.g., in the case
of maintenance). Importantly, all along the Transimmunom
trial or for patients with cancer at Gustave Roussy Cancer
Campus, the same cytometer, a Gallios (Beckman Coulter)
dedicated to the study, was used. Altogether these features
ensure consistency in the assays and guarantee the possibility
of comparing samples acquired longitudinally.

For all panels, doublet cells, dead cells, and debris are
removed from the analysis using the forward and side scatters
areas, widths, and heights, as shown in Supporting Informa-
tion Figure S2.

Description of Panels

In the “numeration” panel, we chose to include anti-
CD45 to isolate all leucocytes, anti-CD19 and anti-CD3 to
discriminate B and T cells, respectively, anti-CD4 and anti-
CD8 to discriminate CD4+ and CD8+ T cells among CD3+ T
cells, anti-CD56 to study NK and NKT cells, anti-CD14 for
monocytes, anti-CD15 for neutrophils and eosinophils, and
anti-CD16 and anti-CD244 to differentiate eosinophils from
neutrophils among the CD15+ population. Anti-CD16 is also
used to discriminate subsets of monocytes and NK cells. The
gating strategy for this tube is presented in Figure 2. In this
panel, no wash is performed after the staining, thus avoiding
the eventual modification of any cell population in the wash

process, and count beads are added prior to acquisition, rais-
ing absolute counts in addition to percentages. These counts
were compared with results obtained from a clinical kit
(TetraCXP System from Beckman Coulter, Inc.). Correlation
between the two techniques is very high (Supporting Informa-
tion Fig. S3), thus validating the reliability of absolute counts
obtained with the Numeration panel. These absolute counts
are used to extrapolate absolute numbers in every other panel
by using markers shared with this panel.

In each of the six panels dedicated to analysis of T cells
and described hereafter, anti-CD3 antibody is present to gate
on T cells, and anti-CD4 and anti-CD8 allow the discrimina-
tion of CD4+ and CD8+ T cells. Hence only the seven other
antibodies are described for these six panels.

The “T cell 1” panel contains anti-CD45RA and anti-
CCR7 antibodies, allowing the identification of naïve/Stem
Memory T cells (CD45RA+CCR7+), central memory (CM,
CD45RA−CCR7+), effector memory (EM, CD45RA−CCR7−),
and effector memory RA (TEMRA, CD45RA+CCR7−) popu-
lations. Anti-CD95 is used to discriminate naïve cells among
naïve CD45RAhighCCR7high cells from memory stem T cells
that are long-lived lymphocytes able to persist in the host in
the absence of antigen and were shown to provide a potential
reservoir for T-cell memory throughout life (21). Anti-ICOS
and anti-HLA-DR has been added to this panel for the evalu-
ation of the activation status of each subset of T cells. Impor-
tantly, we also included anti-CD25 and anti-CD127
antibodies to evaluate the differentiation and activation status
of regulatory T cells (CD4+CD25+CD127lo/−). The gating
strategy is represented in Supporting Information Figure S4.

The “T cell 2” panel contains five antibodies directed
against molecules known to favor the migration of T cells and
to address them to specific tissues: CLA (cutaneous leucocyte-
associated antigen for skin homing), CD103 and β7-integrin
or αE+β7+ (mucosal tissues and mucosal tumors), CD49d and
β7-integrin or α4+β7+ (gut homing) and CD49a or α1 muco-
sal integrin. CD45RA and CCR7 are also present to allow
analyses of the expression of migration molecules separately
on different naïve/memory subsets of CD4+ and CD8+ T cells.
Supporting Information Figure S5 shows an example of the
staining and gating strategy.

The “T cell 3” panel contains seven different antibodies
directed against activation (CD69, CD137/4-1BB, and CD134/
OX40), negative modulator of the TCR (CD5) (22), exhaustion
such as immune checkpoints (PD-1, CD160) (23) or senescence
(CD57) (24) molecules. Expression of these molecules is ana-
lyzed separately on CD4+ and CD8+ T cells. An example of gat-
ing strategy is represented in Supporting Information Figure S6.

In the “T cell polarization” panel (Fig. 3), antibodies
directed against chemokines receptors (CCR6, CCR10,
CXCR4, and CXCR3) are then used to discriminate Th1, Th2,
Th17, and Th22 subsets (25), among TfH (defined as
CXCR5+) (Fig. 3A) and memory helper T cells (CD45RAlo/−;
Fig. 3B) populations, anti-CCR7 being added to study the
CM and EM phenotype in each Th subset (Fig. 3C). Notably,
in this panel, either CD161 (to discriminate Th9 from Th17.1
cells, as shown in Fig. 3) or PD-1 (to better discriminate Tfh
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