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REGULAR ARTICLE
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m In several tumor subtypes, an increased infiltration of Vy9Vs2 T cells has been shown to

have the highest prognostic value compared with other immune subsets. In acute myeloid
* A low frequency of

Vy9Vd2 T cells in AML
is an independent
predictor of poor
clinical outcome.

leukemia (AML), similar findings have been based solely on the inference of transcriptomic
data and have not been assessed with respect to confounding factors. This study aimed at
determining, by immunophenotypic analysis (flow or mass cytometry) of peripheral blood
from patients with AML at diagnosis, the prognostic impact of Vy9V52 T-cell frequency. This
was adjusted for potential confounders (age at diagnosis, disease status, European
LeukemiaNet classification, leukocytosis, and allogeneic hematopoietic stem cell
transplantation as a time-dependent covariate). The cohort was composed of 198 patients
consolidation with newly diagnosed (ND) AML. By univariate analysis, patients with lower Vy9Vs2 T cells
protocols aimed at at diagnosis had significantly lower 5-year overall and relapse-free survivals. These results
enhancing VyoVs2 were confirmed in multivariate analysis (hazard ratio [HR], 1.55 [95% confidence interval
T-cell responses. (CI), 1.04-2.30]; P = .030 and HR, 1.64 [95% CI, 1.06-2.53]; P = .025). Immunophenotypic
alterations observed in patients with lower Vy9Vs2 T cells included a loss of some cytotoxic
Vy9V52 T-cell subsets and a decreased expression of butyrophilin 3A on the surface of
blasts. Samples expanded regardless of their Vy9V52 T-cell levels and displayed similar
effector functions in vitro. This study confirms the prognostic value of elevated Vy9Vvs2 T
cells among lymphocytes in patients with ND AML. These results provide a strong rationale
to consider consolidation protocols aiming at enhancing Vy9Vs2 T-cell responses.

* These data provide a
strong rationale for the
development of
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Introduction

The immune landscape of acute myeloid leukemia (AML) is
becoming better described, and there is increasing evidence that
immune features may modulate prognosis independently of genetic
markers."® However, immune alterations in AML are broadly het-
erogeneous among patients in terms of immune infiltration and
expression of immune checkpoint receptors,*® suggesting distinct
immunoregulatory mechanisms and complicating the development
of immune signatures.*” This complexity also led to a slow clinical
translation of immunotherapeutic strategies in AML.>® Most
studies have so far focused on conventional T cells>® or natural
killer (NK) cells,'®"? but very little data are available on the impact
of yd T-cell populations in AML.

The major role of y8 T cells has emerged in infectious diseases and
antitumoral immunity.'® These cells combine adaptive and innate
characteristics. Their activation is not restricted by the major histo-
compatibility complex'*'® and depends on ligand recognition by
their T-cell receptor (TCR) and other receptors such as DNAX
accessory molecule-1 (DNAM-1)"° or natural killer group 2 member
D (NKG2D)."” These unique recognition capabilities distinguish
them from other lymphocytes. Human y& T cells represent 1% to
10% of circulating T cells.'® Based on the TCR 8-chain, they can be
classified into 4 major groups: V51, V52, V83, and V5. V52* is the
major subtype in peripheral blood (PB) and usually pairs with the Vy9
chain. V81* accounts for 25% of PB y6 T cells and V83" for <19%."'°
A direct rapid effector response is exhibited by y6 T cells, which have
the ability to activate other immune cells through cytokine release or
through their antigen presentation capabilities.?®?’

The progressive discovery of the elusive mechanism of action of y8 T
cells and of their prognostic implications has evolved in parallel with
yd T-cell-based immunotherapy approaches, with promising results.
The latter include allogeneic adoptive transfer of y5 T cells, from off
T-cell-depleted products, and of ex vivo expanded y3d T-cell infu-
sions, with optimized expansion strategies or genetic engineering.””
Adoptive transfer is currently at the forefront in AML, several studies
evaluating the efficacy of ex vivo expanded allogeneic y8 T cells in
refractory or relapsed (R/R) AML. In vivo stimulation strategies tar-
geting Vy9Vd2 T cells were initially based on the use of amino-
biphosphonates but have shown limited efficacy.>® However, new
methods of autologous Vy9V52 T-cell-based immunotherapy are
emerging, in particular with bispecific or monoclonal antibodies
(mAbs) targeting yd TCRs directed against tumoral antigens such as
human epidermal growth factor receptor 2 (HER-2)** or CD123.%°

Vy9V52 T cells are activated by phosphoantigens (pAgs), pro-
duced by infected or transformed cells, via the mevalonate pathway
during isoprenoid biosynthesis.?®?” The antitumoral activity of
VyoVd2 T cells is triggered by pAgs binding to the intracellular
domain of butyrophilins (BTNs) 3A1 and 2A1.2%°2 Vy9V52 T cells
exert pleiotropic antitumoral potential against a wide range of
tumors, including hematological malignancies.*®> A particular
activity of Vy9V62 in AML is suspected because they exhibit a
high cytotoxic potential against myeloid blasts both in vitro and
in vivo.>*®® Early clinical trials of Vy9V82 T-cell-based immuno-
therapy have indeed led to objective responses in AML.***° The
frequency of Vy9V82 T cells has also been observed to vary
according to induction chemotherapy responses.*’*?
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Importantly, analysis of nearly 18 000 bulk transcriptomes from 39
human tumors has revealed the high prognostic value of high yd T-
cell infiltration, which had the best prognostic value compared with
other immune subsets.”® Another study confirmed the association
between Vy9V62 T-cell infiltration and favorable outcomes in a
broad spectrum of cancers.** Nevertheless, deconvolution of
bulk transcriptomes using the CIBERSORT algorithm raises the
issue of misclassification for some immune subsets. Besides,
conflicting data have been reported with a negative role of y& T
cells in several solid tumors,*®>*” possibly based on protumoral
properties for some yd T-cell subsets depending on the tumoral
context.*®

In AML, demonstration of the poor prognostic impact of a low
frequency of Vy9Vd2 T cells at diagnosis is based on results
extrapolated from bulk RNA sequencing analysis.** Yet, the pres-
ence of potential confounding factors has not been assessed,
preventing any solid conclusion on this matter.

Therefore, the aim of this study was to determine the prognostic
impact of the PB frequency of Vy9Vd2 T cells, determined by
immunophenotypic analysis, in newly diagnosed (ND) treatment-
naive patients with AML, adjusting for potential confounding
factors.

Methods

Study design

This study merged 4 different cohorts: 2 from the Hematology
Department of Institut Paoli-Calmettes (IPC), 1 retrospective (IPC
tumor bank, IPC16-007; n = 21) and 1 prospective (HEMATO-
BIO-IPC 2013-015, NCT02320656, ANSM 131368B-11;
n = 40); 2 cohorts from prospective multicenter randomized phase
3 trials from the French Innovative Leukemia Organization (FILO)
group, AML-2006-IR cohort (NCT00860639; n = 84) and LAM-SA
2007 cohort (NCT00590837; n = 53). Patients from the IPC
cohort were diagnosed between December 2002 and October
2018 and FILO patients between November 2007 and November
2012. PB mononuclear cells (PBMCs) from healthy volunteers
(HVs) were obtained from the Etablissement Frangais du Sang
(authorization number AC-2019-3428 issued by the Ministry of
Higher Education, Research and Innovation).

Patients were aged from 18 to 81 years and were treated with
conventional anthracycline-based induction chemotherapy. In the
AML-2006-IR cohort, patients were then randomly assigned to
receive a single dose of gemtuzumab ozogamicin in arm A. In the
LAM-SA 2007 cohort, patients were randomized to receive
lomustine or not during the induction and postinduction treatment
phases.

Patients were included if PB Vy9V32 T-cell frequency could be
assessed.

Patients with AML3, with unknown or adverse European Leuke-
miaNet (ELN) risk classification were excluded. Patient character-
istics are summarized in Table 1.

AML diagnosis was established according to the World Health
Organization classification.*® Cytogenetic and molecular analyses
were used for patient stratification. Response to treatment and
relapse were evaluated according to ELN 2010 recommendations.”®
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Table 1. Baseline patient and disease characteristics

All patients
N =198
Age, y

Median (range) 56.0 (18.9-81.5)

>60, n (%) 75 (37.9)
Sex, n (%)

Male 109 (55.05)

Female 89 (44.95)
AML etiology, n (%)

De novo 185 (93.4)

Secondary 13 (6.6)
WBC, x10°/L

Median (range) 25.7 (0.6-191.3)

>50, n (%) 56 (28.3)

NA, n (%) 2 (1.0)
FAB category, n (%)

Mo 4 (2.0)

M1 46 (23.2)

M2 43 (21.7)

M3 0(0)

M4 51 (25.8)

M5 35 (17.7)

M6 4 (2.0)

M7 0(0)

NA 15 (7.6)
PB blasts, %

Mean (SD) 50.4 (32.9)
ELN classification, n (%)

Favorable 79 (39.9)

Intermediate 119 (60.1)
CBF mutation, n (%) 24 (12.1)
CEBPA mutation, n (%) 20 (13.5)
NPM1 mutation, n (%) 92 (53.8)
FLT3 mutation, n (%) 58 (34.1)
Vy9V52 (% of LC)

Mean (SD) 2.5 (4.9)
30-d mortality, n (%) 3 (1.5)
60-d mortality, n (%) 11 (5.6)
CR after induction, n (%) 161 (81.3)
HSCT, n (%) 32 (16.3)

CBEF, core-bing factor; CEBPA, CCAAT enhancer binding protein alpha; FAB, French-
American-British classification; FLT3, fms-like tyrosine kinase 3; LC, lymphocyte; NPM1,
nucleophosmin 1; WBC, white blood cell; SD, standard deviation.

All participants provided written informed consent in accordance
with the Declaration of Helsinki.

Clinical samples

PBMCs obtained before induction chemotherapy or from HV were
isolated by density gradient (Lymphoprep, Stemcell Technologies,
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Vancouver, Canada) and cryopreserved in 90% fetal calf serum/
10% dimethyl sulfoxide (DMSO) (FILO), 90% albumin/10% DMSO
(HEMATOBIO and age-matched HV), or 80% RPMI/ or 10% fetal
calf serum/10% DMSO (IPC tumor bank).

Sample handling, conditioning, and storage were respectively
performed by the tumor banks of the FILO group (N° BB-
0033-00073) and the IPC tumor bank (AC-2007-33 granted by
the French Ministry of Research).

Flow and mass cytometry analysis

Samples were included if at least 1 000 000 viable cells could be
labeled. The proportion of Vy9V82 T cells among PB lymphocytes
was assessed by flow or mass cytometry. Supplemental Tables 2
and 3 provide the list of mAbs used, and supplemental Figure 9
describes the gating strategy.

For flow cytometry, PMBCs were washed and incubated with
human Fc Block (BD Biosciences, San Jose, CA) before immuno-
staining with a mix of extracellular antibodies (supplemental Table 2).
A fluorescence-activated cell sorter (FACS) LSR-Fortessa or a BD
FACSCanto Il (BD Biosciences) were used for acquisition, and data
were analyzed using DIVA 8.0.1 software (BD Biosciences).

The mass cytometry experiments were performed as previously
described.®" Extracellular and intracellular antibodies are listed in
supplemental Table 3. Cells were acquired on a Helios mass
cytometer (Fluidigm), and samples were further analyzed using
FlowJo V10.6.2 (BD Biosciences). Statistical analyses of markers
expressed by Vy9V62 T cells were performed when >30 or >50
viable Vy9Vd2 T cells were analyzed in mass or flow cytometric
cytometry panels, respectively.

VyoV62 T cells were manually gated and exported using Flowlo
V10.6.2. Consensus files were generated using the OMIQ software
from Dotmatics with a downsampling to a total number of 10 000
VyoVe2 T cells for each group. Vy9Vd2 T-cell subpopulations and
markers were described using the t-distributed stochastic neighbor
embedding (-SNE) dimensionality reduction algorithm.

Generation of anti-human BTN3A mAbs

To generate anti-BTN3A 20.1 and anti-BTN3A 108.5 mAbs,
BALB/c mice were immunized with a soluble BT3.1-lg fusion
protein, as previously described.’” The relative surface expression
of BTN3A (mAbs 20.1 and 108.5) on AML blasts was then
assessed by flow cytometry using calibrator beads, allowing for the
quantification of antigen density (Quantum Simply Cellular, Bangs
Laboratories, Fishers, IN). Cells were acquired on a BD FACS-
Canto Il and analyzed using Flowjo V10.6.2.

Expansion of Vy9Vo62 T cells

For the establishment of allogeneic Vy9V62 T cells, fresh PBMCs
from HV were stimulated with zoledronate (ZOL) 1 uM (Sigma-
Aldrich, Saint Louis, MO) and recombinant human interleukin-2
(rhlL-2; Miltenyi Biotec, Bergisch Gladbach, Germany) at day O.
From day 5, rhiL-2 (100 IU/mL) was renewed every 2 days, and
cells were kept at 1.5 x 10°%/mL until day 14. Only cell cultures that
reached >80% of Vy9V82 T-cell purity on day 14 were selected
and frozen until use. Allogeneic Vy9Vd2 T cells were thawed and
cultured with rhiL-2 (200 Ul/mL) overnight before functional
assays.
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For the establishment of autologous Vy9V82 T cells, thawed
PBMCs from patients with AML were treated similarly, but rhiL-15
(10 ng/mL) was also added to enhance their proliferative capac-
ities.>®°° Fresh autologous expanded cells were then used for
functional assays, depending on the quantity of Vy9Vd2 T cells.
Fold increases of viable Vy9V32 T cells were calculated according
to the following formula: (day-14 %Vy9V82 x day-14 total cell
number)/(day-0 %Vy9V82 x day-0 total cell number). Cells were
acquired on a BD FACSCanto Il and analyzed using DIVA 8.0.1
software.

Degranulation assays

To analyze CD107 expression, autologous Vy9V32 T cells and
primary AML blasts were cocultured in an effector-to-target ratio of
1:1 with anti-CD107a, anti-CD107b, GolgiStop, and anti-BTN3A
20.1 agonist mAb or isotype control (1 pg/mL). Primary AML
blasts preincubated overnight with zoledronate (45 pM) were used
as positive control. After 4 hours, cells were collected and analyzed
by flow cytometry. Cells were acquired on a BD FACSCanto Il and
analyzed using DIVA 8.0.1 software.

Statistics

Statistical analyses were carried out using GraphPad Prism 5.0
(GraphPad Software, San Diego, CA), Statistical Package for the
Social Sciences (SPSS software, Chicago, IL), and R software
(www.rproject.org).

Normality of distributions was assessed using the d'Agostino-
Pearson normality test.

Comparisons of categorial variables were performed using ¥ or
Fisher exact tests. For continuous variables, comparisons between
2 groups used 2-tailed Mann-Whitney U test or unpaired t test. For
multiple comparisons of paired values, a Friedman test was per-
formed followed by a Dunn’s test. For multiple comparisons of
independent samples, a Kruskal-Wallis test was performed fol-
lowed by a Dunn's test. Patient groups were defined according to
the frequency of Vy9Vd2 T cells among lymphocytes. The threshold
was defined based on optimized cutoff using maximally selected
log-rank statistics (maxstat package, R software V 3.6.2).%°

A multivariate Cox regression model was used to assess the
prognostic value of Vy9Vd2 T-cell frequency, adjusting for other
prognostic factors: age at diagnosis, disease status, ELN classifi-
cation, and allogeneic hematopoietic stem cell transplantation
(HSCT) as time-dependent covariate.

Results

Patients with AML with a low frequency of Vy9Vé2 T
cells have poorer survival

A total of 198 patients were included. Their mean age was 56
years (range, 18.9-81.5); 79 (39.9%) had favorable ELN risk and
119 (60.1%) an intermediate ELN risk. The mean complete
remission (CR) rate was 81.3% (Table 1). Analysis of overall sur-
vival (OS) and relapse-free survival (RFS), based on the frequency
of Vy9V62 T cells, showed the 0.75% threshold to be the most
significantly discriminant (Figure 1A-B) and identified the high and
low frequencies referred to thereupon.
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As summarized in Table 2, patients with AML with lower Vy9V62 T
cells tended to be older (56.9 vs 54.5 years; P = .058). No dif-
ference was observed in Vy9V62 T-cell frequency group according
to the French-American-British classification,*® response to
induction in all cohorts (Table 1; supplemental Figure 1A); how-
ever, patients with favorable ELN risk had a lower Vy9Vd2 T-cell
frequency (supplemental Figure 1B). In the FILO cohorts, patients
who received lomustine in the LAM-SA 2007 trial (n = 21) were
more often in the low Vy9V82 T cells group (supplemental Table 1).
As VyOVd2 T cells are also critical effectors against im‘ection,57 the
proportion of infectious complications was compared after induc-
tion in the FILO cohorts depending on Vy9V82 T cells, but no
difference was observed in terms of incidence of septic shock nor
G3/4 infectious adverse events.

In univariate analysis, patients with a low frequency of Vy9V52 T
cells had significantly lower 5-year OS and 5-year RFS (43.1% vs
64%; hazard ratio [HR], 1.54 [95% confidence interval (Cl), 1.03-
2.31]; P =.028 and 42.3% vs 67.2%; HR, 1.69 [95% CI, 1.09-
2.62]; P = .015, respectively). These results were confirmed in
multivariate analyses (HR, 1.55 [95% ClI, 1.04-2.30]; P=.030 and
HR, 1.64 [95% ClI, 1.06, 2.53]; P = .025; Table 3). CR and early
mortality rates were similar in both groups of Vy9V62 T-cell fre-
quency (Table 2).

Relapsed patients were found to have a significantly lower fre-
quency of Vy9Vd2 T cells than those with sustained CR
(supplemental Figure 2A). However, the proportions of NK cells
and other lymphocyte subsets were similar regardless of outcome
in the FILO cohorts (supplemental Figure 2B-C), as well as CD4*
and CD8" T cells in the HEMATOBIO cohort (supplemental
Figure 2D-E). Additionally, Vy9V62 T cells were found to
contribute the most to the prognostic effect of yd T cells, sug-
gesting that V&1 subtype predominance is not involved
(supplemental Figure 2F-I).

Interestingly, the impact of a low frequency of Vy9V52 T cells was
independent of ELN risk (supplemental Figure 3), allogeneic HSCT
(supplemental Figure 4), or age (supplemental Figure 5).

Hence, a low frequency of Vy9V32 T cells was independently
associated with poor outcomes. This adverse impact was likely
related to an increased risk of relapse, as evidenced by the similar
CR or early mortality rates.

Low Vy9V52 T-cell levels are associated with
immunophenotypic shifts of the Vy9V62 T-cell
compartment

The immunophenotype of Vy9V62 T cells was then examined
according to their frequency. In the FILO cohorts, we observed a
great heterogeneity in the expression of Vy9Vd2 T-cell coactivating
receptors, with a significant decrease in the expression of NKG2A,
CD57, and DNAM-1 in patients with low Vy9V62 T-cell fre-
quencies. At variance, there was no difference in NKG2D or CD56
levels (Figure 2A). Moreover, no association was observed
between the expression of these 5 molecules and clinical out-
comes (supplemental Figure 6).

In mass cytometry, a much broader panel was used to detect the
various differentiation states and cytotoxic T-cell subsets in a
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Figure 1. Univariate survival analysis according to the frequency of Vy9V52 T cells. (A-B) Threshold determination of Vy9V&82 T cells among viable lymphocytes is

determined using the optimal cut points, performed using the maximally selected log-rank statistics using the maxstat R package. For a given prognostic parameter, maxstat

identifies the optimal cut point that best discriminates 2 patient groups (https://cran.r-project.org/web/packages/maxstat/index.html). The threshold of 0.75 % of Vy9V52 T cells

among viable lymphocytes was selected for this study. (C-D) 5-y OS and 5-y RFS (n = 198 and 161, respectively) were estimated using the Kaplan-Meier method and compared

between groups using the log-rank test.

subgroup of patients from the HEMATOBIO cohort and HVs. This
disclosed no difference between patients with a high frequency of
Vy9V82 T cells and HVs (Figure 2B-H). In this cohort, we confirm
decreased levels of NKG2A and DNAM-1 in patients with low
Vy9V82 T-cell frequencies (Figure 2C). Patients with low Vy9V52
T-cell frequencies expressed lower levels of CD69 and CD16 than
HVs and patients with high Vy9V82 T-cell frequencies (Figure 2D),
indicating a less activated TCR state and a lower antibody-
dependent cell cytotoxicity potential.”® In contrast to the FILO
cohorts, we observed higher CD56 levels and similar CD57
expression in patients with low Vy9V62 T-cell frequencies. These
discrepancies are relative, because CD56 and CD57 levels fol-
lowed the same trend in both cohorts, and could be related to the
heterogeneity of these markers on Vyo9V82 T cells.**®! We did not
find any differences in terms of maturation states (Figure 2E) or
expression of triggering or coinhibiting molecules (Figure 2F-H),
apart from a lower expression of inducible T-cell costimulator
(ICOS) in patients with low Vy9V82 T-cell frequencies than HVs
and patients with high Vy9Vd2 T-cell frequencies.
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Analysis of surface ligand expression on the surface of AML blasts
disclosed that patients with fewer Vy9V62 T cells had a lower
expression of the BTN3A molecule (Figure 2I-J).

Altogether, these findings revealed that a “low Vy9V52 T-cell pro-
file” is related to a loss of mature and cytotoxic subsets. This finding
could explain the poor prognostic influence of a low frequency of
VyoVve2 T cells, related to a loss of the most immunocompetent
Vy9Va2 T cells. This also suggests an important role for BTN3A in
modulating the maturation and the proliferation of Vy9Vd2 T cells.

The nonproliferating low Vy9V62 T-cell
immunophenotype can be reversed

The expansion capacities of Vy9Vd2 T cells were then explored
with respect to their frequency. Using ZOL-stimulation combined to
IL-2 plus IL-15 for 14 days, Vy9Vd2 T cells from PBMCs of 43
patients with AML at diagnosis were expanded. Cells from patients
with a lower frequency of Vy9V52 T cells tended to expand better
(low vs high Vy9V82 T cells; P = .072; Figure 3A).
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Table 2. Baseline patient and disease characteristics according to the frequency of Vy9Vé2 T cells

Low Vy9V52 T cells (<0.75%/LC)

High Vy9V52 T cells (> 0.75%/LC)

n =75 (37.9%) n =123 (62.1%) P value
Age, y

Median (range) 56.9 (22.4-80.4) 54.5 (18.9-81.5) .058

>60 30 (40) 45 (36.6) .652
Sex, n (%)

Male 38 (50.7) 71 (57.7) .378

Female 37 (49.3) 52 (42.3)

AML etiology, n (%)
De novo 69 (92) 116 (94.3) .562
Secondary 6 (8) 7 (5.7)

WBC, x10°/L

Median (range) 30.2 (0.6-191.3) 24.6 (1.1-154.9) 451

>50, n (%) 23 (31.1) 33 (26.8) 423

NA, n (%) 1(1.3) 1 (0.8)

FAB category, n (%)

Mo 2 (2.7) 2 (1.6) .397

M1 15 (20.0) 31 (25.2)

M2 14 (18.7) 29 (283.6)

M3 0(0) 0(0)

M4 22 (29.3) 29 (283.6)

M5 16 (21.3) 19 (15.4)

M6 0 (0) 4 (3.3)

M7 0(0) 0(0)

NA 6 (8.0) 9 (7.3)

PB blasts, %

Mean (SD) 495 (31.1) 50.9 (34.1) .828
ELN classification, n (%)

Favorable 33 (44.0) 46 (37.4) .373

Intermediate 42 (56.0) 77 (62.6)

CBF mutation, n (%) 10 (13.3) 14 (11.4) .823
CEBPA mutation, n (%) 7 (13.0) 13 (13.8) >.999
NPM1 mutation, n (%) 37 (56.9) 55 (51.9) .632
FLT3 mutation, n (%) 22 (34.4) 36 (34.0) >.999
Vy9V52 T cells among LC, %

Mean (SD) 0.4 (0.2) 3.9 (56.1) <.0001
30-d mortality, n (%) 1(1.3) 2 (1.6) >.999
60-d mortality, n (%) 6 (8.0) 5 (4.1) .339
CR after induction, n (%) 64 (85.3) 97 (78.9) 347
HSCT, n (%) 12 (16.0) 20 (16.5) >.999

CBEF, core-bing factor; CEBPA, CCAAT enhancer binding protein alpha; FAB, French-American-British; FLT3, fms-like tyrosine kinase 3; LC, lymphocyte; NPM1, nucleophosmin 1; WBC,

white blood cell; SD, standard deviation.

Some of the samples were also functionally tested by measuring
the degranulation of Vy9V82 T cells. Surprisingly, there was no
difference in degranulation capacities between Vy9V62 T-cell fre-
quency groups whatever the tested conditions. As previously
described by our team, pAg-stimulation resulted in an increased
degranulation of expanded autologous Vy9Vs2 T cells.®
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27 AUGUST 2024 - VOLUME 8, NUMBER 16

Furthermore, BTN3A targeting with the 20.1 agonist mAb led to

an increase in degranulation compared with controls.

This demonstrated that the use of an anti-BTN3A agonists
empower degranulation capacities of autologous Vy9Vd2 T cells
against primary AML blasts, confirming results that had only been
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Table 3. Univariate and multivariate analysis of factors influencing survival

5-y OS

5-y RFS

Univariate analysis

Multivariate analysis

Univariate analysis Multivariate analysis

Variable HR 95% CI P value HR 95% CI P value HR 95% CI P value HR 95% CI P value
Age, y

>60 vs <60 2.21 (1.46-3.34) <.0001 1.90 (1.27-2.83) .002 1.98 (1.25-3.13) .001 1.57 (1.01-2.46) .045
WBC, x10°/L

>50 vs <50 0.64 (0.4-1.01) .093 NE* 0.99 (0.6-1.59) 977 NE*
ELN classification

Intermediate vs favorable 1.80 (1.22-2.67) .005 1.95 (1.26-3.00) .003 1.77 (1.15-2.71) .012 2.04 (1.28-3.25) .003
Status

Secondary vs de novo 1.35 (0.62-2.92) .393 NE* 1.67 (0.71-3.92) 142 1.21 (0.59-2.47) .595
Vy9V52 T cells among LC, %

<0.75 vs >0.75 1.54 (1.03-2.31) .028 1.55 (1.04-2.30) .030 1.69 (1.09-2.62) .015 1.64 (1.06-2.53) .025
HSCT

Yes vs no 0.46 (0.28-0.76) .017 0.59 (0.30-1.16) 127 0.53 (0.31-0.88) .045 0.38 (0.17-0.86) .019

5-y OS and 5-y RFS were estimated using the Kaplan-Meier method and compared between groups using the log-rank test (n =198 and 161, respectively). Among the usual AML prognostic
factors (age, WBC, ELN 2010 risk category, de novo vs secondary AML, and HSCT), those with a P value <.15 were included in the multivariate logistic regression, with HSCT as a time-

dependent covariate (n = 196 and 159 respectively for 5-y OS and 5-y RFS).
LC, lymphocyte; NE, not entered; WBC, white blood cell.
*Not entered in the model.

obtained by using allogeneic Vy9V52 T cells expanded from HVs.3°
Interestingly, it was also observed that ages of patients with AML
did not influence the ability of Vy9Vd2 T cells to expand and
degranulate (supplemental Figure 7).

Overall, these expansion and degranulation experiments demon-
strated that the functional impact of the immunophenotype asso-
ciated with a low frequency of Vy9Vd2 T cells was reversible
in vitro, even in older patients.

Discussion

Probably because of their major histocompatibility complex—
unrestricted mechanism of activation, the prognostic impact of y8
T cells in AML has been mostly studied after HSCT. Here, a
reduced frequency of circulating Vy9Vd2 T cells at AML diagnosis
was shown to be independently associated with worse outcome.

These findings support results suggesting the prognostic role of
Vy9V82 T-cell abundance assessed by deconvolution of bulk tumor
transcriptomes using algorithms such as CIBERSORT-LM22*° or
CIBERSORT-LM7.** However, such approaches based on bulk
transcriptomic data carry a risk of erroneous results, especially
when the analysis is focused on such a rare immune subset as that
of Vy9V62 T cells, in particular at AML diagnosis. In addition,
transcriptome analysis is difficult to apply in clinical routine. More-
over, the presence of confounding factors had not been tested in
these studies, thus preventing solid conclusions regarding the
prognostic value of PB Vy9V82 T-cell frequency in AML.

The results reported here are also consistent with studies evalu-
ating the good prognostic impact of reconstitution of a high fre-
quency of y8 T cells on OS and RFS after HSCT.®>®* However,
the distinction between V52" and other v8 T-cell subsets had only
been occasionally analyzed, and the prognostic value of this
reconstitution in AML remained controversial.®*¢°
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In contrast to the many immunomonitoring studies available after
HSCT,*® immunophenotypic approaches to evaluate Vy9Vs2 T
cells at diagnosis have been limited to very small cohorts**®” and
evidenced no impact of Vy9Vd2 T-cell immunophenotype accord-
ing to clinical outcomes. It was shown that the PB frequency of
Vy9V82 T cells varies according to the quality of the response to
induction*' and is lower after induction in R/R patients than
patients in sustained CR.*? By contrast, in the study reported here,
patients with lower Vy9V82 T cells at diagnosis responded similarly
to induction but had a higher risk of relapse. Therefore, it could be
hypothesized that the frequency of Vy9V82 T cells at diagnosis
rather represents their proliferative capabilities, which could be
further inhibited in R/R patients.

Importantly, a decreased frequency of Vy9V82 T cells was associ-
ated with pronounced immunophenotypic alterations that affect
predominantly a decreased expression of cytotoxicity and/or acti-
vation markers, including NKG2A, CD57, DNAM-1, and CD16. Our
results are consistent with previous natural killer receptor blockade
assays of autologous Vy9Vd2 T cells from patients with AML that
showed that masking of DNAM-1 decreased the cytotoxic functions
of VyOV82 T cells against autologous blasts, whereas masking of
NKG2D did not.** In addition, CD16 plays a key role in effector
functions of Vy9V52 T-cell functions,”®°® including against acute
lymphoblastic leukemia or chronic lymphocytic leukemia cells.®%7°
Meanwhile, downregulation of NKG2A was also demonstrated on
VyoV62 T cells from patients with AML with lower Vy9V32 T cells,
and NKG2A has recently been reported to characterize a subset of
“educated” circulating Vy9V62 T cells that exert great antitumor
functions.”" CD57 is thought to be a marker of replicative senes-
cence in afT cells,”? but its significance in Vy9Vs2 T cells is
debated.”® Indeed, CD57" Vy9V52 T cells proliferate less’* but do
not accumulate with age.’*®" Regarding coinhibitory molecules, a
low frequency of Vy9Vd2 T cells was only associated with an

27 AUGUST 2024 - VOLUME 8, NUMBER 16 & blood advances



100 . . + Low VyQV32 T-cells
E g0 I f :i‘ z % - High VyoVs2 T-cells
=2 ¥ -
= 3 B N & .
S 60 SN HE H
-
2 40 -
=
S
= 90
0 T T T T T
A (S N Q ©
) Q) X % )
QO < & Q
O éj“ oe?‘ é{- ¢
CD45RA CD27 CCR?7 IL7R
o~
w
=
X
h ¥8 T-cell
t-SNE 1 subsets
VyoVs2 T-cells > 0.76 Co-inhibition
o~
[==)
=
X
h Co-stimulation
— o
+-SNE 1 /triggering
Vy9V52 T-cells < 0.75
" ~ o~
(VN [¥¥)
= =
G b6
—
o tSNE 1
X
100 4 = . d
. : 1004 ,, -
S 80 A - Low Vy9V52 T-cell * !
S oW VY cels < 80 - : - Low VyoV&2 T-cells
=2 o) . - High Vy9V582 T-cells ~ [ .
= 60 ;. =} L - High Vy9Vé2 T-cells
7 L “HV = 60 ¢ kA
= N ol Q@ : . ot . ~HV
55' 40 4 . T — . |
= R D 40 g o Fi
Z 204: s = il W
= = 20 - i T I
N x NER i
T 0 -
@@ T T T T T
& © o ey o ®
o N 3 S o D%
ey & O & &
100 + 100 + X
S 80 - X . - Low Vy9V&2 T-cells < 80 4 It I .{ T - Low VyoVo2 T-cells
% 60 . - High Vy9V82 T-cells % 60 - 1 - High VyoV52 T-cells
s - HV s - HV
o 40 A o
£ ! £
(=) =z
= 204k =
0 4
T
A
R

Figure 2. Low Vy9V$2 T-cell phenotype is associated with phenotypical changes. (A) Expression of surface Vy9V82 T-cell coreceptors in the FILO cohorts according to
the frequency group of Vy9V82 T cells: percentage of cells positive for CD57 (n = 123), NKG2A (n = 116), DNAM-1 (h = 116), NKG2D (n = 115), and CD56 (n = 123). (B)
Vy9Vd2 T cells from PBMCs of HVs and patients with AML from the HEMATOBIO cohort were manually pregated and exported in OMIQ for t-SNE analysis. Subsampling was
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Figure 2 (continued) performed for HVs and for each patient group with a fixed number of 100 000 Vy9V52 T cells for each group (HV, n = 8; patients with AML with low Vy9V82 T
cells, n = 12; patients with AML with high Vy9V82 T cells, n = 7). Vy9V52 T cells were analyzed using t-the t-SNE dimensionality reduction algorithm. In the left panel, the density of
Vy9Va2 T-cell subsets in each patient group is projected (blue, low cell density; red, high cell density). The expression of markers of Vy9V82 T cells is projected onto t-SNE maps in the
right panel (blue, low expression; red, high expression). (C-H) Maturation phenotype and expression of surface Vy9V82 T-cell coreceptors from PBMCs of HVs (n = 18) and patients
with AML from the HEMATOBIO cohort (n = 40) according to the Vy9V82 T-cell frequency group (n = 20 in each group): (C) percentage of Vy9V52 T cells positive for NKG2A,
CD57, DNAM-1, NKG2D, and CD56; (D) percentage of Vy9V32 T cells positive for CD16, CD69, CD8, CD28, and CD25; (E) maturation phenotype of Vy9V82 T cells according to
the expression of CD45RA and CD27; (F) percentage of Vy9V52 T cells positive for OX40, 4-1BB, CD44, CCR7, and CD127; (G) percentage of Vy9V52 T cells positive for BTLA,
TIGIT, PD-1, CTLA4, and TIM3; (H) percentage of Vy9V52 T cells positive for LAG3, HVEM, ICOS, PDL-1, CD95, and CD4. (I-J)) BTN3A expression was assessed by flow cytometry
on the surface of primary blasts from patients with AML (n = 27), the relative number of BTN3A molecules was quantified with MESF (molecules of equivalent soluble fluorochrome)
method, using the anti-BTN3A 108.5 (I) and 20.1 epitopes (J). Results are presented as mean * standard deviation (SD) (A, C-H) or as box plots (I-J), and statistical significance was
established using a Mann-Whitney test (A), or a Kruskal-Wallis test followed by a Dunn'’s test (C-H), or a t test (I-)). *P < .5; *P < .01.

upregulation of ICOS on Vy9V62 T cells, suggesting that these
Vy9V62 T cells are neither exhausted nor senescent at diagnosis, in
contrast to the signature of terminal senescence often observed in
ap T cells of patients with ND AML.*? Interestingly, ICOS/ICOS-
ligand (ICOS-L) pathway has been involved in NK-cell activation
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by pAg—-activated Vy9Vd2 T cells and may lead to the acquisition of
DC editing function by NK cells.”®

However, further investigations are needed to understand the
respective qualitative*>®””® vs quantitative*'*>** contribution of
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Vy9Va2 T cells in ND AML, as well as the associated alterations in
other immune subtypes and their dynamic changes over the course
of treatment. Interestingly, although phenotypically altered and/or
nonproliferating, Vy9Vd2 T cells retained their ability to kill autolo-
gous blasts, as we have recently shown in acute lymphoblastic
leukemia.”” These data confirm the persistent functional plasticity
of Vy9V82 T cells leading to an adaptive response in leukemia.

Finally, it was shown here that surface BTN3A levels on AML blasts
could influence the frequency of Vy9Vd2 T cells. We were limited
by the number of cells needed to perform other coculture assays,
but it could be hypothesized that more BTN3A molecules on the
blast surface might make them more “visible” to VyoVs2 T cells,
with a subsequent impact on their proliferation. This is consistent
with a recent transcriptomic study showing a positive association
between y8 T-cell infiltration and BTN3A expression in head and
neck squamous cell carcinoma.”® Alternatively, Vy9V52 T-cell
proliferation could be inhibited by a specific mechanism such as
defective mevalonate metabolism in AML blasts®® or by more
general immune escape processes such as enhanced inhibitory
ligand expression, reduced expression, or shedding of activating
ligands.® For instance, baseline plasmatic levels of soluble BTN3A
and BTN2A1 have been associated with outcomes in several solid
tumors.”?®" The underlying mechanisms of BTN3A level expres-
sion are still unknown but have been investigated in a recent
CRISPR screen that showed a multilayered regulation dependent
on a metabolic crisis in tumor cells,®? and further studies are
warranted to understand BTN3A-specific regulation in AML blasts.
In addition, targeting BTN3A on AML blasts improved the cytotoxic
functions of autologous Vy9V32 T cells, demonstrating that BTN3A
could be a reliable target to “awaken” Vy9Vd2 T cells from patients
with AML who have decreased frequency of this subset. These
observations warrant further investigation of the efficacy of anti-
BTN3A agonist antibodies in AML, such as ICTO1, which is
currently being evaluated in the multicenter phase 1/2 EVICTION
trial.®°

Age-related immune alterations in AML are closely associated with
poor clinical outcomes with a higher proportion of late effector T
cells,” limiting the individualization of an independent effect of
immune alterations in older patients with AML. In the present
cohorts, age-related changes appeared to be similar to the
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previously described decreased frequency of circulating Vy9Vs2 T
cells in older patients.®*®® Interestingly, a low PB Vy9V52 T-cell
frequency was found to yield a similar prognostic impact whatever
the age of the patients. Moreover, older patients had similar
expansion and degranulation capacities as younger ones, indi-
cating a persistent Vy9V62 T-cell plasticity with aging, as already
described in HVs.°®”* Similarly, it was confirmed that Vy9Vs2 T
cells adopt a more resilient behavior and are more resistant to
senescence than most immune effectors.®®”*#>%7 Collectively,
these results demonstrate that Vy9V82 T-cell levels retain a prog-
nostic impact in older patients, and immunotherapeutic
approaches to harness their functions in this population could be
developed to reduce the risk of relapse. In this regard, recent
findings suggest that the use of 5-azacitidine or venetoclax may
potentiate the antileukemic functions of Vy9Vd2 T cells, as
demonstrated by encouraging results in combination with ICT01.%%
It would be also interesting to evaluate the prognostic contribution
of Vy9Vd2 T cells in a cohort of patients with AML treated with
hypomethylating agents and/or venetoclax.

In summary, evidence is reported here that a low PB frequency of
Vy9Vd2 T cells in ND AML is independently associated with poor
prognosis. Although this reduced frequency of Vy9Vd2 T cells is
associated with major phenotypic alterations, the remaining
Vy9Vd2 T cells can proliferate and exert cytotoxic functions against
autologous blasts. Altogether, these findings confirm that
VyoVd2 T cells act as critical stress-sensors in AML and provide a
strong rationale for harnessing and potentiating these immune
effectors in the early treatment of AML.

Acknowledgments

The authors thank the FILO and FILOtheque (no. BB-0033-00073)
for their involvement in this study. The authors thank the IPC
Immunomonitoring platform and IPC Tumor Bank (authorization
number AC-2007-33, granted by the French Ministry of Research.
The “Immunity and Cancer” team was labeled “FRM
DEQ20180339209" (D.O.).

This work has been financially supported by the Institut National
Du Cancer (grant 2012-064/2019-038; D.O.), the Fondation de
France (grant 00076207; A.-S.C.), the Sites de Recherche

LOW Vy9V52 T CELLS PREDICT POOR OUTCOMES IN ND AML 4271



Intégrée sur le Cancer of Marseille (grant INCa-DGOS-INSERM
6038), and the Groupement d'intérét scientifique -Infrastructures
pour la Biologie, la Santé et I'Agronomie, ITMO cancer (grant
2014-P032760; A.-S.C.), the Association Laurette Fugain (grant
ALF2020/05; D.O.), and the Agence Nationale de la Recherche
(French National Infrastructure for Mouse Phenogenomics [PHE-
NOMIN] project).

A-CLF. was funded by the Fondation pour la Recherche
Médicale (grant DEA 40820) from November 2016 to October
2017 and a Poste d'Accueil INSERM grant from November 2019
to October 2021.

Authorship

Contribution: A.-C.LF.,, A-S.C, and D.O. conceptualized and
designed the study; A-C.L.F., F.O., ABA, M-SR, NS, C.C,
C.D, A-S.C., and ALR. performed experiments and interpreted
the data; N.V. treated patients and coordinated the study; J.-F.H.,

N.Il, P.C.-L., J.D., and E.D. coordinated the research; A.-C.L.F. and
D.O. coordinated the research and wrote the manuscript; and all
authors critically reviewed the manuscript.

Conflict-of-interest disclosure: D.O. is a cofounder and share-
holder of InCheck Therapeutics. The remaining authors declare no
competing financial interests.

ORCID profiles: A.-C.L.F., 0009-0007-2605-4145; M.-C.B,,
0000-0002-6569-7414; M.-S.R., 0000-0002-7139-7362; S.G.,
0000-0001-9245-1535; N.I, 0000-0003-3063-850X; C.R., 0000-
0002-3332-4525; N.V., 0000-0001-7027-040X; A.-S.C., 0000-
0003-4685-5568; D.O., 0000-0003-1299-4113.

Correspondence: Daniel Olive, Centre de Recherche en Can-
cérologie de Marseille, INSERM UMR 1068, CNRS UMR7258, Aix-
Marseille Université U105, Institut Paoli-Calmettes, 27 Bd Lei
Roure, CS 30059, 13273 Marseille Cedex 13009, France; email:
daniel.olive@inserm.fr.

References

Vadakekolathu J, Minden MD, Hood T, et al. Inmune landscapes predict chemotherapy resistance and immunotherapy response in acute myeloid
leukemia. Sci Transl Med. 2020;12(546):eaaz0463.

2. Ferraro F, Miller CA, Christensen KA, et al. Inmunosuppression and outcomes in adult patients with de novo acute myeloid leukemia with normal
karyotypes. Proc Natl Acad Sci U S A. 2021;118(49):e2116427118.

3. Khaldoyanidi S, Nagorsen D, Stein A, Ossenkoppele G, Subklewe M. Immune biology of acute myeloid leukemia: implications for immunotherapy. J Clin
Orthod. 2021;39(5):419-432.

4. Bruck O, Dufva O, Hohtari H, et al. Inmune profiles in acute myeloid leukemia bone marrow associate with patient age, T cell receptor clonality, and
survival. Blood Adv. 2020;4(2):274-286.

5.  Wiliams P, Basu S, Garcia-Manero G, et al. The distribution of T-cell subsets and the expression of immune checkpoint receptors and ligands in
patients with newly diagnosed and relapsed acute myeloid leukemia. Cancer. 2019;125(9):1470-1481.

6. Craddock C, Slade D, De Santo C, et al. Combination lenalidomide and azacitidine: a novel salvage therapy in patients who relapse after allogeneic
stem-cell transplantation for acute myeloid leukemia. J Clin Oncol. 2019;37(7):580-588.

7. Wang, CaiY yu, Herold T, et al. An immune risk score predicts survival of patients with acute myeloid leukemia receiving chemotherapy. Clin Cancer
Res. 2021;27(1):255-266.

8. Serroukh Y, Hébert J, Busque L, et al. Blasts in context: the impact of the immune environment on acute myeloid leukemia prognosis and treatment.
Blood Rev. 2023;57:100991.

9. Lamble AJ, Kosaka Y, Laderas T, et al. Reversible suppression of T cell function in the bone marrow microenvironment of acute myeloid leukemia. Proc
Natl Acad Sci U S A. 2020;117(25):14331-14341.

10. Chretien AS, Devillier R, Granjeaud S, et al. High-dimensional mass cytometry analysis of NK cell alterations in AML identifies a subgroup with adverse
clinical outcome. Proc Natl Acad Sci U S A. 2021;118(22):2020459118.

11. Chretien AS, Fauriat C, Orlanducci F, et al. NKp30 expression is a prognostic immune biomarker for stratification of patients with intermediate-risk acute
myeloid leukemia. Oncotarget. 2017;8(30):49548-49563.

12. Stringaris K, Sekine T, Khoder A, et al. Leukemia-induced phenotypic and functional defects in natural killer cells predict failure to achieve remission in
acute myeloid leukemia. Haematologica. 2014;99(5):836-847.

13. Silva-Santos B, Mensurado S, Coffelt SB. y5 T cells: pleiotropic immune effectors with therapeutic potential in cancer. Nat Rev Cancer. 2019;19(7):
392-404.

14. Parker ME, Ciofani M. Regulation of y8 T cell effector diversification in the thymus. Front Immunol. 2020;11:42.

15. Willcox CR, Mohammed F, Willcox BE. The distinct MHC-unrestricted immunobiology of innate-like and adaptive-like human y8 T cell subsets-Nature’s
CAR-T cells. Immunol Rev. 2020;298(1):25-46.

16. Iguchi-Manaka A, Kai H, Yamashita Y, et al. Accelerated tumor growth in mice deficient in DNAM-1 receptor. J Exp Med. 2008;205(13):2959-2964.

17. Guerra N, Tan YX, Joncker NT, et al. NKG2D-deficient mice are defective in tumor surveillance in models of spontaneous malignancy. Immunity. 2008;
28(4):571-580.

18. De Libero G. Sentinel function of broadly reactive human y8 T cells. Immunol Today. 1997;18(1):22-26.

4272 LE FLOCH et al

27 AUGUST 2024 - VOLUME 8, NumBer 16 € blood advances


https://orcid.org/0009-0007-2605-4145
https://orcid.org/0000-0002-6569-7414
https://orcid.org/0000-0002-7139-7362
https://orcid.org/0000-0001-9245-1535
https://orcid.org/0000-0003-3063-850X
https://orcid.org/0000-0002-3332-4525
https://orcid.org/0000-0002-3332-4525
https://orcid.org/0000-0001-7027-040X
https://orcid.org/0000-0003-4685-5568
https://orcid.org/0000-0003-4685-5568
https://orcid.org/0000-0003-1299-4113
mailto:daniel.olive@inserm.fr
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref1
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref1
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref2
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref2
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref3
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref3
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref4
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref4
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref5
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref5
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref6
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref6
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref7
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref7
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref8
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref8
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref8
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref9
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref9
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref10
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref10
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref11
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref11
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref12
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref12
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref13
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref13
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref13
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref14
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref14
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref15
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref15
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref15
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref16
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref17
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref17
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref18
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref18

19.

20.

21.

22.
283.
24,
25.

26.

27.

28.
29.

30.

31.

32.
33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.
47.
48.

Petrasca A, Melo AM, Breen EP, Doherty DG. Human V&3+ yd T cells induce maturation and IgM secretion by B cells. Immunol Lett. 2018;196:
126-134.

Chan KF, Duarte JDG, Ostrouska S, Behren A. yd T Cells in the tumor microenvironment—interactions with other immune cells. Front Immunol. 2022;13:
894315.

Holmen Olofsson G, Idorn M, Carnaz Simdes AM, et al. Vy9V82 T cells concurrently kill cancer cells and cross-present tumor antigens. Front Immunol.
2021;12:645131.

Fisher J, Anderson J. Engineering approaches in human gamma delta T cells for cancer immunotherapy. Front Immunol. 2018;9:1409.
Yazdanifar M, Barbarito G, Bertaina A, Airoldi I. y3 T cells: the ideal tool for cancer immunotherapy. Cells. 2020;9(5):1305.
Oberg HH, Kellner C, Gonnermann D, et al. y8 T cell activation by bispecific antibodies. Cell Immunol. 2015;296(1):41-49.

Ganesan R, Chennupati V, Ramachandran B, Hansen MR, Singh S, Grewal IS. Selective recruitment of y8 T cells by a bispecific antibody for the
treatment of acute myeloid leukemia. Leukemia. 2021;35(8):2274-2284.

Mullen PJ, Yu R, Longo J, Archer MC, Penn LZ. The interplay between cell signalling and the mevalonate pathway in cancer. Nat Rev Cancer. 2016;
16(11):718-731.

Tanaka Y, Morita CT, Tanaka Y, Nieves E, Brenner MB, Bloom BR. Natural and synthetic non-peptide antigens recognized by human y8 T cells. Nature.
1995;375(6527):155-158.

Rigau M, Ostrouska S, Fulford TS, et al. Butyrophilin 2A1 is essential for phosphoantigen reactivity by yd T cells. Science. 2020;367(6478):2144-2151.

Karunakaran MM, Willcox CR, Salim M, et al. Butyrophilin-2A1 directly binds germline-encoded regions of the Vy9V52 TCR and is essential for
phosphoantigen sensing. Immunity. 2020;52(3):487-498.

Cano CE, Pasero C, De Gassart A, et al. BTN2A1, an immune checkpoint targeting Vy9Vd2 T cell cytotoxicity against malignant cells. Cell Rep. 2021;
36(2):109359.

Hsiao CHC, Nguyen K, Jin Y, Vinogradova O, Wiemer AJ. Ligand-induced interactions between butyrophilin 2A1 and 3A1 internal domains in the
HMBPP receptor complex. Cell Chem Biol. 2022;29(6):985-995.

Yuan L, Ma X, Yang Y, et al. Phosphoantigens glue butyrophilin 3A1 and 2A1 to activate Vy9V82 T cells. Nature. 2023;621(7980):840-848.

Sebestyen Z, Prinz |, Déchanet-Merville J, Silva-Santos B, Kuball J. Translating gammadelta (y8) T cells and their receptors into cancer cell therapies. Nat
Rev Drug Discov. 2020;19(3):169-184.

Gertner-Dardenne J, Castellano R, Mamessier E, et al. Human Vy9V82 T cells specifically recognize and kill acute myeloid leukemic blasts. J Immunol.
2012;188(9):4701-4708.

Gertner-Dardenne J, Fauriat C, Vey N, Olive D. Immunotherapy of acute myeloid leukemia based on y8 T cells. Oncoimmunology. 2012;1(9):
1614-1616.

Benyamine A, Le Roy A, Mamessier E, et al. BTN3A molecules considerably improve Vy9V32T cells-based immunotherapy in acute myeloid leukemia.
Oncoimmunology. 2016;5(10):e1146843.

Blazquez JL, Benyamine A, Pasero C, Olive D. New insights into the regulation of y8 T cells by BTN3A and other BTN/BTNL in tumor immunity. Front
Immunol. 2018;9:1601.

Gundermann S, Klinker E, Kimmel B, et al. A comprehensive analysis of primary acute myeloid leukemia identifies biomarkers predicting susceptibility to
human allogeneic Vy9V82 T cells. J Immunother. 2014;37(6):321-330.

Wilhelm M, Smetak M, Schaefer-Eckart K, et al. Successful adoptive transfer and in vivo expansion of haploidentical y8 T cells. J Trans/ Med. 2014;12:
45,

Kunzmann V, Bauer E, Feurle J, Weissinger F, Tony HP, Wilhelm M. Stimulation of y8 T cells by aminobisphosphonates and induction of antiplasma cell
activity in multiple myeloma. Blood. 2000;96(2):384-392.

Aswald JM, Wang XH, Aswald S, et al. Flow cytometric assessment of autologous y8 T cells in patients with acute myeloid leukemia: Potential effector
cells for immunotherapy? Cytometry B Clin Cytom. 2006;70B(6):379-390.

Tang L, Wu J, Li CG, et al. Characterization of immune dysfunction and identification of prognostic immune-related risk factors in acute myeloid
leukemia. Clin Cancer Res. 2020;26(7):1763-1772.

Gentles AJ, Newman AM, Liu CL, et al. The prognostic landscape of genes and infiltrating immune cells across human cancers. Nat Med. 2015;21(8):
938-945.

Tosolini M, Pont F, Poupot M, et al. Assessment of tumor-infiltrating TCRVy9V32 y8 lymphocyte abundance by deconvolution of human cancers
microarrays. Oncoimmunology. 2017;6(3):e1284723.

Wu P, Wu D, Ni C, et al. yd8T17 cells promote the accumulation and expansion of myeloid-derived suppressor cells in human colorectal cancer.
Immunity. 2014;40(5):785-800.

Daley D, Zambirinis CP, Seifert L, et al. y8 T cells support pancreatic oncogenesis by restraining aff T cell activation. Cell. 2020;183(4):1134-1136.
Ma C, Zhang Q, Ye J, et al. Tumor-infilirating y8 T lymphocytes predict clinical outcome in human breast cancer. J Immunol. 2012;189(10):5029-5036.

Xiang Z, Tu W. Dual face of Vy9V62-T cells in tumor immunology: anti- versus pro-tumoral activities. Front Immunol. 2017;8:1041.

€ blood advances 27 AuGUST 2024 - VOLUME 8, NUMBER 16 LOW Vy9V52 T CELLS PREDICT POOR OUTCOMES IN ND AML 4273


http://refhub.elsevier.com/S2473-9529(24)00326-4/sref19
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref19
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref19
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref19
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref20
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref20
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref20
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref21
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref21
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref21
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref21
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref21
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref22
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref23
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref23
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref24
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref24
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref25
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref25
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref25
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref26
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref26
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref27
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref27
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref27
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref28
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref28
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref29
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref29
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref29
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref29
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref30
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref30
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref30
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref30
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref31
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref31
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref32
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref32
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref32
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref33
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref33
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref33
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref33
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref34
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref34
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref34
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref34
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref35
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref35
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref35
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref36
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref36
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref36
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref36
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref37
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref37
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref37
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref38
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref38
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref38
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref38
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref39
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref39
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref39
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref40
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref40
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref40
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref41
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref41
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref41
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref42
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref42
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref43
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref43
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref44
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref44
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref44
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref44
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref44
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref45
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref45
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref45
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref46
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref46
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref46
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref47
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref47
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref48
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref48
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref48

49.

50.

51.

52.

53.

54.

55.

56.
57.
58.

50.

60.
61.
62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.
74.

75.

76.

77.

Bennett JM, Catovsky D, Daniel MT, et al. Proposals for the classification of the acute leukaemias French-American-British (FAB) Co-operative Group.
Br J Haematol. 1976:;33(4):451-458.

Dé&hner H, Estey EH, Amadori S, et al. Diagnosis and management of acute myeloid leukemia in adults: recommendations from an international expert
panel, on behalf of the European LeukemiaNet. Blood. 2010;115(3):453-474.

Ben Amara A, Rouviere MS, Fattori S, et al. High-throughput mass cytometry staining for deep phenotyping of human natural killer cells. STAR Protoc.
2022;3(4):101768.

Compte E, Pontarotti P, Collette Y, Lopez M, Olive D. Frontline: characterization of BT3 molecules belonging to the B7 family expressed on immune
cells. Eur J Immunol. 2004;34(8):2089-2099.

Garcia VE, Jullien D, Song M, et al. IL-15 enhances the response of human gamma delta T cells to nonpeptide [correction of nonpetide] microbial
antigens. J Immunol. 1998;160(9):4322-4329.

Aehnlich P, Carnaz Simées AM, Skadborg SK, Holmen Olofsson G, thor Straten P. Expansion with IL-15 increases cytotoxicity of Vy9V82 T cells and is
associated with higher levels of cytotoxic molecules and T-bet. Front Immunol. 2020;11:1868.

Van Acker HH, Anguille S, Willemen Y, et al. Interleukin-15 enhances the proliferation, stimulatory phenotype, and antitumor effector functions of human
gamma delta T cells. J Hematol Oncol. 2016;9(1):101.

Lausen B, Hothorn T, Bretz F, Schumacher M. Assessment of optimal selected prognostic factors. Biom J. 2004;46(3):364-374.
Gay L, Mezouar S, Cano C, et al. Role of Vy9v82 T lymphocytes in infectious diseases. Front Immunol. 2022;13:928441.

Angelini DF, Borsellino G, Poupot M, et al. FcyRIIl discriminates between 2 subsets of Vy9V32 effector cells with different responses and activation
pathways. Blood. 2004;104(6):1801-1807.

Kallemeijn MJ, Boots AMH, van der Kiift MY, et al. Ageing and latent CMV infection impact on maturation, differentiation and exhaustion profiles of T cell
receptor gammadelta T cells. Sci Rep. 2017;7(1):5509.

Xu W, Monaco G, Wong EH, et al. Mapping of y/8 T cells reveals V52+ T cells resistance to senescence. EBioMedicine. 2019;39:44-58.
Vasudev A, Ying CTT, Ayyadhury S, et al. y/8 T cell subsets in human aging using the classical a/p T cell model. J Leukoc Biol. 2014;96(4):647-655.

Lamb LS, Gee AP, Hazlett LJ, et al. Influence of T cell depletion method on circulating gammadelta T cell reconstitution and potential role in the graft-
versus-leukemia effect. Cytotherapy. 1999;1(1):7-19.

Liu J, Bian Z, Wang X, et al. Inverse correlation of V62+ T cell recovery with EBV reactivation after haematopoietic stem cell transplantation. Br J
Haematol. 2018;180(2):276-285.

Minculescu L, Marquart HV, Ryder LP, et al. Improved overall survival, relapse-free-survival, and less graft-vs.-host-disease in patients with high immune
reconstitution of TCR gamma delta cells 2 months after allogeneic stem cell transplantation. Front Immunol. 2019;10:1997.

Godder KT, Henslee-Downey PJ, Mehta J, et al. Long term disease-free survival in acute leukemia patients recovering with increased yd T cells after
partially mismatched related donor bone marrow transplantation. Bone Marrow Transplant. 2007;39(12):751-757.

Arruda LCM, Gaballa A. Uhlin M.Impact of y8 T cells on clinical outcome of hematopoietic stem cell transplantation: systematic review and meta-
analysis. Blood Adv. 2019;3(21):3436-3448.

Rey J, Fauriat C, Kochbati E, et al. Kinetics of cytotoxic lymphocytes reconstitution after induction chemotherapy in elderly AML patients reveals
progressive recovery of normal phenotypic and functional features in NK cells. Front Immunol. 2017;8:64.

Braakman E, van de Winkel JG, van Krimpen BA, Jansze M, Bolhuis RL. CD16 on human gamma delta T lymphocytes: expression, function, and
specificity for mouse IgG isotypes. Cell Immunol. 1992;143(1):97-107.

Hoeres T, Pretscher D, Holzmann E, et al. Improving immunotherapy against B-cell malignancies using yd T-cell-specific stimulation and therapeutic
monoclonal antibodies. J Immunother. 2019;42(9):331-344.

de Weerdt |, Lameris R, Ruben JM, et al. A bispecific single-domain antibody boosts autologous Vy9V82-T cell responses toward CD1d in chronic
lymphocytic leukemia. Clin Cancer Res. 2021;27(6):1744-1755.

Cazzetta V, Bruni E, Terzoli S, et al. NKG2A expression identifies a subset of human V32 T cells exerting the highest antitumor effector functions. Cell
Rep. 2021;37(3):109871.

Brenchley JM, Karandikar NJ, Betts MR, et al. Expression of CD57 defines replicative senescence and antigen-induced apoptotic death of CD8+ T cells.
Blood. 2003;101(7):2711-2720.

Pauza CD, Liou ML, Lahusen T, et al. Gamma delta T cell therapy for cancer: it is good to be local. Front Immunol. 2018;9:1305.

Ryan PL, Sumaria N, Holland CJ, et al. Heterogeneous yet stable V32(+) T cell profiles define distinct cytotoxic effector potentials in healthy human
individuals. Proc Nat/ Acad Sci U S A. 2016;113(50):14378-14383.

Cairo C, Surendran N, Harris KM, et al. Vy2V82 T cell co-stimulation increases natural killer cell killing of monocyte-derived dendritic cells. /Immunology.
2014;144(3):422-430.

JinZ, Luo Q, Lu S, et al. Oligoclonal expansion of TCR V8 T cells may be a potential immune biomarker for clinical outcome of acute myeloid leukemia.
J Hematol Oncol. 2016:9(1):126.

Le Floch AC, Rouviére MS, Salem N, et al. Prognostic immune effector signature in adult acute lymphoblastic leukemia patients is dominated by y& T
cells. Cells. 2023;12(13):1693.

4274 LE FLOCH et al 27 AUGUST 2024 . VOLUME 8, NUMBER 16 € blood advances


http://refhub.elsevier.com/S2473-9529(24)00326-4/sref49
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref49
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref50
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref50
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref51
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref51
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref52
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref52
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref53
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref53
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref54
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref54
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref54
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref54
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref54
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref55
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref55
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref56
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref57
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref57
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref57
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref58
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref58
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref58
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref58
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref58
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref59
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref59
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref60
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref60
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref60
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref60
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref61
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref61
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref61
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref61
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref61
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref62
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref62
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref63
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref63
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref63
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref64
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref64
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref65
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref65
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref65
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref66
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref66
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref66
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref67
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref67
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref68
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref68
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref69
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref69
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref69
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref70
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref70
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref70
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref70
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref71
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref71
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref71
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref72
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref72
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref73
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref74
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref74
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref74
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref75
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref75
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref75
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref75
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref76
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref76
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref76
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref77
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref77
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref77
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref77

78.

79.

80.

81.

82.

83.

84.

85.
86.

87.

88.

Lu H, Dai W, Guo J, et al. High abundance of intratumoral y8 T cells favors a better prognosis in head and neck squamous cell carcinoma: a
bioinformatic analysis. Front Immunol. 2020;11:573920.

Billon E, Chanez B, Rochigneux P, et al. Soluble BTN2A1 is a potential prognosis biomarker in pre-treated advanced renal cell carcinoma. Front
Immunol. 2021;12:670827.

Fanale D, Incorvaia L, Badalamenti G, et al. Prognostic role of plasma PD-1, PD-L1, pan-BTN3As and BTN3A1 in patients affected by metastatic
gastrointestinal stromal tumors: can immune checkpoints act as a sentinel for short-term survival? Cancers (Basel). 2021;13(9):2118.

Benyamine A, Loncle C, Foucher E, et al. BTN3A is a prognosis marker and a promising target for Vy9V62 T cells based-immunotherapy in pancreatic
ductal adenocarcinoma (PDAC). Oncoimmunology. 2017;7(1):e1372080.

Mamedov MR, Vedova S, Freimer JW, et al. CRISPR screens decode cancer cell pathways that trigger y8 T cell detection. Nature. 2023;621(7977):
188-195.

De Gassart A, Le KS, Brune P, et al. Development of ICTO1, a first-in-class, anti-BTN3A antibody for activating Vy9V52 T cell-mediated antitumor
immune response. Sci Transl Med. 2021;13(616):eabj0835.

Fonseca S, Pereira V, Lau C, Teixeira MDA, Bini-Antunes M, Lima M. Human peripheral blood gamma delta T cells: report on a series of healthy
Caucasian Portuguese adults and comprehensive review of the literature. Cells. 2020;9(3):729.

Xu W, Lau ZWX, Fulop T, Larbi A. The aging of y8 T cells. Cells. 2020;9(5):1181.

Wistuba-Hamprecht K, Haehnel K, Janssen N, Demuth |, Pawelec G. Peripheral blood T cell signatures from high-resolution immune phenotyping of y8
and ap T cells in younger and older subjects in the Berlin Aging Study Il. Immun Ageing. 2015;12(1):25.

Mangino M, Roederer M, Beddall MH, Nestle FO, Spector TD. Innate and adaptive immune traits are differentially affected by genetic and environmental
factors. Nat Commun. 2017;8(1):13850.

Wieduwild E, Le Floch AC, Garulli C, et al. Evaluation of ICTO1, a Y982 T cell-activating monoclonal antibody, combined with venetoclax and azacitidine
in 1L AML (EVICTION Study). Blood. 2023;142(suppl 1):1552.

€ blood advances 27 AuGUST 2024 - VOLUME 8, NUMBER 16 LOW Vy9V52 T CELLS PREDICT POOR OUTCOMES IN ND AML 4275


http://refhub.elsevier.com/S2473-9529(24)00326-4/sref78
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref78
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref78
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref79
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref79
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref80
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref80
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref81
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref81
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref81
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref81
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref82
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref82
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref82
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref83
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref83
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref83
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref83
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref84
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref84
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref85
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref85
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref86
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref86
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref86
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref87
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref87
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref88
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref88
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref88
http://refhub.elsevier.com/S2473-9529(24)00326-4/sref88

	Low frequency of Vγ9Vδ2 T cells predicts poor survival in newly diagnosed acute myeloid leukemia
	Introduction
	Methods
	Study design
	Clinical samples
	Flow and mass cytometry analysis
	Generation of anti-human BTN3A mAbs
	Expansion of Vγ9Vδ2 T cells
	Degranulation assays
	Statistics

	Results
	Patients with AML with a low frequency of Vγ9Vδ2 T cells have poorer survival
	Low Vγ9Vδ2 T-cell levels are associated with immunophenotypic shifts of the Vγ9Vδ2 T-cell compartment
	The nonproliferating low Vγ9Vδ2 T-cell immunophenotype can be reversed

	Discussion
	Authorship
	References


