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ABSTRACT

Background

We previously reported that the function and proliferation of natural killer cells in myelodysplas-
tic syndromes are defective. T-cell receptor YO T cells are other important components of innate
immunity that have been recently implicated in the immune response against hematologic
malignancies.

Design and Methods

We evaluated the phenotype, function, and in vitro expansion of myelodysplastic syndrome
patient-derived y3 T cells in response to interleukin-2 and bromohalohydrin pyrophosphate, a
synthetic phosphoantigen with a potent T-cell receptor Yo agonist effect that specifically acti-
vates and amplifies this T-cell population.

Results

VY9Vo2 T cells, the major circulating yo T-cell subset, were reduced in myelodysplastic syn-
dromes, but mainly in myelodysplastic syndromes’ patients with associated autoimmune dis-
eases, suggesting that this anomaly was largely due to the autoimmune component. On the
other hand, bromohalohydrin pyrophosphate-induced expansion of the Vy9V52 T-cell popula-
tion in all 15 control samples, but in only 26 of 43 (60%) myelodysplastic syndromes patients.
The response to bromohalohydrin pyrophosphate was independent of World Health
Organization subtype, cytogenetic findings and International Prognostic Scoring System score.
In responding myelodysplastic syndromes patients, expanded Vy9V32 T cells exhibited normal
cytolytic and secretory activity against leukemic and myelodysplastic syndromes cell lines; flu-
orescence in situ hybridization analysis indicated that these Vy9Vd2 T cells were not derived
from the myelodysplastic syndromes clone. However, these Vy9V32 T cells from the MDS
patients had limited proliferative capacity in response to interleukin-2 despite having normal
expression of interleukin-2 receptor chains (oY)

Conclusions

These results, combined with our previous findings concerning natural killer cells, suggest that
there are immune surveillance defects in myelodysplastic syndromes, which may contribute to
the pathogenesis of these syndromes.
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Introduction

Myelodysplastic  syndromes (MDS) are clonal
hematopoietic stem cell disorders characterized by inef-
fective hematopoiesis and frequent progression to acute
myeloid leukemia. The pathophysiology of these syn-
dromes remains poorly explained.” Several immune
defects, including hypo- or hyper-gammaglobulinemia,
peripheral lymphopenia, abnormal B or T-cell functions,
monoclonal gammopathy, auto-antibodies and overt
autoimmune disorders have been shown to be present at
higher than expected incidences in patients with MDS.**
The immune system also seems to contribute to the pro-
gressive cytopenias observed in MDS in some cases.
Indeed, the higher level of apoptosis reported in MDS
bone marrow myeloid progenitors can be triggered by
pro-inflammatory cytokines released by macrophages
and/or lymphoid T cells in the microenvironment.’
Furthermore, immunosuppressive therapy has been
reported to improve peripheral cytopenias in some cases
of MDS.¢

The possible use of innate effector lymphocytes,
including natural killer (NK) cells, NKT cells and y8 T cells,
for tumor immunotherapy is of recent interest.”® These
effector cells detect altered self or stress molecules
expressed by various transformed cells, which are then
killed through cell-mediated lysis. We recently demon-
strated the existence of several NK cell defects in MDS,
including weak Iytic and secretory capacities, and an
absence of proliferation in vitro.®

T-cell receptor y8 T cells constitute an important subset
of cytotoxic non-conventional effectors involved in
immune reactions against mycobacteria and tumors. T
lymphocytes bearing a y8-T cell-receptor, formed by the
VY9Vd2 rearrangement, constitute a minor subset of
human peripheral T cells (1-10%). The number of these
cells in the blood increases with age, suggesting positive
selection in the periphery due to antigenic stimulation.”
This cell population has lytic potential against various
tumor cell lines in vitro™™ and could play a role in clinical
responses in lymphoid malignancies including lymphoma
and multiple myeloma.""® In addition, y§ T cells are
potent and rapid producers of interferon-y and tumor
necrosis factor-o,,"” and potentially act as antigen-present-
ing cells.” They have a regulatory function, interact with
myeloid cells and are induced in various forms of toler-
ance.'”

Several small, phosphorylated, non-peptide metabo-
lites synthesized by Mycobacterium tuberculosis have been
found to stimulate Vy9V82 T cells in vitro.”"** The most
potent of these is isopentenylpyrophosphate.” We previ-
ously showed that a synthetic analog of isopentenylpy-
rophosphate, bromohalohydrin pyrophosphate (BrHPP,
Phosphostim™) induced a large i vitro expansion of
VYOVo2 T cells derived from peripheral blood mononu-
clear cells (PBMC) from healthy donors and patients with
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metastatic renal cell carcinoma.”

In this study, we investigated Y3 T cells in MDS in order
to gain further insights into the mechanisms of develop-
ment of immune abnormalities in MDS patients, and to
assess the role of these cells as cytotoxic effectors poten-
tially useful for autologous or allogeneic cellular therapy.

Design and Methods

Patients and cell cultures

Thirty healthy donors and 44 MDS patients from four
centers of the Groupe Frangais des Myelodysplasies were
included in this study. Institutional Review Board
approval for these studies was obtained from the Groupe
Francais des Myelodysplasies Ethics Committee, and all
patients signed an informed consent form. Ten MDS
patients had concomitant autoimmune disorders (AID),
including rheumatoid arthritis (n=5), thyroiditis (n=1),
systemic lupus erythematosus (n=1), antiphospholipid
syndrome (n=1) and auto-antibodies (n=2). Given the
high incidence of associated AID in this cohort of MDS
patients, a series of 12 consecutive unselected non-MDS
patients with AID were enrolled as controls. These
patients (six with rheumatoid arthritis, five with sys-
temic lupus erythematosus, and one with several types
of auto-antibodies) were recruited from two
Departments of Internal Medicine after having given
informed consent to inclusion in the study. At the time of
blood sampling all these patients had active disease;
seven newly diagnosed patients were not receiving any
immunomodulatory treatment, two were receiving corti-
costeroids and methotrexate, and three were being treat-
ed with infliximab. Their median age (60.5 years; range:
19-88) was lower than that of the MDS patients (median
69.6 years; range, 45 to 85), and there was a female pre-
dominance (66% females in the control AID group vs
45% in the MDS group), but these differences were not
statistically significant (p=0.1, and p=0.43, respectively).

Blood samples (15-30 mL) were collected and PBMC
were isolated by centrifugation on a Ficoll-Hypaque den-
sity gradient (Amersham Biosciences). PBMC from
healthy donors were treated in parallel with patients’ sam-
ples to control for Y amplification. Between 2x10° and
10x10° PBMC were cultured at a density of 2x10%/mL in
500 pL of RPMI 1640 supplemented with 10% v/v fetal
calf serum (Fetal Clone irradiated, HyClone) in a 24-well
plate. BrtHPP (Innate Pharma, Marseille, France) was added
once, to a final concentration of 3 UM at the start of the
culture, together with 100 IU/mL interleukin(IL)-2 (Aventis
Pharma, Romainville, France). On day 5 and every 3 days
thereafter, the medium containing IL-2 (100 IU/mL) was
replaced. In some experiments, IL-2 was replaced by IL-15
(20 ng/mL) or used in combination with IL-7 (10 ng/mL) or
IL-21 (40 ng/mL). The expansion of yd T cells was deter-
mined on days 5, 8, 11 and 14 by flow cytometric assess-
ment of the percentages of CD3V32 T cells.



*‘Chromium release assay, CD107a mobilization test
and interferon-y secretion test

'Cr release assay. When the proportion of V82 T cells
generated by BrHPP/IL-2-induced stimulation of MDS
patients’ PBMC exceeded 85%, the cytotoxicity of the
expanded-Vy9VE2 T cells was determined in a 4 h *'Cr
release assay using the sensitive cell lines Daudi and P39,
and the resistant cell line Raji. These target cell lines were
labeled with 100 pCi *'Cr for 60 min. The effector to tar-
get ratio ranged from 40:1 to 5:1. Specific lysis (expressed
as a percentage) was calculated using the standard for-
mula [(experimental-spontaneous release/total-sponta-
neous release) x 100]; the mean of the triplicates was
recorded. Lysis values for VY9V82 T cells from donors
and MDS patients were compared using Student’s t-test.

CD107a mobilization test. The lytic capacity of expand-
ed VO2T cells was assessed using the CD107a mobiliza-
tion test (CD107a-FITC, Immunotech). This test allows
the analysis of a T-cell subset of interest in bulk popula-
tions. The degranulation potential of V82 T cells was
measured using P815 FcR-positive cells coated with anti-
human T-cell receptor Y8 monoclonal antibody (IMMU
510, Beckman Coulter) to trigger T-cell receptors.

Secretion of interferon-y by activated V62T cells: Br-HPP
activated V82T cell cultures from donors and MDS
patients were incubated for 6 h in 96-well plates coated
with anti-human T-cell receptor ¥8 monoclonal antibody;
supernatants were harvested and interferon-y secretion
was measured by an enzyme linked immunosorbent

assay (BD OptEIA Set Human IENy, BD Sciences).

Expression of IL-2 receptor chains

PBMC were treated with BrHPP (3 mM) and IL-2 (100
[U/ml) for 5 to 8 days. The expression of IL-2 and IL-15
receptor chains was assessed by flow cytometry on Vo2
T cells ex vivo and on V32 T cells activated by BrHPP+IL-
2. Alternatively, PBMC were stimulated for 2 to 5 days
with 100-500 IU/mL IL-2 (or IL-15) and IL-2Rat expres-
sion was analyzed. Membrane expression of IL-2RB
chain (CD122), IL-2Ry chain (CD132) and IL-2Ra chain
(CD25) on CD3*, CD3*V32 and CD3CD56" NK cells
was determined using conjugated monoclonal antibod-
ies.

Fluorescence in situ hybridization (FISH)
Immunoselected T-cell receptor ¥§ T cells expanded
from MDS patient-derived PBMC were allowed to
adhere to polylysine™ glass slides (O Kindler GmbH,
Freiburg, Germany) and fixed in methanol/acetic acid
(3:1). Interphase FISH was performed with the following
probes, according to the manufacturer's instructions: a
spectrum orange- and fluorescein-labeled dual probe
(D771/D8Z1) for simultaneous detection of the chromo-
some 7 and 8 centromeres; spectrum orange and spec-
trum green-labeled probes (LSI CSFIR /D5523-D55721)
for simultaneous detection of the chromosome 5 regions

533 and 5p15.2 (all from Abott, Rungis, France). Cell
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nuclei were counterstained with DAPI (Vectashield,
Vector Laboratories Inc., Burlingame, USA). Fluorescent
signals were viewed with a Zeiss Axiophot epifluores-
cence microscope (Carl Zeiss SA, Le Pecq) linked to
MetaSystems software (Altlussheim, Germany).
Between 50 and 200 cells were counted for each speci-
men by independent observation.

Results

Clinical and hematologic characteristics of the
patients

The 44 unselected consecutive MDS patients enrolled
in the study comprised five with refractory
anemia/refractary anemia with ringed sideroblasts, 13
with refractory anemia with excess of blasts (RAEB)-1,
ten with RAEB-2, nine with refractory cytopenia with
multilineage dysplasia, two with unclassifiable MDS,
four with MDS with isolated del(5q), and one with
MDS-myeloproliferative disorder, according to the WHO
classification. None had previously received cytotoxic or
immunomodulatory treatment. The clinical and hemato-
logic characteristics of these patients are summarized in
Online Supplementary Table 1. Their median age was 69.6
years (range, 45 to 85), and the median follow-up since
the diagnosis of MDS was 14 months (range, 0 to 169).
The International Prognostic Scoring System (IPSS)
score,” available for 36 patients with successful cytoge-
netic analysis, was low in six, low intermediate (INT-1)
in 18, high intermediate (INT-2) in eight, and high in four
of the patients. Eight patients developed acute myeloid
leukemia during the follow-up, and ten patients present-
ed concomitant AID. MDS patients with or without AID
had similar age (p=0.43), sex ratio (p=0.47), white cell
count (p=0.82), polymorphonuclear cell count (p=0.33),
platelet count (p=0.38), distribution of MDS subtypes
(p=0.17), IPSS score (p=0.62), progression to acute
myeloid leukemia (p=0.38), and survival (p=0.24).
However, MDS patients with associated AID had lower
hemoglobin levels (median 8.45 vs 9.7 g/dL; p=0.01) and
longer follow-up since the diagnosis of MDS (median 54
vs 18 months; p=0.014) than MDS patients without AID.

The percentage of peripheral V2 T lymphocytes is
lower in MDS with associated AID

Before in vitro stimulation, the percentages of T cells
that were CD3, CD4* and CD8* in MDS patients were
in the same ranges as those of normal donors (18%-
60.8% for CD8 T cells). The percentage of circulating
V2T cells, assessed using the CD3/TCRV&2 combina-
tion, was significantly lower in MDS patients (median,
1.16%; range, 0.2-2.9%) than in healthy donors (median,
2%; range, 1.3-4%) (p=0.002). This percentage was sig-
nificantly lower in MDS patients with concomitant AID
(median, 0.2%; range, 0.06-0.48%) than in healthy

donors (p=6x 107), but was not significantly lower in
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MDS patients without AID (median, 1.2%; range, 0.2-
2.9%; p=0.10) (Figure 1). The difference in the propor-
tions of circulating V32T cells was, therefore, associated
with the presence of AID. In 12 non-MDS patients with
AID, the percentage of circulating V2T cells was signif-
icantly lower (median, 0.37 %; range, 0.17-0.95%) than in
controls (»=0.002), and similar to that found in MDS
patients with associated AID (p=0.41) (Figure 1). These
differences in percentages of circulating VyoVo2 T cells
were independent of age (»=0.35).

Response to stimulation with BrHPP combined with IL-2
PBMC from 43 MDS patients and 15 healthy donors
(controls for yd expansion), were cultured with BrHPP (3
uM) and IL-2 (100 U/mL) for 8 to 18 days. Consistent
with previous reports,* the percentage of V&2 T cells
gradually increased in in vitro PBMC cultures from con-
trols, accompanied by an exponential proliferation of the
responding cells (>70% of V&2 T cells at 14-18 days,
defining high responders) in all cases (Figure 2A).

A response to BrHPP stimulation was obtained in 60%
of MDS patients. In detail, 12 of the 43 (28%) cultures
displayed high V82 T-cell expansion generating >70% of
Vo2 T cells, 14 (32%) displayed intermediate expansion
(between 30 and 70%), and 17 (40%) did not respond to
BrHPP (< 30% Vo2 T cells). Most MDS patients who did
not respond to BrHPP had associated AID (7 of 10
patients, 70%) (Figure 2B). Of the 33 MDS patients with-
out AID, 11 (33%) did not respond to BrHPP and IL-2; 12
were high responders, and ten cultures displayed inter-
mediate expansion (Figure 2C). Stimulation with IL-2
alone did not induce expansion of the V82 T-cell popula-
tion. BrHPP responses were not correlated with age
(»=0.58), MDS subtype (p=0.5), cytogenetic findings
(»=0.3), or IPSS score (p=0.7). The lower percentage of
circulating y8 T cells did not account for the different
responses to BrHPP in MDS patients; indeed, a large
expansion (>70%) of V32 T cells occurred in some
patients with very low percentages of circulating yd T
cells. Differing responses to BrHPP and IL-2 induced in
vitro were observed in MDS patients with associated AID
and in non-MDS AID patients; no expansion of the V32
T cell population was observed in nine of the 12 (75%)
patients analyzed (Figure 2D), suggesting that the differ-
ences in response to BrHPP in vitro were related to the
presence of AID rather than MDS.

Subsequent studies were performed only on cells from
MDS patients without AID, because the numbers of cir-
culating V32 T cells and their expansion rates were too
low in MDS patients with AID for phenotypic or func-
tional analyses.

Since the response to BrHPP is related to the differen-
tiation status of the Y8 T cells, we studied the Vy9V42 T-
cell repertoire in PBMC from 12 MDS patients and ten
healthy volunteers ex vivo. In humans, Y8 T cells are clas-
sified into four subsets according to the expression pat-
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tern of CD45RA and CD27 markers: naive (T, CD45RA"
CD27%) and central memory (Tew, CD4SRACD277) v8T
cells display high proliferation capacity but low effector
function, whereas the reverse is true for effector (Tem,
CD45RACD27") and late effector (Temra, CD45RA*CD27)
Y3 T cells.” In line with previous findings,” Tcu cells con-
stituted the major subpopulation among circulating
VYOV82 T cells in most (8/10) of the healthy donors; Tim
cells were dominant in the other two healthy donors. A
much more heterogeneous distribution of the different
¥8-T cell subsets was found in MDS patients. Teu cells
were the predominant subpopulation in only six of the
12 MDS patients, whereas Trura cells were predominant
in four patients. Unexpectedly, two MDS patients had a
predominant population of naive y§ T cells. Cultures
(which could be performed in nine of these 12 MDS
patients with sufficient numbers of y8 T cells for both
analyses) resulted in expansion of the y§ T-cell popula-
tion in all but one case, regardless of the size of the Tcu
population; thus the skewed repertoire of ¥8 T cells in
these MDS patients was not responsible for the altered
T-cell receptor agonist-induced responses. These reper-
toire analyses were performed only in samples with >1%
of ¥0 T cells (see Design and Methods), and the results
may, therefore, be relevant only in patients in whom 3
T cells could be expanded in vitro.

In vitro analysis of clonal expansion and phenotype of
expanded MDS-V32 T cells

The BrHPP-stimulated-Vy9V&2 T cells from 12 respond-
ing MDS patients were further phenotyped from days 8
to 12 of culture, using the panel of monoclonal antibodies
described above. I vitro BrHPP-stimulation from normal
PBMC induced the rapid proliferation of Teu cells which
became the major VY9V&2 T-cell subset by day 5 of cul-
ture. In MDS patients, all expanded Vy9V&2 T lympho-
cytes had the same differentiation status (data not shown).
Furthermore, these cells were activated (CD69) and
expressed the lysis-triggering receptor NKG2D (median,
88.9%; range, 67.2-99.9%). A lower proportion of CD8"
V2T cells (5.2% versus 18.5%) and weaker CD8 expres-
sion, as assessed by median or mean fluorescence intensi-
ty (data not shown), were found in expanded V82 T cells
from MDS patients than in those from healthy donors.
This suggests that different subsets of V82 T cells were
expanded in MDS patients and controls.

FISH analyses were performed in expanded V82 T cells,
purified by FACS, derived from six informative MDS
patients with 5g- (n=4), +8 (n=1), or 11g- (n=1) chromo-
somal abnormalities. No chromosomal abnormality was
detected in the V32 T cells from these patients (1ot shown).

Functional activities are maintained in V62 T cells
expanded from MDS patients

The cytolytic potential of expanded V2 T cells from
MDS patients was assessed using two complementary
assays. In cultures generating more than 85% Vo2 T cells,
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Figure 1. Percentages of peripheral V&2 T cells in healthy donors
(HD, n=15), non-MDS patients with auto-immune disease (AID,
n=10), MDS patients with no associated AID (MDS/AID-, n=32),
and MDS patients with AID (MDS/AID*, n=10). Boxplots of V52 T-
cell percentages on day O from the four populations analyzed
show a lower proportion of V62 T cells in AID* and MDS/AID*
patients than in MDS/AID- and HD.

cell-mediated lysis was measured by the *'Cr release
assay. The Burkitt’s lymphoma cell lines Daudi and Raji
were used as sensitive and resistant targets, respectively,
to assess yo-mediated lysis, and the P39 cell line was used
as a representative MDS target. In all eight MDS-derived
V82 T-cell cultures, the percentage lysis for the Daudi cell
line was similar to that obtained for donor V82T cell cul-
tures (n=10). The MDS cell line, P39, was efficiently
killed by both MDS- and donor-derived activated V62 T
cells (Figure 3A).

The externalization of lysosome associated membrane
protein (LAMP-1 or CD107a) by activated T and NK cells
following stimulation by a target provides an alternative
way to measure cell-mediated lysis by T or NK cell sub-
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sets without their prior immunoselection.” Expanded T
cells were specifically stimulated with T-cell receptor ¥
monoclonal antibody-coated P815 target cells and
degranulation was measured by CD107a staining. The
level of y8 T-cell degranulation was similar between
donors and responding MDS patients (Figure 3B). In V32
T cells derived from six intermediate responders (i.e. cul-
tures of cells from patients containing 30 to 70% V32),
degranulation of MDS-V82 T cells was similar to that of
donor-derived cells (Figure 3C); thus, even in patients
with intermediate levels of expansion, 8 T cells expand-
ed ex vivo were lytic. In addition, T-cell receptor agonist
and IL-2 induced the secretion of interferon-y by V82 T
cells. Large amounts of interferon-y (>4 ng/mlL) were
secreted by both MDS patient-derived (n=8) and donor-
derived (n=10) V32 T cells following T-cell receptor trig-
gering. Thus, V82 T cells expanded from MDS patients
are lytic and can secrete cytokines, like normal V82 T
cells.

V62 T cells expanded from MDS patients have weak IL-
2 induced proliferation

v8 T-cell cultures from responding MDS patients dis-
played a weaker proliferative response to IL-2 than
donor-derived cultures, despite an efficient initial expan-
sion of V82 T cells. The amplification index (ratio of
absolute numbers of V82 T cells on day 14 divided by the
absolute numbers of V82 T cells on day 0) was deter-
mined in ten cultures from MDS patients containing
>70% V82T cells and in 15 control cultures derived from
healthy donors. The mean amplification index in MDS
patient-derived cells was 93 (range, 14 to 191), whereas
it was 389 (range, 90 to 950) in controls (p=0.0023)
(Figure 4A, left panel). Thus, although V&2 T cells from
MDS patients were expanded with a similar efficiency to
that of cells from healthy donors, they displayed a lower
capacity to proliferate in vitro in response to IL-2. MDS
patients responding to BrHPP had a higher percentage of

Figure 2. Response to in vitro activa-
tion of T-cell receptor V82T cells from
donors, MDS patients with or without
AID, and AID patients. PBMC (2x10°
cells/mL) from 15 healthy donors
(HD: panel A), 43 MDS patients (pan-
els B and C) and 12 non-MDS AID
patients (panel D) were simulated
NR with BrHPP (3 pM) and IL-2 (200

IU/mL). Ten of the MDS patients had
associated AID (panel C, n=10).
PBMC (2x10°/mL) were cultured in
RPMI 1640 supplemented with 10%
v/v fetal calf serum in a 24-well
plate. BrHPP was added once, to a
final concentration of 3 UM at the
start of the culture, together with
Rl 100 IU/mL IL-2. On day 5 and every

3 days thereafter, medium contain-

ing IL-2 (100 IU/mL) was replaced.
NR Percentages of CD3V32 T cells were

determined on days (D) O, 5, 8, 11

D8 D11 D14 and 14 following stimulation.
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V2T cells than healthy volunteers (MDS patient medi-
an: 4.5% (range, 2.1-7.5), although this difference was
not statistically significant (Figure 4A).

Treatment with higher concentrations of IL-2 (500 and
1000 U/mlL) did not increase the proliferation index of
MDS V82 T cells (data not shown). Cells were treated with
IL-15. This cytokine displays similar biological activities
to IL-2 and is active on memory T cells. The IL-2 and IL-
15 receptors have two signal transducing chains, RB and
Ry, in common. MDS patient-derived cultures (n=7)
stimulated with IL-15 (20 ng/mL) did not have a greater
response to BrHPP or a higher proliferation index than
cultures treated with IL-2. We also treated cells with a
combination of IL-2 and two cytokines signaling through
the 7y chain, IL-7 and IL-21. These cytokines have home-
ostatic effects on memory T cells and synergize with IL-
2 to induce the proliferation of T and NK cells. The com-
bination of IL-2 with IL-7 or IL-21 had no effect on the
proliferation of MDS-V82 T cells (data not shown). We
studied the surface expression of the IL-2 receptor o, B
and y chains on MDS V82 T cells by flow cytometry to
exclude the possibility that changes in IL-2 receptor
expression were responsible for the absence of prolifera-
tion. We found constitutive expression of IL-2/15 Rp
(CD122) and yc (CD132) and weak expression of IL-2Ro.
(CD25) on resting MDS V82T cells, as in V82T cells from
healthy individuals (Figure 4B). Phosphoantigen activates
8 T cells inducing CD25, so CD25 expression was
assessed following 5 days of BrHPP and IL-2 treatment.
The induction of IL-2Ra expression was similar in MDS
Vo2 T cells (n=6) and control V82T cells (n=6); expression
of the IL-2RB and IL-2Ry chains was not modulated by
BrHPP activation (Figure 4B).

Discussion

The benefits of allogeneic adoptive cellular therapy in
MDS patients demonstrate the potential importance of
immune cells in disease control.*® We investigated the
phenotype and function of T-cell receptor ¥ T cells, an
important component of innate immunity that has rarely
been studied in MDS.**

We found (i) a significantly lower baseline proportion
and in vitro expansion of VY9V82 T cells in MDS patients
with concomitant AID, phenomena more likely related
to the AID; (ii) a specific proliferation defect of MDS
Vy9VE2 T cells in response to IL-2; (iii) that it was possi-
ble to expand ex vivo phenotypically normal, fully func-
tional, and non-clonal autologous Vy9V82 T cells in the
majority of MDS patients.

The proportion of circulating VYIV32 T cells was lower
in MDS patients than in healthy donors. However, this
was mostly attributable to MDS patients with associated
AID, because MDS patients without AID had a similar
percentage of circulating VY9V32 T cells as controls. A
control group of non-MDS patients with active AID had
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Figure 3. Functional analysis of BrHPP-expanded V82 T cells from MDS
patients. A. V32T cells from MDS and donor PBMC were treated with
BrHPP and IL-2 in vitro for 8 to 12 days. Cultures with >85% expand-
ed V82T cells were analyzed for 5Cr rel The **Cr rel assays
were performed on V82 T cells using Daudi (dark gray), Raji (light gray)
and P39 (black) targets. Results are expressed as mean percentages
from independent experiments on donors (n=10, left panel) and MDS
patient-derived cultures (n=8, right panel). B. In addition, the lytic
potential of Y8 T cells was assessed by CD107a degranulation assays.
Activated V82 T cells from healthy donors (HD) and MDS patients were
incubated for 3 h with T-cell receptor Vd2-coated P815 cells and
labeled with CD107a. One representative experiment of six is shown.
C. CD107a degranulation of MDS patient PBMC-derived V82 T-cell cul-
tures generating 30 to 70% of V2 T cells (left panel). Cells were incu-
bated for 3 h with anti-T-cell receptor V32-coated P815 cells, labeled
with CD107a and stained with a PE-antiV82 monoclonal antibody. One
representative experiment of six is shown.

significantly lower percentages of VY9V32 T cells than
healthy controls, but a similar percentage to MDS
patients with associated AID. Furthermore, comparable
absence of expansion of y8 T cells in response to BrHPP
was found in MDS and non-MDS patients with AID.
These defects, therefore, seemed to be correlated to the
existence of an associated AID.

It has been previously suggested that ¥ T cells, partic-
ularly V31 T cells, could play a role in the pathogenesis
of AID."** Furthermore, V82T cells are decreased in the
peripheral blood of patients with lupus and arthritis, and
could display regulatory properties in addition to the
pathogenic contribution of V81 T cells.*® We found that
the duration of MDS was significatly longer in those
MDS patients with AID than in those without AID
(median 54 vs 13 months; p=0.014). Such findings may
suggest that, in a subset of MDS patients, altered prolif-
eration of Y8 T cells could progressively lead to a
decrease in the circulating numbers of these cells, trig-
gering subsequent development of AID. Alternatively,
these results could suggest in vivo activation and deletion



of this T-cell subset in response to a particular environ-
ment in patients with AID, independently of MDS.
Correlations between clinical or serological immunolog-
ical abnormalities and other biological features have
rarely been investigated in MDS. A recent retrospective
study found that, apart from a female prevalence, the
presence of AID was not correlated with any alterations
concerning T, B or NK cells.*

Our study also provides new data on the physiology
of ¥0 T cells in MDS. The repertoire of peripheral
Vy9VE82 T cells from healthy donors mostly consists of
memory cells with a predominant subpopulation of Tcu
cells. In MDS patients, the repertoire of Vy9V62 T cells
was more heterogeneous, with a predominant Teu pop-
ulation in only 50% of patients. A few patients exhibit-
ed an unusual repertoire with a large subset of naive
cells or late effector memory cells. The small numbers of
naive and central memory cells, and the predominance
of effector memory cell subsets in MDS is, however,
also consistent with previous findings of differences in
Y8 repertoire changes between young adults and older
subjects and could reflect the older median age of the
MDS patients.” Alternatively, the fact that these experi-
ments could only be carried out in patients with at least
1% of V82 T cells may have represented a selection bias,
and our results should be interpreted only in the context
of this subset of MDS patients.

Activation of TCR ydT lymphocytes in MDS

We found that PBMC cultures of 60% of the MDS
patients responded to BrHPP, with 28% identified as
high responders, resulting in V52 T-cell expansions similar
to those obtained in healthy subjects, while reduced
responses to BrHPP were seen in the remaining patients.

In healthy donors, the response to phosphoantigens
and cytokines is affected by the differentiation status of
v T cells: IL-2 stimulates the expansion of Teum, and IL-
15 is required for the survival and expansion of Teu
cells.” In addition, we previously showed poor expan-
sion of V32 T cells following BrHPP+IL-2 stimulation in
patients with metastatic renal cell carcinoma with a pre-
dominant population of Tm. Similar findings were
reported in multiple myeloma patients following stimu-
lation with zoledronic acid+IL-2." In cultures from MDS
patients, the response to BrHPP was independent of the
8 T-cell repertoire, and IL-15 did not increase the expan-
sion of effector memory T cells, suggesting that the
altered expansion we found in some patients was due to
an intrinsic defect of those cells.

In MDS patients responding to BrHPP, the response
pattern was nevertheless different from that of healthy
donors, and two categories of responders could be distin-
guished according to the rate of V82 T-cell expansion:
high responders (generating >70% of V32 T cells, as in
controls) and intermediate responders (generating only 30-

70% of V&2 T cells). Expanded V82 T cells from MDS

Figure 4. Altered proliferation of
V32 T cells despite normal
expression and induction of IL-
2Ro. by MDS patient-derived rest-
ing and activated V362 T cells. A.
Proliferation of V&2 T cells in
donors (n=11) and MDS patients
(n=10) in response to BrHPP and
IL-2. Donors and patients with
>1% peripheral V32 T cells were
studied. The V362 T cells were
counted at 3-day intervals during
the expansion induced by BrHPP
and IL-2, and the proliferation

! index calculated as described in
the Design and Methods section.
The boxplots on the left show the
proliferation index of expanded
V82 T cells derived from healthy
donors (HD) and MDS patients.

The boxplots on the right show
percentages of circulating V62 T
cell on day O from HD and MDS
responding patients. B. Express-
ion of IL-2Ra, § and y chains on
resting o T cells and induction of
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patients expressed lower levels of CD8 than those from
controls. In contrast, we previously reported stronger
CD8 expression on V&2 T cells expanded from renal cell
carcinoma patients.* These data indicate that different
subsets of Y0 T cells are expanded in patients with MDS
and metastatic renal cell carcinoma. However, activated
V2T cells derived from responding MDS patients were
functional, efficiently killed target cells including an
MDS-derived cell line, and secreted large amounts of
interferon-y. Thus, these activated ¥ T cells may act as
cytotoxic effectors in the elimination of MDS clones.
This is in contrast to MDS-derived NK cells that exhibit
altered lytic and secretory capacities, even in response to
high doses of IL-2.?

In addition, although we previously showed that a sig-
nificant proportion of peripheral NK cells belonged to the
myelodysplastic clone,” we detected no MDS cytogenet-
ic abnormalities in ¥ T cells expanded in vitro from MDS
patients. These data are consistent with the ontogeny of
T cells, although we cannot exclude the loss of clonal
Vo2 T cells during culture (the low frequency of this
peripheral T-cell subset precluded direct ex vivo analysis).

Another characteristic of the response to BrHPP in cul-
tures of cells from MDS patients was the low rate of pro-
liferation of the expanded V&2 T cells. This change in
proliferation in vitro in response to IL-2 (and IL-15), simi-
lar to that which we previously described for MDS NK
cells,” was not restored by IL-7 or IL-21, and suggests a
defect in the common IL-2/IL-15 signal transduction

pathway. We showed that CD25 (IL-2 Ro. receptor) was
induced by the activation of NK and y3 T cells, suggest-
ing that, despite normal expression of IL-2R, down-
stream IL-2 signaling pathways may be altered. In human
V2T cells, IL-2 activates signal transducer and activator
of transcription (STAT) 3 and STAT-5, PI8kinase and ErK2
(as in NK and T-cell receptor o/ T cells), as well as
STAT4 (as in NK cells), and p38 mitogen-activated pro-
tein kinase (as in T-cell receptor o/ T cells).* As prolif-
eration rates of NK and y8 T cells are altered in MDS, we
are currently investigating the STAT signaling pathways
in these cases.

In conclusion, an expansion of potent activated cyto-
toxic YO effectors in response to phosphoantigens could
be achieved in 60% of MDS patients, irrespective of
cytogenetic findings, WHO subtype or risk category.
These expanded cells may be of particular value in the
development of immunotherapy for MDS.
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