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Abstract Despite being of the myeloid lineage, acute
myeloid leukaemia (AML) blasts are of low immunogenic-
ity, probably because they lack the costimulatory molecule
CDS80 and secrete immunosuppressive factors. We have
previously shown that in vitro stimulation of autologous
peripheral blood mononuclear cells (PBMCs) with primary
AML cells modified to express CD80 and IL-2 promotes
proliferation, secretion of Thl cytokines and expansion of
activated CD8" T cells. In this study, we show that alloge-
neic effector cells (from a healthy donor or AML patients)
when stimulated with IL-2/CD80 modified AML blasts
were able to induce the lysis of unmodified AML blasts.
Effector cells stimulated with IL-2/CDS8OAML blasts had
higher lytic activity than cells stimulated with AML cells
expressing CD80 or IL-2 alone. Similarly, AML patient
PBMC:s primed with autologous IL-2/CD80 AML cells had
a higher frequency of IFN-y secreting cells and show cyto-
toxicity against autologous, unmodified blasts. Crucially,
the response appears to be leukaemia specific, since stimu-
lated patient PBMCs show higher frequencies of IFN-y
secreting effector cells in response to AML blasts than to
remission bone marrow cells from the same patients.
Although studied in a small number of heterogeneous
patient samples, the data are encouraging and support the
continuing development of vaccination for poor prognosis
AML patients with autologous cells genetically modified to
express IL-2/CD80.
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Introduction

Acute myeloid leukaemia (AML) is a group of clonal hae-
matopoietic stem cell disorders in which over-proliferation
and failure to differentiate result in an accumulation of
myeloblasts in the bone marrow. Despite advances in inten-
sive chemotherapy and haematopoietic stem cell transplan-
tation (HSCT), more than half of adult AML patients still
die of their disease [1, 2]. One area which holds promise for
improved treatment is immunotherapy (for recent reviews
see [3, 4]). HSCT and donor leucocyte infusions (DLI)
have been shown to confer clinically beneficial immune
responses [5] and a number of putative leukaemia-associ-
ated antigens have recently been identified [6-10]. How-
ever, leukaemia patients often show disease-related [11-14]
or treatment-induced [15—-17] immunosuppression, making
the challenge for immunotherapy considerable.

We are pursuing a whole cell vaccination strategy utilis-
ing genetically modified intact primary AML cells. This has
the potential advantage of stimulating responses to multiple
antigens and does not require knowledge of T cell epitopes
or tailoring to individual patient HLA composition. Unlike
many other malignancies, it is relatively easy to obtain
large numbers of AML cells, and they are generally viable
in vitro and recover well from frozen. AML cells should
provide a unique opportunity for whole cell vaccination, as
unlike many other tumour cells they express MHC II and
other important immune-activating molecules such as
ICAM1 and CD86 [18]. However, they are of low
immunogenicity, probably because they lack expression of
CDS8O0 [18], express high levels of CLIP [19] and secrete
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Table 1 Characteristics of

AML patient samples used Patient Age FAB sub-type Karyotype Mutations

in this study FIt3-ITD  FIt3 point mutations NPM-1
1 71 M1 Complex cytogenetics No mutation results available
2 57 M5 45, X, =Y MND MND Mutant
3 21 M5 46, XY, t(6;11) (q27;923) No mutation results available
4 30 Ml 46, XY, t (5;6) (p15;q15), No mutation results available

t (16;21) (p13:q11)

5 65 M5 46, XY MND MND MND
6 63 M4 46, XX Mutant MND Mutant
7 55 M1 46, XY, t(9;22) (q34;q11) MND MND MND

MND mutation not detected

immunosuppressive factors [20, 21]. We have therefore
genetically modified primary AML cells to express CDS80,
either alone or in combination with IL-2 [22-24]. Stripecke
et al. [25] were the first to report the transduction of pri-
mary human AMLs with lentiviral vectors (LV). We have
subsequently designed LV to efficiently modify primary
AML cells [24]. The immunostimulatory properties of
CD80 and IL-2 are well characterised and there is accumu-
lating in vitro [26-30], animal [31, 32] and clinical data
[33-36] to suggest that they could be effective mediators of
AML immunotherapy.

AML cells transduced with our vectors showed potent
stimulatory capacity in lymphocyte proliferation assays. In
addition, stimulated effector cells underwent expansion and
showed increased levels of Thl cytokines in culture super-
natants [24]. We now report a small study showing that
cultures stimulated with IL-2/CD80AML cells show an
increased frequency of IFN-y secreting cells, and increased
MHC-dependent cytolytic activity against unmodified
autologous AML blasts. In addition, we present preliminary
evidence to suggest that the stimulated effectors preferen-
tially respond to AML blasts compared to remission bone
marrow cells.

Materials and methods
Patients and samples

Primary AML blasts were obtained from the peripheral
blood of adult patients with high-count AML, at diagnosis
and prior to initiation of chemotherapy. Peripheral blood
mononuclear cells (PBMCs) were obtained from AML
patients following chemotherapy and also from healthy
volunteers. 15 AML samples were incubated with >'Cr
as described below. Of 15 AML samples examined, ten
labelled adequately and could be included in the study.
Remission bone marrow was obtained from AML patients
during cytogenetic and morphological remission. All
patient samples were obtained after informed consent as
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approved by KCL Ethics Committee, in compliance with
the principles of the Declaration of Helsinki (1964). Muta-
tional analyses were carried out by the Cytogenetics and
MRD laboratories, Department of Haematological Medi-
cine, King’s College Hospital. FAB sub-typing and karyo-
typing were carried out by the Immunophenotyping
Laboratory and Cytogenetics Units, respectively (KCH,
London), for details see Table 1. All primary samples from
patients or healthy donors were stored and anonymised in
compliance with the regulations of the UK Human Tissue
Act, 2005.

Cell culture

Acute myeloid leukaemia blasts, remission bone marrow
cells and PBMCs were purified by Histopaque (Sigma)
density gradient centrifugation and cryopreserved in
X-VIVO 15 (BioWhittaker) with 10% DMSO and 50%
Human AB serum (Sigma). Cryopreserved bone marrow
samples from patients in remission were obtained from the
Stem Cell Laboratory (King’s College Hospital, London).
T cells were isolated from healthy donor PBMCs with a T
cell Negative Isolation Kit (Dynal, Norway). All primary
cells were cultured in X-VIVO 15 medium. AML cultures
were supplemented with rhSCF (20 ng/ml) and rhIL-3
(10 ng/ml) (R&D Systems, UK) prior to and during lentivi-
ral infection.

LV construction, virus production and titration procedures
were carried out as previously described [24].

Genetic modification of AML cells

Cryopreserved AML blasts were thawed and cultured for
3 days in the presence of recombinant human SCF (20 ng/
ml) and IL-3 (10 ng/ml) (R&D Systems, UK), prior to len-
tiviral (L'V) infection. Target cells were washed and plated
at 1 x 10°mlI~! and supplemented with 10 pg/ml DEAE
dextran (Amersham Pharmacia). Aliquots of LV were
thawed and infections performed overnight, at an MOI of
2-10 under standard culture conditions. The following day
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Table 2 Surface molecule phenotype of AML samples and gene expression levels post-lentiviral modification

Patient sample ~ Surface molecule expression

Gene expression post-LV modification

MHCI  MHCII CD86 CD34 CD54 CD80  CDS8O0* cells (%) pg IL-2/10° cells/24 h
LV.CD80 LV.IL-2/CD80 LV.IL-2 LV.IL-2/CD80

1 + + + + — 56 41 3 1.2
2 + + + + Low 63 50 4 2

3 + + + + — 93 89 7.2 5.9
4 No AML cells available - — — -

5 + + + + — ND 49 ND 1.9
6 + + + + - ND 42 ND 1.5
7 + + + + — ND 63 ND 5.4

ND not done, + result by FACS was defined as at least 40% positive staining cells

cells were washed twice and cultured for 72 h prior to anal-
ysis of IL-2 (ELISA) and CD80 expression (FACS) as pre-
viously described [24]. All samples showed a minimum of
40% CDS8O0 positive cells after LV.CD80 or LV.IL-2/CD80
infection, and a minimum secretion of 1 ng IL-2/ 106¢ells/
24 h after LV.IL-2 or LV.IL-2/CD80 infection. All samples
showed lower expression of CD80 and IL-2 after infection
with LV.IL-2/CD80 compared to LV.IL-2 or LV.CD80
infection (for results see Table 2). For extensive discussion
of our gene transfer results please see Chan et al. [24].

Co-culture of effector cells and leukaemic cells

PBMCs (2 x 10°) from healthy donors or AML patients in
remission were seeded into 12-well plates, in a volume of
1 ml. Modified or unmodified AML blasts were prepared at
5x 10°ml~! and irradiated at 30 Gy. PBMC cultures
received 1 ml of either medium only (unstimulated con-
trol), 5 x 10° unmodified AML, LV.CDS8OAML, LV.IL-2/
CDSOAML, or LV.IL-2 AML. In allogeneic AML patient
cultures, the PBMCs and AMLs were from different
patients. In some cases PBMC cultures were re-stimulated
by the addition of 5 x 10 irradiated AML blasts (modified
or unmodified) on day 7. At the end of the stimulation
period, effector cells were washed and tested in functional
assays (Cytotoxicity and ELISPOT assays). Nine autolo-
gous co-cultures were examined in this way; however,
effector cells from three patients did not survive the culture
period in adequate numbers, and hence could not be
included in these assays.

Flow cytometry

FACS analysis of cell surface molecules was carried out on
AML samples (MHCI-PE, MHCII-FITC, CD86-FITC,
CD34-PE, CD54-FITC, and CD80-FITC) and effector cells
(CD3-PE, CD4-PE, CDS8-FITC, and CD56-FITC), all anti-
bodies were obtained from Becton—-Dickinson, Oxford, UK.

Cells were washed and stained with antibody for 30 min at
room temperature, in the dark (matched isotype controls
were included for each sample). Stained cells were washed
twice with HBSS, and resuspended in 300-500 pl HBSS.
Flow cytometric analyses were carried out using a FAC-
Scalibur cytometer (BD Biosciences).

Chromium release assays

Unmodified AML cells were cultured for 3 days (as above)
and washed twice to remove residual growth factors. Cells
were labelled with °>'Chromium (MP Biomedicals) for 1 h
at 37°C, washed twice and seeded in X-VIVO 15 media in
96 well v-bottomed plates at a density of 1 x 10* per well.
Effector cells were washed, resuspended in fresh X-VIVO
media and added at various effector to target ratios. Plates
were incubated for 4 h at 37°C, 5% CO, and then centri-
fuged at 1,200 rpm. 100 pl aliquots of the supernatants
were removed for scintillation counting. The fraction of
cells lysed (% lysis) was calculated in relation to total and
background levels of lysis in each assay. In experiments
using MHC blocking antibodies, anti-HLA-DR,DP,DQ
clone TU39 (BD Biosciences) and anti-HLA-ABC clone
W6/32 (Serotec, Oxford) were added at a concentration of
20 pg/ml for 30 min prior to the addition of effector cells.

IFN-y ELISPOT assays

Effector cells were washed twice and seeded at 2 x 10° per
well into ELISPOT plates coated with IFN-y capture anti-
body as per the manufacturer’s instructions (BD Biosci-
ences, UK). Media alone or target cells at a density of
2 x 10* per well were added to wells. Target cells used
were either unmodified AML cells or remission bone
marrow cells. Plates were incubated for 24 h at 37°C, 5%
CO,. Cells were then removed and the wells washed. IFN-y
spots were visualised according to the manufacturers’
instructions (Becton Dickenson) and counted by
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Fig. 1 Lysis of primary AML blasts by allogeneic effector cells from
a healthy donor, or from three AML patients in remission, after stimu-
lation with modified AML cells. CD3* cells from an unmatched
healthy donor were co-cultured with media alone (unstimulated) or
irradiated AML blasts (unmodified cells, LV.CD80, LVIL-2/CD80,
LV.IL-2) for 2 weeks. Effector cells were then used in cytolytic assays
with unmodified AML cells as targets. a The results with T cells from
one healthy donor and three presentation AML samples at an effector

computer-assisted video image analysis using an AID ELI-
SPOT reader (GmbH, Germany).

Results

Healthy donor or AML patient allogeneic effector cells are
capable of killing unmodified AML cells after stimulation
with IL-2/CD80 expressing AML cells

The capacity of the whole cell vaccine to stimulate lytic
function was initially tested with healthy donor T cells.
CD3* T cells from a single healthy donor were stimulated
in vitro with three different primary AML samples lentivi-
rally transduced to express CD80 and IL-2, either singly or
in combination. After a 2-week culture period, the stimu-
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100: 1 50:1 251  12:1  6:1
effector : target ratio

[ unstimulated
B unmodified AML
O CD80 AML

Il IL-2/CD80 AML
B IL-2 AML

to target ratio of 100:1. b A titration experiment performed with
healthy donor T cells and AML cells from Patient 3 at different effector
to target ratios. ¢ PBMCs from three AML patients were stimulated
with media alone or irradiated AML cells (unmodified, LV.CD80,
LVIL-2/CD80, LV.IL-2) from an unrelated AML patient (Patient 2).
Stimulated effector cells were then used in chromium release assays
against unmodified AML cells from Patient 2 at an effector to target
ratio of 50:1

lated cells were examined for their ability to kill unmodi-
fied AML cells from the same patient in a chromium
release assay (Fig. la, b). Although the percentage lysis
varied from sample to sample, a similar pattern was seen in
each case. The CD3* cells stimulated with unmodified
AML cells showed low lytic activity. In comparison, T
cells stimulated with the modified AML cells showed supe-
rior cytotoxicity at various effector to target ratios (Fig. 1b).
T cells stimulated with IL-2/CD80AML cells elicited
greater lysis (mean 23%) than T cells stimulated with AML
cells expressing either CD80 (mean 14%) or IL-2 alone
(mean 12%).

We next investigated whether effector cells from AML
patients were also capable of killing unmodified allogeneic
AML cells (Fig. 1c). FACS analysis was carried out on
AML patient PBMC samples prior to in vitro stimulation.
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Table 3 Characteristics of

. AML Time of PBMC collection T cell markers: positive
AML patient PBMCs patient by FACS staining (%)
CD8 CD4 CD3 CD56 CD4:CD8 ratio
1 4 months post-chemo, no HSCT 21 24 49 31 1.1
2 No effector cells available - - - - -
3 6 months post-RIC and HSCT 26 16 39 41 0.2
4 3 months post-chemo, no HSCT 28 14 44 29 0.5
5 5 months post-chemo, no HSCT 22 12 37 22 0.55
) ) 6 5 months post-RIC and HSCT 19 13 29 11 0.7
RIC reduced intensity 7 4 months post-RIC and HSCT 24 2 49 27 0.9

chemotherapy

All the patient samples contained CD4*, CD8", and CD56*
cell subsets (Table 3). Accordingly, AML cells from
Patient 2 were used to stimulate PBMCs from three unre-
lated AML patients in remission. After stimulation, the
PBMCs were tested for their ability to kill unmodified
AMLs from Patient 2 (Fig. 1c). Effector cells from two of
the three patient cultures were able to cause lysis of the
unmodified allogeneic AML cells after stimulation with
modified AMLs. As with the healthy donor T cells, IL-2/
CD80 AML cells stimulated a higher lytic response (mean
12%) compared to CD80 (mean 7%) or IL-2 (mean 8%)
alone. Therefore, subsequent studies with autologous cul-
tures were restricted to stimulations with IL-2/CD80 modi-
fied AML cells.

Stimulation of patient PBMCs with autologous IL-2/CD80
AML cells causes MHC-dependent cytolytic activity
against unmodified AML cells

IL-2/CD80AML cells were used to prime patient PBMC
which were subsequently examined for CD3, CD4, CDS,
and CD56 staining and tested for lytic activity against
unmodified autologous AML cells. Figure 2b shows a rep-
resentative example of FACS staining of these cultures
(Patient 3). Extensive phenotyping was not carried out, but
the analysis suggested that CD4, CDS, and NK cells were
present at the end of the culture period. Results of lytic
assays obtained with PBMC from five patients in remission
are shown in Fig. 2a. PBMCs from four of the five patients
tested only caused lysis of unmodified AML cells (ranging
from 5 to 24%) after prior priming with IL-2/CDS8OAML
cells. In one case, PBMCs showed lytic activity after stimu-
lation with media alone (10%) or unmodified cells (9%),
but this was notably enhanced by IL-2/CDS8OAML cells
(18%).

We repeated three of the cytolytic assays to address
whether the killing was by MHC-dependent or MHC-inde-
pendent mechanisms. Antibody-mediated blockade of
MHC molecules on AML target cells partially inhibited the

cytotoxicity of the stimulated PBMC in all three cases
(Fig. 2c¢). The maximum blocking of lysis was seen with
effector cells from Patient 3, with lysis by LV.IL-2/
CDSOAML-stimulated PBMCs being reduced by 64% by
the presence of both blocking antibodies, indicating lysis is
at least partly MHC dependent.

Stimulation of patient PBMC with autologous IL-2/CD80
AML cells increases the number of IFN-y secreting
effector cells

Effector cells from three AML patient cultures were also
examined for IFN-y release in response to unmodified
autologous AML cells in ELISPOT assays. Figure 3 shows
photographs of a representative well from each condition
together with bar charts of triplicate values. A high fre-
quency of IFN-y spots was only detectable in response to
unmodified AML cells after prior stimulation with IL-2/
CD80 AML. In contrast, few spots were detectable with
effectors pre-stimulated with media alone or unmodified
AML cells, correlating with the chromium release assays
shown in Fig. 2. The IL-2/CD80 AML-stimulated effector
cells also showed a strong granzyme B response in ELI-
SPOT assays; however, these wells were unquantifiable due
to the high density of dots (data not shown).

PBMCs from AML patients in remission primed

by IL-2/CD80 AML cells show preferential recognition
of unmodified leukaemic cells compared to normal
haematopoietic cells

To investigate the specificity of the immune response,
PBMC:s isolated from two AML patients in remission were
stimulated with IL-2/CD80 AML cells and subsequently
tested against two different autologous secondary targets:
AML blasts obtained at presentation and remission bone
marrow cells (Fig. 4). In both patients tested, effector cells
primed with IL-2/CD80 AML cells showed a higher fre-
quency of IFN-y secreting cells when the secondary target
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Fig. 2 Cytotoxicity of patient PBMCs primed with autologous LV.IL-
2/CD80 modified AML. PBMCs were obtained from AML patients
in remission and stimulated with irradiated autologous AML cells
(unmodified, LV.IL-2/CD80) or media only. Stimulated effector cells
were analysed for surface markers and tested in cytotoxicity assays

was unmodified AMLs compared to remission bone
marrow.

Discussion

Investigation of immune-mediated lysis of primary AML
cells in vitro is hampered by the fact that the chromium
release assay is not optimal for primary AML cells, as
they often label poorly with the isotope. Therefore, it may
not be possible to detect maximum levels of lysis. We
investigated an alternative FACS-based killing assay [37],
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unstimulated unmodified  1L-2/CD80

AML AML

with unmodified autologous AML cells as targets. a Chromium release
assays from five different AML patients. b The phenotype of the effec-
tor cells from Patient 3 on day 7 as determined by CD4, CDS8, CD56,
and CD3 surface staining. ¢ Three chromium release assays repeated in
the presence of MHC I and MHC II blocking antibodies

but in our hands, primary AML cells labelled poorly with
CFSE. Therefore, despite its limitations, we used chro-
mium release to investigate the killing of unmodified pri-
mary AML cells where possible. However, as many
samples did not label adequately, this factor did reduce
the number of samples available for these assays. Further-
more, effector cells from some AML patients did not sur-
vive in vitro culture. Therefore, only a small study using
samples from a heterogeneous population of AML sam-
ples was possible. These variable in vitro characteristics
of the samples could reflect a biological difference
between patients.
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Fig. 4 IFN-y response of effector cells from patients in remission to
autologous leukaemic or normal haemopoietic cells after priming with
LV.IL-2/CD80 AML cells. PBMCs from two AML patients in remis-
sion, either post-HSCT (Patient 3, a) or in chemotherapy-induced
remission (Patient 7, b) were co-cultured with media only (unstimu-
lated), unmodified AML or IL-2/CDS8OAML cells. After 1 week of

We first examined the ability of primed effector cells to
kill unmodified AML cells in an allogeneic setting. Using
abundantly available, healthy donor T cells we were able to
establish that AML cells modified with LV.IL-2.CD80
were more effective at promoting a cytolytic response than
AML cells expressing either CD80 or IL-2 alone (Fig. 1a).
This is encouraging, since it is well established that AML
cells can impede cell-mediated immunity by a variety of
mechanisms [19, 38, 39]. Since purified CD3" cells were
used for these experiments, it can be concluded that modi-
fied AML cells were directly stimulating effector cells in
the absence of any other APCs. However, results with T
cells from healthy donors are not directly comparable to
those from AML patients, who often exhibit disease-related
and treatment-induced immunosuppression [16]. Both NK
and T cells from AML patients have been reported to show
reduced in vitro effector function [13, 14]. In addition, the
reconstitution of different immune cell subsets in AML
patients who have received myeloablative chemotherapy
progress at different rates, with NK cells appearing first,
followed by CD8* and lastly CD4* cells [40]. We therefore
tested the ability of AML patient PBMCs to lyse unmodi-
fied allogeneic AML cells after stimulation with modified
AML cells. Of the three patient PBMCs tested, two were
able to lyse an unrelated AML sample after priming with
LV.IL-2/CD80-modified AML cells (Fig. 1c). This stimu-
lation of effective killing by AML patient effector cells,
albeit in an allogeneic setting, was highly encouraging. As
before, the combination of CD80 and IL-2 was more effec-
tive than either transgene alone. We therefore limited the
subsequent autologous assays to LV.IL-2/CD80-modified
AML cells compared to unmodified AML cells.

All five patient samples tested showed increased lysis of
autologous AML cells after priming with LV.IL-2/B7 mod-
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co-culture 10° effector cells were incubated for 24 h in IFN-y coated
ELISPOT plates in the presence of no target, unmodified autologous
AML cells or remission bone marrow (BM) cells. AML blasts were
obtained from the original presentation sample, remission bone
marrow cells were obtained during cytogenetic and morphological
remission. Plots show the mean of triplicate wells

ified cells compared to unmodified AMLs or media alone.
Overall levels of lysis were not high (5-24%) but are
encouraging, considering the immune suppression of most
AML patients, the immunosuppressive qualities of AML
cells and AML cell resistance to cell-mediated killing [13,
39, 41]. Our findings are in agreement with reports of T cell
suppression in AML patients due to chemotherapy-induced
cytopenia being reversible in vitro by anti-CD28 and IL-2
mediated stimulation [15].

Due to the availability of limited numbers of PBMCs
from patients in remission, we were unable to purify CD3*
cells in sufficiently large numbers, and hence used unfrac-
tionated PBMC in autologous killing assays. Therefore, the
cross-presentation of AML-derived antigens by profes-
sional APCs is a possibility. However, the use of PBMCs,
rather than purified T cell subsets, is informative since it
reflects the clinical situation, especially as AML patients
can have atypical frequencies of lymphocyte subsets during
immune reconstitution after chemotherapy and HSCT.

FACS analysis of the effector cell populations revealed
CD56"CD3~ populations which could be NK cells capable
of MHC-independent cytotoxicity. However, inclusion of
either MHC I and II blocking antibodies resulted in reduced
cytotoxicity (Fig. 2b). All the AML samples used in this
study were MHC I* MHC II* by FACS analysis (Table 2)
and so could be susceptible to killing by both cytotoxic
CD8" and CD4" T cells.

A potential danger of using a whole cell vaccine contain-
ing antigens present on both leukaemic and non-leukaemic
cells is the generation of systemic allogeneic responses in
transplanted patients, or autoimmunity against normal tis-
sues in non-transplanted patients. Mutis et al. stimulated
donor T cells with CD80-transfected AML cells and ana-
lysed the specificity of the resulting T cell population. They
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reported that the majority of T cell clones showed specific-
ity for mHags HA-1 and HA-2 rather than LAAs [26].

We wished to investigate the specificity of the IL-2/
CDS8OAML-generated response. Remission bone marrow
samples were available for only two patients (one trans-
planted and one non-transplanted) and were used to com-
pare the response of the IL-2/CDS8OAML-stimulated
lymphocytes to a leukaemic and non-leukaemic target cell.
Stimulated PBMCs from both AML patients showed a
greater response to the presentation leukaemic cells than to
the remission bone marrow cells. These higher responses to
the leukaemic target, compared to normal haematopoietic
cells, suggests the generation of an AML-specific response.
Remission bone marrow is an adequate target for these
assays as it is reflective of a potential site of GVHD and
hence is clinically relevant. However, bone marrow con-
tains a mixture of cells with different levels of differentia-
tion. Therefore, our future studies will also compare the
response to normal and leukaemic CD34" cells, which
share an immature phenotype.

Whilst encouraging, the data from this small study
should be interpreted cautiously, since it may not be repre-
sentative for all AML patients. Further experiments will be
required to establish that this effect is reproducible in a
large cohort of AML patients.
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