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Abstract Dendritic cells (DCs) are the most important
antigen presenting cells with potentially useful applications
in cancer immunotherapy. Leukemic cells of patients with
acute myeloid leukemia (AML) could be differentiated to
DC-like cells possessing the ability of stimulating anti-
leukemic immune response. Despite obvious progress in
DC-based immunotherapy, some discrepancies were
reported in differentiation potential of AML blasts from
all patients toward DC like cells. The present study, as a
local experience, was set up to generate DCs from AML
blasts of various subtypes. Leukemic Blasts from 16 Iranian
AML patients were differentiated into functional DCs by
culturing in the presence of thGM-CSF, rhIL-4 and TNF-
alpha for 8 days. The morphology, expression of key
surface molecules and allostimulatory activity of resultant
DCs were compared with primary blasts and cultured but
cytokine untreated control groups. The pattern of angioten-
sin-converting enzyme (ACE) expression was used to
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approve the leukemic origin of generated DCs. Neo-
expression or upregulation of DC-associated markers were
occurred during culturing period in cytokine treated cells
compared with primary blasts and cultured but cytokine
untreated control groups: CDla (63.22% vs. 3.22% and
11.79%), CD83 (41.27% vs. 0.11% and 0.70%), CD40
(15.17% vs. 0.00% and 0.04%), CD80 (49.96 vs. 0.02%
and 0.32%), CD86 (56.49% vs. 0.50% and 5.71%) and
HLA-DR (52.52% vs. 14.32% and 2.49%) respectively.
The potency of generated DCs to induce allogeneic T cell
proliferation increased significantly compared to pre and
post culture control groups (27,533.4+2,548.3, 8,820.4+
1,639.4 and 3,200.35+976 respectively). The expression
pattern of ACE in AML-DCs, blast cells and DCs derived
from normal monocytes (7.93%, 1.28% and 74.97%
respectively) confirmed the leukemic origin of DCs. Our
data confirmed the generation of sufficient AML-derived
cells with the properties of DCs in all cases. This potency
of AML blasts, offers a useful route for active immuno-
therapy of AML patients.

Keywords Dendritic cell - Differentiation -
Immunotherapy - Iranian AML patients - Leukemia

Introduction

Acute myeloid leukemia represents a group of biologically
heterogeneous clonal proliferation of undifferentiated
myeloid precursor cells with diverse clinical and biological
features [1]. Despite recent advances in therapeutic
approaches such as intensive chemotherapy as well as stem
cell transplantation, which have dramatically improved the
treatment outcome for some patients [1, 2], the overall
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survival rate is still low and only 40% to 50% of AML
patients can be cured at best and many do not achieve long-
term remission [3-5]. The presence of drug resistant
residual leukemic cells after intensive chemotherapy is
likely to contribute to relapse and therapeutic failure in
AML patients. Indeed complete remissions of AML can be
induced in most of patients, but relapses occur frequently
[5-9]. Allogeneic bone marrow transplantation (allo-BMT)
from an HLA matched sibling is now a well established
treatment option [10, 11]. The efficacy of allogeneic
transplantation may result partly from an allogeneic
immune mechanism, known as the graft-versus-leukemia
(GVL) effect. Indeed a higher rate of relapse occurs after
syngeneic BMT compared to allo-BMT [12]. T cell
depletion of the graft significantly increases the rate of
leukemic relapse and donor lymphocyte infusion can re-
induce a stable hematologic remission in one fourth of
AML patients with relapsed disease [13]. Unfortunately,
GVL reactivity is frequently accompanied by graft-versus-
host disease (GVHD) which results from the lack of
specificity of these unselected T cells for the leukemic
cells. Therefore, it has been proposed that using cytotoxic T
lymphocytes (CTL) with a relative specificity for the
leukemic cells may have the advantage of maximizing the
anti-leukemia effect whilst minimizing the probability of
GVHD. This encourages the controlling or eradicating
leukemic residual cells to prevent the relapse of disease
[13—16]. However, leukemic cells evade host immune
surveillance through several immunosuppressive mecha-
nisms thus a promising approach is to manipulate the
immune system by tumor antigen bearing antigen-presenting
cells (APCs) that efficiently present tumor antigens to T cells
to generate autologous anti-leukemic responses [17-20].
Native AML blasts, although present antigen in the context
of class I and even class I MHC, but generally are deficient
in the expression of critical co-stimulatory molecules, hence
their ability to induce an effective immune response is
impaired [21-23].

Dendritic cells are the most important APCs of the
immune system that can stimulate quiescent, naive and
memory T cells and play pivotal roles in the induction of
both cell-mediated and humoral immune responses in vivo
[24]. Unlike most tumors, AML blast cells can be induced
to differentiate into DCs as APCs possessing the necessary
properties to induce anti-leukemic cytotoxic activity.
Immunotherapy of AML with DCs in this manner avoids
many difficulties inherent in strategies involving DC
therapy of cancers. Differentiation of blasts to DCs, obviate
the need for the identification of a leukemia-specific
antigen or the extra work to prepare that antigen for pulsing
of DCs. In fact a good common tumor antigen without any
limitation for immunotherapeutic approaches has not been
identified in AML yet [25].
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However, most of the works on DCs in leukemia have been
in patients with CML [26-30], more recently, the generation
of DCs from AML blasts has also been proven successful by
some investigators [31-35]. Although because of some
limitations, this approach is not feasible in all AML cases
and generation of leukemic DCs is reported to be successful
only in about 50-70% of patients [31, 36-40]. Another
limitation is low expression of several key molecules that are
related to adhesion, MHC, and the co-stimulatory pathway
by the leukemic DCs. Recent reports also suggest that
leukemic DCs display several functional defects. The
prolonged culture period required for generation of these
DCs also results in their reduced viabilities [21, 23, 41-43].
Thus, it is necessary to define an optimal condition that can
be used for the generation of DCs from leukemic blasts of
AML patients with a variety of FAB subtypes, peripheral
blood blast counts and clinical histories, which may be
adopted in widespread future clinical applications. In this
study, as a local experience, we tried to set up an optimized
condition for in vitro generation of leukemic DCs from
AML cells of various subtypes.

Materials and Methods
Cell Culture Medium, Cytokines and Antibodies

Liquid RPMI-1640 medium (Gibco, BRL Life Technologies,
Paisley, UK) was supplemented with 10% heat-inactivated
FBS (Gibco, BRL Life Technologies, Paisley, UK), 100 U/ml
penicillin (Sigma, St. Louis, MO, USA), 100 pg/ml of
streptomycin (Sigma, St. Louis, MO, USA), 2 mM L-
glutamine (Sigma, St. Louis, MO, USA), 50 uM 2-
mercaptoethanol (Merck KGaA, Frankfurter, Germany), 1%
NEAA (non-essential amino acid solution) (Sigma, St.
Louis, MO, USA), and 1 mM sodium pyruvate (Sigma, St.
Louis, MO, USA) and used as cell culture medium (this
medium afterwards referred as complete RPMI medium).

Human recombinant GM-CSF (hrGM-CSF), human
recombinant IL-4 (hrll-4) and human recombinant TNF-o
(hrTNF-«) were obtained from R&D Systems, Abingdon,
UK.

The following conjugated mouse anti-human monoclonal
antibodies were prepared from BD PharMigen, CA, USA:
FITC-conjugated antibody specific for CD83 (IgG1, Clone
HB15e), APC conjugated anti-CD14 (IgG2a, Clone M5E2),
FITC-conjugated anti-CDla (IgGl, Clone HI149), RPE-
conjugated anti-CD40 (IgG1, Clone 5C3), FITC-conjugated
anti-CD80 (IgGl, Clone L307.4), RPE-conjugated anti-
CD86 (IgGl, Clone 2331, FUN-1), APC-conjugated anti-
HLA-DR (IgG2a, Clone G46-46, 1.243), FITC-conjugated
anti-CD3 (IgGl, Clone UCHTI1), and their respective
isotype controls. FITC-conjugated antibody specific for
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CD143 (IgGl, Clone i2HS) was prepared from Serotec,
Oxford, UK.

Blood Samples and Blast Preparation

Heparinized peripheral blood samples were collected from
16 AML patients (10 male and 6 females) referred to
oncology centers in Tehran following informed consent.
The patients’ characteristics are shown in Table 1. The
subtypes of AML were determined according to the FAB
classification criteria [44, 45]. Three additional blood
samples were also obtained from healthy volunteers for
generation of normal DCs. The blood cells were separated
on a Ficoll-Hypaque (Lymphoprep, Axis-Shield Oslo,
Norway) density gradient and the mononuclear cell
(MNC) fraction containing the malignant cells was
harvested. This fraction was washed twice (400 and
250 g) to minimize platelets contamination. To increase
the blast enrichment, only patients with blast counts more
than 50% of blood nucleated cells were included in this
study. The separated cells were then resuspended in
complete RPMI medium and seeded in six-well culture
plates (Nunc, Roskilde, Denmark) (12-16x10° cells/well).
We found that whole PBMC containing blasts was
preferred to plastic adherent cells, as starting cell population
for leukemic DC generation, through preliminary experi-
ments using both kinds of cells.

Generation of Mature AML-DCs

AML derived dendritic cells were generated from blasts as
described elsewhere with some modifications [31-35, 38].
Briefly, complete RPMI medium supplemented with
1,000 IU/ml recombinant human IL-4 and 1,000 IU/ml

recombinant human GM-CSF was added to enriched blasts
and the cells were incubated at 37°C and 5% CO,. The
cytokines were refreshed every 3 days. In case of an
overgrown culture, cell culture wells were split and fresh
medium and cytokines were added. On the day 6 of the
culture, the appeared aggregates of immature AML-DCs
were stimulated with 500 IU/ml TNF-« for two other days.
The optimized doses of GM-CSF, IL-4 and TNF-x were
determined through culturing of the cells in mediums
supplemented with graded concentrations of cytokines.
Matured cells were harvested at day 8 for subsequent
experiments. In a cytokine untreated culture setting,
enriched blasts from each patient were cultured in the
absence of any cytokine. These cultures served as controls
for cytokine-treated cells.

Immunophenotyping by Flow Cytometry

To assess the differentiation and maturation of AML-DCs,
the expression of cell surface markers were analyzed using
conjugated monoclonal antibodies specific for CD83,
CD14, CDla, HLA-DR, CD40, CD80 and CD86 and their
respective isotype controls. At the end of culturing period,
the cells were harvested by replacement of culture medium
with 4 ml phosphate-buffered saline (PBS) containing
0.5 mM EDTA. The cells were collected by flushing after
10 min incubation at 37°C and 5% CO, followed by
centrifugation and washing by ice cold FACS buffer (PBS
containing 0.1% NaN3, 5 mM EDTA and 2% FCS). The
cells were then aliquoted at 10° cells per FACS tube
(Falcon 2054, Becton Dickinson, NJ, USA). Normal mouse
serum at a final concentration of 1% was added to each tube
and the tubes were incubated for 30 min on ice. One
microliter of each conjugated mAb was added to the cell's

Table 1 AML patients’
characteristics

w2
(¢}
ksl

Patient no.

Age (years)

FAB subtype Percent blasts Clinical status

26
52
34
23
39
42
40
27

4
34
11
56
45
31
64
63

0 NN kAW =

SEmLZS®
EELPTEETETETITEMEELER

—_
(=)}

M2 78 2nd relapse per BMT

M2 75 Relapse (secondary)

M2 90 Refractory pre BMT

Ml 73 Newly diagnosed (de novo)
M2 68 Relapse (secondary)

M4 60 Newly diagnosed (de novo)
M3 55 Newly diagnosed (de novo)
M3 64 Newly diagnosed (de novo)
Ml 94 Newly diagnosed (de novo)
M3 71 Newly diagnosed (de novo)
M3 59 Newly diagnosed (de novo)
M5 65 2nd relapse

M5 70 Refractory

M4 54 Newly diagnosed (de novo)
M2 56 Refractory

M3 53 Newly diagnosed (de novo)
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pellet after washing and the tubes were incubated on ice in
the dark for 45 min. Cells were then washed and
resuspended in 300-500 upl of FACS buffer and analyzed
immediately or fixed by the addition of 1.0% paraformal-
dehyde. Data acquisition was carried out on a FACS
Calibur flow cytometer (Becton-Dickinson, CA, USA)
and analyzed using CellQueste software. Data were
expressed as percentage of positive cells in comparison to
the cells stained with isotype controls. Purity of T cells was
identified using anti-CD3 monoclonal antibody. We also
used the pattern of angiotensin-converting enzyme (CD143)
expression to approve the leukemic origin of generated
DCs. To really control the differentiation of primary cell
population toward dendritic cell, the phenotypic marker
expression were compared on cytokine treated blasts with
primary blasts and control groups that were cultured in the
absence of supplemented cytokines (cytokine untreated
culture setting).

Morphologic Studies

The morphology of cultured cells was analyzed under an
inverted microscope during the culture period on days 0,
3, 6 and 8. Cytospin slides were also prepared from
some cultures and following fixation with methanol, the
cells were stained with Giemsa and analyzed by light
microscopy.

Proliferation Assay

Allostimulatory capacity of cells in test (day 8 AML-DCs)
and control groups (uncultured fresh AML blasts and
cytokine untreated cultured cells) was compared through
allogeneic mixed leukocyte reaction (MLR). Responder T
cells were prepared from one unrelated healthy and fixed
donor. For this purpose lymphocytes were enriched from
PBMC fraction as non-adherent (floating) cell population
by incubation of cells in six-well culture plates at 37°C and
5% CO, for 2 h followed by gentle swirl and elutriation
with warm RPMI-1640. T cells were more enriched from
non-adherent cells using a sterile nylon wool column.
Enriched T lymphocytes were seeded into 96-well round
bottomed microplates at 1x10° cells/well as responder
cells. Irradiated (3,000 rad) fresh AML blasts (pre culture
control group), cytokine treated cells (AML-DCs) and
cytokine untreated cultured cells (post culture control
group) were added in graded numbers (Stimulator/
Responder ratios: 1:20, 1:10 and 1:5) and co-cultured for
5 days at 37°C and 5% CO,. T cells or stimulator cells alone
were used as background controls. Maximal stimulation of
the T-cell population was also determined by culturing of
T cells with PHA (5 pg/ml); 1 uCi of *H-thymidine
(Amersham Pharmacia Biotech, Buckinghamshire, UK)
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was added to each well for the last 18 h of culture and cell
proliferation was measured through *H-thymidine incorpo-
ration by a liquid scintillation {3-counter (Wallac, Turku,
Finland). All tests were done in triplicate and the results
were expressed as the mean counts per minute (cpm) of
triplicate cultures.

Statistical Analysis

All experiments were repeated with at least six separate
AML samples. The normal distribution of data was
confirmed by the Kolmogorov—Smirnov test, then the
Paired-Samples 7 test was used for statistical analysis of
the differences between experimental groups and the
differences at p values <0.05 were regarded statistically
significant. Our results are presented here as X # SE of the
obtained data from separate experiments.

Results
Cell Counts and Viabilities

Table 2 shows total harvested cell counts after 8 days
culture in the presence or absence of cytokines compared to
the absolute number of cells used to initiate the culture.
Although cell counts and viabilities varied between samples,
proliferation or increase in cell numbers in cytokine treated
cells in comparison to the cells cultured in the absence of
cytokine or number of cells in the beginning of culture was
found only in patients 10, 14-16. Except for case 11, the
viability of cytokine-treated cells was maintained over
84% in all conditions (90.4+1%) but the average of
viability in cytokine untreated culture setting was 78.93+
2.83% (Table 2).

Phenotypic Analysis

AML blasts were differentiated into leukemic DCs by
culturing in a medium supplemented with hrGM-CSF, hrlL-
4 and hrTNF-alpha. To confirm the differentiation of
primary blasts, expression of key surface molecules on
resultant DCs were compared with primary fresh blasts and
cultured but cytokine untreated control groups. For this
purpose, cells from cytokine supplemented group and pre
and post culture control groups were stained with the same
panel of conjugated monoclonal antibodies and the per-
centage of positive cells for each molecule was assessed
using flow cytometric analysis (Figs. 1 and 2). Our results
showed that cytokine treated cells express significantly
higher levels of DC specific markers compared to pre and
post culture control groups (p<0.03 in all cases). Although
the initiating populations of AML peripheral blood cells
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Table 2 Details for cell counts and viabilities related to each sample

Patient no. D0 WBC count DO prepared D8 cultured D8 cultured DO viability® D8 viability D8 viability
per micro liter® PBMC count” count (w ck)° count (wo ck)? (w ck)f (wo ck)®
1 54x10° 16x10° 11.7x10° 10.5x10° 93 90 89
2 45%103 15%10° 10x10° 8x10° 95 90 78
3 43%10° 15%10° 11.8x10° 12x10° 96 9 90
4 12.1x10° 16x10° 10.9%10° 11.1x10° 91 86 84
5 3.54x10° 15x10° 10.2x10° 9x10° 97 84 66
6 10.8x10° 15x10° 11.8x10° 12x10° 96 88 86
7 5.1x10° 15x10° 12.8x10° 13.3x10° 98 96 96
8 3.5%10° 15x10° 10x10° 9.4x10° 95 93 90
9 162.29x10° 15%10° 11x10° 9x10° 99 90 84
10 2.9%10° 4.5%10° 5.2x10° 4.4%10° 99 90 82
11 4x10° 5%10° 2.4x10° 2.5%10° 98 73 61
12 5.9x10° 5%10° 3.8x10° 35%10° 95 86 79
13 13.1x10° 4.5x%10° 4 x10° 2.3%10° 98 90 72
14 23.2x10° 4.5%10° 6.8x10° 3.2x10° 96 92 64
15 6.5x10° 45%x10° 6.3%10° 4.1x10° 95 97 83
16 2.3x10° 45%x10° 5.8x10° 3.6x10° 92 88 59

* Absolute number of patient's WBCs from whom AML cells were collected

® Absolute number of PBMCs used to initialize the culture

¢ Total harvested cell counts after 8 days culture with cytokines

9 Total harvested cell counts after 8 days culture without cytokines
°The viability of fresh patient's PBMCs at day of sample collection
"The viability of cytokine supplemented cells after harvesting on day 8
€ The viability of untreated cultured cells after harvesting on day 8

containing the blasts were heterogeneous but a mature DC
phenotype could be elicited from all samples.

Allostimulatory Capacity of the Cultured Cells
(Proliferation Assay)

To investigate the T cell immunostimulatory capacity of
leukemic DCs, their ability to stimulate allogeneic T cells in
MLR assay was compared with that of the original blasts

and cytokine untreated cultured cells. Firstly the purified T
cells were co-cultured with graded numbers of irradiated
AML blasts or leukemic DCs as stimulator cells to obtain
the best ratio of stimulator to responder cells. Our results
showed that DC like cytokine treated cells are more potent
stimulator of T cells compared to their primary blasts in all
tested ratios of stimulator to responder cells. But the
difference was more evident when a higher ratio of
stimulator cells was used (Fig. 3). Using the 1:5 ratio of
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Fig. 1 Phenotypic expression of DC markers. To confirm the
differentiation of primary blasts to DC like cells, the expression of
key surface molecules was compared on fresh AML blasts and
leukemic DCs derived from AML blasts by culturing in a medium

supplemented with hrGM-CSF, hrIL-4 and hrTNF-alpha. The results
shows flow cytometric analysis of sample 13 as a representative of all
samples. Isotype matched monoclonal antibodies were used as isotype
controls for each cell population separately
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Fig. 2 The phenotypic analysis of cell surface markers. The AML
blasts were treated with a cocktail of cytokines as mentioned in the
text. The day 8 cells (W CK) were harvested and expression of key

stimulator to responder, the potency of T cell stimulation
was tested in all cases. For this purpose the irradiated
primary AML blasts, leukemic DC like cells and cultured
but cytokine untreated blasts were co-cultured with alloge-
neic T cells in MLR assay. T cells alone, stimulator cells
alone and PHA stimulated T cells were also used as
controls. Proliferation of the cells was measured following
5 days incubation, through *H-thymidine incorporation.
Our results showed that leukemic DCs were potent
stimulators of allogeneic T cells whereas freshly uncultured
AML blasts as pre cultured control group and cytokine
untreated cultured cells as post cultured control group had a
much poorer capacity to stimulate the T cells (p=0.01 and
0.02 respectively) (Fig. 4). Nonetheless, T cells were
stimulated to proliferate in response to fresh AML blasts
in a greater extent than in response to cytokine untreated
cultured cells.
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Fig. 3 The effect of stimulator to responder ratio in MLR assay. To
obtain the best ratio of stimulator to responder cells graded numbers of
irradiated primary blasts from AML patients and their respective
leukemic DCs were cultured with fixed number of allogeneic T cells
and T cell proliferation was measured through *H-thymidine incorpo-
ration. The data show the mean£SE of counts per minutes (cpm) of six
separate samples
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surface molecules (percentage of positive cells) were compared with
primary blasts (DO PBMC) and cultured but cytokine untreated cells
(WO CK). The data show the mean+SE of 16 separate experiments

Cytokine Treatments Induced Morphologic Changes
in AML Blasts

Morphological studies showed that cytokine treatment
induced morphologic changes toward typical DC morphol-
ogy. On the day 4 of cytokine supplemented culture, a large
number of cells had ruffle-like membrane structures and a
small number of cells developed dendrite-like projections
on their surface. On the day 8, more cells demonstrated a
dendritic-like appearance with irregular morphology, large
amounts of cytoplasm, increased number of cytoplasmic
projections and many long and fine dendrites (Fig. 5)
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Fig. 4 T cell proliferation assay. The AML derived DCs were cultured
with allogeneic T cells (DC+T) at ratio of 1:5 and their capacity to
induce T cell responses was compared with primary blasts (Blast+T)
and cultured but cytokine untreated blasts (cultured blast+T). T cells
alone (T), all kinds of stimulator cells alone (DC, Blast, cultured Blast)
and PHA stimulated T cells (T+PHA) were used as controls. The
results show the mean+SE of counts per minutes (cpm) of cell
populations (n=16)
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Fig. 5 Morphological characteristics of DCs derived from AML
blasts. Cytokine treatment of AML blast induced morphologic
changes toward typical DC morphology. The figure shows the cells
of three separate samples following 8 days of culturing in the presence
of cytokines with dendritic-like appearance, irregular shapes and many
long and fine dendrites

whereas, freshly isolated blasts displayed a distinct mor-
phology typical of blast cells without any dendrite. After
8 days of culture in the absence of cytokines, the cells still
maintained their blast-like appearance. Interestingly, in
some cases, AML blasts exhibited proliferating cell clusters
of various sizes following cytokine treatments that were
mostly semi-adherent to the plastic surface.

Quantitation of DCs Yield for Evaluation
of Culturing Protocol

The yield and number of leukemic DCs generated in each
culture was difficult to calculate because of several factors,
such as absence of a precise phenotypic marker to define
the DC in human, various morphological changes during
cultures of different leukemic samples, divers allostimula-
tory capacity of resultant cells and finally inconsistency of
the obtained results from morphologic, immunophenotypic
and functional properties in some cases. Regarding the
morphologic yield of cultures, although this feature is
insufficient to define a DC, we named cells DC initially
because of their distinctive morphology and counted the
percentage of them in each culture. Although a typical
dendritic morphology often could be seen throughout the
culture period, even as early as 48 h after cytokine
treatment, but morphologic analysis at the end of culture,
showed in all cases a clear population with a dendritic-like
appearance varying from 50% (case 11) to 95% (case 13)
(mean=75.3%) of the cultured cells.
Immunophenotypically, cells that combined high-level
expression of MHC class II after culture and expression of

at least one of CD86, CD1a and CD83 without expression of
CD14 were defined as leukemic DCs. Thereby based on this
immunophenotypic profile, our yield in leukemic DC genera-
tion was 52.5% (range 33-79%). Although there was no
correlation between morphologic and phenotypic yield in some
cases, but with respect to leukemic nature of primary cells and
biologically heterogeneous blast cells in different AML
patients, our yield as we anticipated, will be more than 63%.
Finally based on T cell stimulating capacity, in all cases
we succeeded to obtain DC like cells with relatively higher
T cell stimulatory potential than primary leukemic blasts.

Derivation of DCs from the Leukemic Blasts

In order to determine whether the cultured DCs were
originated from the malignant clone (blasts), a new
phenotypic analysis based on ACE expression proposed
by Sergei M. Danilov et al. [46] was performed. The mean
percentage of positive cells for ACE molecule in six
separate experiments on fresh and cytokine supplemented
cultured blasts were 1.28+0.56% and 7.93+2.52% respec-
tively (Fig. 6). We also compared ACE expression in DCs
derived from patient’s blasts and DCs derived from normal
monocytes of healthy volunteers. In contrast to AML blast
derived DCs, DCs obtained from monocytes of healthy
donors produced high levels of ACE (74.97+5.47%, n=3).
Thus, the negligible expression of ACE on AML-DCs
proved their leukemic origin.

Discussion

Whilst great advances have been made in the treatment of
AML patients, significant challenges still remain, including
low overall survival rate, drug resistance feature of residual
leukemic cells and the toxicity resulting from commonly
used chemotherapeutic regimens. Although chemotherapy
is capable of inducing disease remission in 60-85% of
AML patients, long-term survival is achieved by less than
40% of individuals and relapses occur frequently. Hence,
there is a great need for the development of novel
therapeutic approaches such as immunotherapy which,
ideally, would target the leukemic cells specifically and
circumvent the present limitations [4]. However, generation
of an efficient autologous immune response against
leukemic cells appears much difficult to build. From a
more general point of view, the major problem of tumor
immunotherapy is the induction of tolerance by cancer
cells. This tolerance appears to be partly mediated via a
defect in antigen presentation. Indeed one of the major
reasons for non-efficient recognition of AML blasts by T
lymphocytes in vivo is that 70% of the blasts do not express
the costimulatory molecules which are necessary for
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Fig. 6 Flow cytometric analysis of surface expression of ACE
(CD143). In order to determine the origin of cultured DCs, the
expression of ACE on primary blasts, leukemic DCs and DCs
originated from normal monocytes were compared using flow

efficient T cell activation [17, 18, 21, 40, 41]. In AML,
blast cells can be differentiated into DCs or DC like cells
with upregulated expression of co-stimulatory molecules
and increased immunogenicity. The major advantage of
such an approach is the fact that all of the putative
leukemia-specific antigens would be presented along with
co-stimulatory signals by the modified AML cells and
therefore the probability of generating specific CTLs would
be maximized. However this strategy is also hampered by
several limitations, including some defects in their func-
tional capacities, low expression of molecules related to
adhesion, MHC, and the co-stimulatory pathway and
excessive mortality of these leukemic DCs. Another
limitation lies in the difficulties associated with the
generation of leukemic DCs in some patients. Therefore,
it is necessary to define the optimized conditions of cultures
in terms of successful leukemic DC generation which may
be used in future clinical applications. In this study, as a
local experience, we tried to optimize the in vitro
generation of DCs from leukemic cells of Iranian AML
patients from various subtypes.

Indeed, we investigated the ability of leukemic blasts to
obtain DC-like characteristics upon culture in the presence
of the most commonly used cytokine combination (GM-
CSF + IL-4 + TNF-x). Our results showed that the cells
from all AML cases can be converted to leukemic DCs in
some extent. In fact in the majority of the AML patients
with a variety of FAB subtypes, peripheral blood blast
counts and clinical histories, we succeeded in generating a
substantial proportion of leukemic cells with typical
morphology, phenotype, and immunostimulatory capacity
of normal DCs. Our findings are consistent with some
previous studies [31-35]. However, based on some other in
vitro studies, it has been reported that only in about 50—
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cytometric analysis. Each cell sample had its own isotype control.
The data are representative of six separate experiments. Figure shows
negligible expression of ACE on leukemic DCs. However normal
monocytes derived DCs express high level of ACE

70% of AML patients, the blasts are successfully capable to
differentiate toward dendritic cells [36, 38, 39].

We identified the optimal conditions for the induction of
potent leukemic DCs from AML blast cells. Comparison
between two different culturing periods (8 and 14 days)
according to the phenotypic assay revealed that although in
some experiments leukemic DCs like cells were apparent as
early as day 2 of culture, the optimal culture duration for
their generation was 8 days (data not shown ). We also
found that the least combination of cytokine is GM-CSF,
IL-4 and TNF-alpha that were effective with most patients.
Although in some experiments we used IL-3 and SCF
together with the above combination, but there was no
significant difference in expression of phenotypic markers
between two groups (data are not shown). Also addition of
cytokines in a fractionated schedule was preferable com-
pared to their addition in the beginning of culture by
measurement of respective cells recovery and viability.
Therefore, because of relatively limited half-life of cyto-
kines, dividing of their total dose into two smaller, equal
doses delivered over the period of culturing is recommended.

It is well established that IL-4, in combination with
GM-CSF, promotes the differentiation of DCs from their
precursors, especially from those of myeloid lineages. The
role of IL-4 is more critical when used to generate DCs
from human peripheral blood monocytes, where most of the
cells do not differentiate into mature DC with GM-CSF
alone. Although suppression of myeloid differentiation
along the macrophage pathway by IL-4 has been reported,
the precise mechanism by which IL-4 promoted the dif-
ferentiation of DCs is not well understood [47]. Although
SCF itself doesn’t induce a DC phenotype, preliminary
experiments had shown that it is necessary for cell
proliferation and viability, especially under serum-free
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conditions [48]. IL-3 can also support DC growth in vitro,
but has been neglected for some years.

Caux C et al. showed that IL-3 in combination with GM-
CSF enhance DC differentiation [49]. Mackensen et al. also
reported that CD34+ cells could be used as a major source
of DCs for immunotherapy when cultured in cytokine
cocktails including SCF, IL-3, IL-6, IL-4, GM-CSF [50].
As the blasts from many AML patients are CD34 positive,
and because of the above findings, we postulated that
addition of SCF and IL-3 to the conventional cytokines,
would have beneficial effects in our differentiation system.
However we didn’t observe any significant difference
following addition of them to the cytokine cocktail.

TNF-« has traditionally been used from the initiation of
the culture or very early in culture period to induce DC
maturation from progenitor cells [51-53]. In our culture
setting, the addition of TNF-« at last 48 h of culture was
sufficient to induce maturation of DCs.

The immunostimulatory capacity of cytokine treated
cultured blasts was much more potent compared to fresh
AML blasts (approximately 2.5 fold) and cytokine untreated
cultured blasts (approximately 12.5 fold) especially at higher
leukemic DC/T cell ratios. Cytokine treated cultured blasts
also expressed higher levels of CD83, CD1a, CD40, CD80,
CD86 and HLA-DR compared to fresh AML blasts and
cytokine untreated cultured blasts. The phenotypic results
presented here are similar to those we previously reported for
the development of DCs from normal monocytes [54]. These
results together with the morphological results confirmed the
competency of AML blasts cultured in a medium supple-
mented with appropriate cytokines to serve as potent APCs.
In our best condition, the yield of leukemic DC generation
based on phenotypic and morphologic criteria was 52%,
75% respectively. However, in all cases we succeeded to
obtain DC like cells with relatively higher T cell stimulatory
potential than primary leukemic blasts.

To show the leukemic origin of dendritic like cells, we
analyzed ACE expression profile. ACE (CD143 or kininase
II), a zinc-metalloprotease with a broad substrate specificity,
is generally known as an important regulator of blood
pressure and fluid and electrolyte homeostasis. The dif-
ferentiation of monocytes to macrophages and DCs is
accompanied by a dramatic increase in its expression. ACE
activity is 50-fold higher in macrophages and 150-fold
higher in DCs than in monocytes. It is reported that normal
DCs express the highest level of ACE per cell among the all
human cells tested. In contrast, DCs derived from AML
blasts fail to up-regulate ACE and do not show an elevated
level of ACE during their DC-type differentiation, although
they acquired DC markers such as CD80, CD40, and CD86
upon cytokine or calcium ionophore treatment. Interestingly,
a lack of ACE up-regulation is noted for cells derived from
patients with various AML subtypes, characterized by

different genetic abnormalities. Therefore ACE expression
can be used as a marker to functionally distinguish DCs
generated from normal monocytes and leukemic blast cells
[46]. In our investigation the leukemic origin of resultant
DCs confirmed based on the negligible expression of ACE
on cultured DCs. However, in contrast to leukemic DCs,
normal monocytes derived DCs expressed high level of
ACE.

In conclusion, the generation of AML-APC by an 8-days
culture method resulted in highly potent, mature leukemic
DCs with T cell stimulatory capacity. Such an approach
could be feasible for vaccination purposes in many AML
patients. Immunotherapy with DCs derived in this manner
avoids the need for the identification of a leukemia-specific
antigen or for the extra work to prepare antigen-pulsed DCs
for clinical protocols. Our results show that the cells from
AML patients from various subtypes can be converted to
some acceptable extent to leukemic DCs that case the
design of future clinical trials.

All together, we demonstrated the feasibility and good
yield of AML-DC generation in Iranian leukemic patients
that is comparable to and consistent with other studies [31—
35, 38] and thereby strongly offer the need of more
extensive investigations and initiation of controlled clinical
studies about safety, feasibility and benefit of AML-DC
vaccine therapy in Iranians patients as a new treatment in
the near future.
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