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Abstract The microenvironment produced by solid
tumors is inhibitory to the immune system, inducing den-
dritic cell (DC) alterations, but there is a paucity of infor-
mation regarding haematological malignances. The aim of
this study was to investigate DC diVerentiation under the
inXuence of leukemic cell products. Monocytes from
healthy volunteers were cultured in the presence of IL-4
and GM-CSF for the generation of immature DCs. Super-
natants from leukemic cultures were added to monocyte
cultures during diVerentiation. The lineages used were
K562, a chronic myeloid leukemia, HL-60, a promyelocytic
leukemia and DAUDI, originated from Burkitt lymphoma.
It was observed that the expression of CD14 remained high
and the CD1a was low in the presence of tumor superna-
tants, while non-malignant supernatants did not aVect these
parameters. Furthermore, IL-1� and TNF-� production by
monocytes during diVerentiation was increased by the pres-
ence of tumor supernatants. The modiWcations on CD14
and CD1a expressions could be mimicked by the addition
of exogenous IL-1� and partially inhibited by the neutral-
ization of IL-1�. These results suggest that soluble products

from leukemic cells interfere with DC diVerentiation and,
in the present work, this eVect could be mediated by mono-
cyte-derived IL-1� in response to tumor supernatants.
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Introduction

The microenvironment surrounding tumor growth presents
paradoxical features. Despite the inWltration of immune
cells and the inXammatory characteristics at the site of the
tumor [1–3], there are evidences that substances released by
tumor cells and inXammatory cells may have immunosup-
pressive activities [4–6]. Furthermore, during tumor growth
and inXammation, the cytokine environment produced by
tumor cells and macrophages may stimulate the release of
other cytokines leading to a complex situation where local
modulation of the response may even favor cancer develop-
ment and progression [7].

There are evidences that prostaglandin 2 (PGE2), inter-
leukin 6 and 10 (IL-6, IL-10) and transforming growth fac-
tor-� (TGF-�) present in many supernatants of tumor cell
cultures may inhibit macrophage cytotoxic activity while
inducing suppressor activity [8]. Moreover, the cytokines
IL-6 and IL-10 are known to suppress human dendritic cell
(DC) diVerentiation [9, 10], whereas PGE2 is important in
the maturation process [11]. DCs are professional antigen-
presenting cells (APCs) involved in the capture and pro-
cessing of antigens and capable of inducing primary
responses of T cells [12]. In humans, DCs represent less
than 1% of circulating cells in peripheral blood [13]. These
cells can originate directly from bone marrow CD34+ cells
or from monocytes [14]. It is possible, in vitro, using a
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combination of cytokines to diVerentiate, to mature and to
study the function of DCs [15].

Using CD34+ cells, the generation of DCs was inhibited
by the serine protease (PSA) produced by prostatic tumors
[16]. Moreover, other solid tumor-derived factors, such as
gangliosides, also contribute to the inhibition of DC diVer-
entiation, as shown by Shurin group [17].

Similarly, the release of cytokines by solid tumors has
been shown to regulate the diVerentiation pathway of mono-
cytes. It has been demonstrated that IL-6 and macrophage
colony-stimulating factor (M-CSF) secreted by renal cell
carcinoma and macrophages inhibit DC diVerentiation while
stimulating macrophage diVerentiation by increasing the
expression of M-CSF receptor on monocytes [18]. Besides,
IL-6 and granulocyte colony-stimulating factor (G-CSF)
exogenous seem to inhibit DC diVerentiation and maturation
[19]. The ability of tumor necrosis factor (TNF-�) to pro-
mote tumor growth has been demonstrated in several stud-
ies. TNF-�, produced by tumor cells or inXammatory cells in
a tumor microenvironment, promotes the survival of tumor
cells through induction of antiapoptotic genes of molecules
dependent on nuclear factor �B (NF-�B). Furthermore,
TNF-� seems to promote angiogenesis and metastasis in
some cancers [20]. Apte and collaborators [21], in 2006,
suggested that interleukin-1� (IL-1�) expressed on the
surface of tumor cells stimulates an antitumour response,
whereas the secreted form, interleukin-1� (IL-1�), derived
from tumor cells or inXammatory cells promotes invasive-
ness and immunosuppression. Conversely, cytokines, such
as TNF-� and IL-1�, are capable of activating immature
DCs [22, 23], although it has been demonstrated that TNF-�
inhibits DC diVerentiation from monocytes [24].

Some studies have proposed mechanisms by which
tumor products interfere with DC diVerentiation. Sombroek
and co-workers [25] showed that primary tumors, including
colon, breast, renal cell carcinoma, and melanoma, nega-
tively modulate DC development from monocytes and DC
activity via cyclooxygenase (COX)-1- and -2-regulated fac-
tors. In addition, Kiertscher et al. demonstrated that CD14+

monocytes responded to tumor culture supernatant (lung,
breast, renal cell carcinomas and melanoma) by increasing
the expression of APC surface markers, up-regulating
nuclear translocation of RelB, and developing allostimula-
tory activity. Although displaying these characteristics of
mature DC, these cells lacked the capacity to produce IL-
12, did not acquire full allostimulatory activity, and rapidly
underwent apoptosis [26]. Furthermore, colon adenocarci-
noma was also shown to aVect the generation of DCs that
become incapable of producing interleukin-12 (IL-12) and
this has been attributed to IL-10 production by tumor cells
and consequently down-regulation of CD40 in DCs [27].

Most studies looking at the inXuence of tumors on the
immune response focused on soluble factors produced by

solid tumors. However, less is known regarding haemato-
logical malignances and this knowledge needs to be
expanded and the mechanisms involved better understood.
Leukemia cell factors are released in an environment where
monocytes are present and may regulate their diVerentia-
tion and function. The aim of this work was to study the
eVect of leukemic cell factors during the process of DC
diVerentiation from human blood monocytes.

Materials and methods

DC diVerentiation

Peripheral blood was obtained from healthy volunteers
using sodium heparin (Roche, Brazil) as an anticoagulant.
Peripheral blood mononuclear cells (PBMC) were isolated
by Ficoll-Paque (GE, USA) density gradient centrifugation.
PBMC were seeded at a concentration of 5 £ 106 cells per
well (1 mL Wnal volume) for 2 h in 24-well plates (TPP,
Switzerland), at 37°C. Afterwards, non-adherent cells were
removed by extensive washing. Adherent cells were cul-
tured in RPMI 1640 (Sigma Chemical Co., USA) supple-
mented with 10% fetal bovine serum (FBS) (500 �L Wnal
volume) with or without 50 ng/mL GM-CSF, 50 ng/mL IL-
4 (PeproTech, USA) and 0.2, 0.8, 3.2, 10 ng/mL IL-1�
(R&D Biosystems, USA), for 5 days. In some experiments,
tumor supernatants were added at the beginning of the cul-
ture and remained throughout the culture period (5 days).

This project has been approved by local Ethical Committee.

Tumor supernatants and lymphocyte supernatants

The cell lines K562 (chronic myeloid leukemia) [28], HL-60
(promyelocytic leukemia) [29] and DAUDI (Burkitt lym-
phoma) [30] cultured in vitro were used to obtain tumor
supernatants. K562 and HL-60 lineages were cultured in
RPMI 1640 supplemented with 10% FBS for 3 days.
DAUDI was cultured in RPMI 1640 supplemented with 20%
FBS for 3 days. Lymphocytes from healthy volunteers were
obtained by Ficoll-Paque density gradient followed by 2 h
adhesion in 24-well plates. The non-adherent cells were cul-
tured in vitro without stimulation for 3 days in RPMI 1640
supplemented with 10% FBS. After this period, supernatants
were collected after centrifugation (200£g for 7 min),
Wltered (0.2 �m Wlters) and added to monocyte cultures. The
volume of supernatants added to monocyte cultures was 25,
50 or 100 �L, respectively, 5, 10 or 20% Wnal volume.

Phenotypical analysis by Xow cytometry

To determine CD14 and CD1a expressions, after DC diVer-
entiation, cells were collected and incubated for 10 min
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with phosphate-buVered saline (PBS) with 5% FBS. Cells
were stained for 30 min at 4°C with FITC-conjugated anti-
CD14 (from BD Biosciences, USA) and PE-conjugated
anti-CD1a (from BD Biosciences, USA or E Bioscience,
USA). After the incubation period, cells were washed with
PBS and analyzed by Xow cytometry (FACSCalibur;
Becton and Dickinson). Data analyses were performed via
the software Summit 4.3.

In some experiments, 3 �g/mL monoclonal anti-IL-1�
(from R&D Biosystems) was added to monocytes in the
Wrst day of culture and in the third day to neutralize IL-1�.

Cytokine production

DCs were diVerentiated in 0.5 mL medium with 10% FBS
with or without tumor supernatants. DC culture superna-
tants were collected and stored at ¡20°C until use. IL-1�,
IL-6, IL-10 and TNF-� concentrations were measured with
enzyme-linked immunosorbent assay (Duo-Set kits pur-
chased from R&D Biosystems) according to the manufac-
turer’s instructions. Optical density was read at 450 nm in a
microplate reader Sunrise Basic (Tecan, Austria).

Statistical analysis

Statistical analyses were performed using paired one-tailed
t test in GraphPad Prim. Values of P · 0.05 were consid-
ered statistically signiWcant.

Results

EVect of K562 supernatants on CD14 
and CD1a expressions

Monocytes express high levels of CD14. When stimulated
with IL-4 and GM-CSF, monocytes diVerentiate into imma-
ture DCs, which lose CD14 expression, but start to express
CD1a [13, 24]. To investigate a possible inXuence of prod-
ucts secreted by K562 lineage on DC diVerentiation, mono-
cytes were cultured with IL-4, GM-CSF, with the addition
of diVerent amounts: 5, 10 and 20% (Wnal culture volume)
of K562 supernatants. After 5 days, CD14 and CD1a
expressions were evaluated.

According to control diVerentiation, approximately 20%
of monocytes cultured with IL-4 and GM-CSF presented
CD14 molecules and 65% of them expressed CD1a mole-
cules (Fig. 1a). The presence of K562 supernatant partially
blocked the loss of CD14 expressions and also the appear-
ance of CD1a (Fig. 1b). This eVect was proportional to the
concentration of supernatant in culture. When cultured in
the presence of 10% Wnal volume of K562 supernatant,
there was 20% increase in the amount of cells that remained

expressing CD14 and not expressing CD1a. This volume of
supernatant was chosen to continue this study.

EVect of K562, HL-60 and DAUDI supernatants 
on CD14 and CD1a expressions

The inXuence of K562 supernatants on DC diVerentiation
was suggested by their eVect on CD14 and CD1a expres-
sions. To investigate if other leukemias had a similar eVect
on DC diVerentiation, two diVerent cell lines were also
studied: HL-60 and DAUDI. Supernatants were added
(10% Wnal volume) to the monocyte culture. After 5 days,
CD14 and CD1a expressions were evaluated.

According to Fig. 2, tumor supernatants signiWcantly
aVected the number of cells expressing CD14 (Fig. 2a)
and CD1a (Fig. 2b). About 20% more cells remained
expressing CD14 and there was a 30% increase of cells
not expressing CD1a in the presence of any tumor super-
natant tested. Using tumor supernatants, there was also an
increase in the amount of CD14 and a decrease in the
amount of CD1a expression by each cell (Xuorescence
intensity).

To investigate the possibility that tumor supernatants
may have aVected monocytes before diVerentiation, mono-
cytes were cultured only in the presence of tumor superna-
tants (K562, HL-60 and DAUDI) for 5 days. The presence
of tumor supernatants promoted a slight increase in the per-
centage of cells expressing CD14 (Fig. 2c). HL-60 superna-
tant also increased the amount of CD14 by each cell
(Xuorescence intensity). CD1a expression was not found in
monocytes cultured only with tumor supernatants (data not
shown).

EVect of lymphocyte supernatants on CD14 and CD1a 
expressions

To investigate if products from normal cells could also
interfere with DC diVerentiation, lymphocyte supernatants
were used as non-malignant cell control. Lymphocytes
were maintained in culture without stimulation for 3 days
and the supernatant was collected after this period. Mono-
cytes were cultured for 5 days in the presence of lympho-
cyte supernatants (10% Wnal volume) and their expression
of CD14 and CD1a evaluated. The presence of lymphocyte
supernatants did not aVect CD14 and CD1a expressions
(data not shown), suggesting that only malignant cell cul-
tures suppress DC diVerentiation.

EVect of K562 supernatants on CD14 and CD1a 
expressions during the diVerentiation

The next step was to study the kinetics of CD14 loss and
CD1a appearance in the presence or absence of K562
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supernatants. To answer this question, monocytes were
stimulated with IL-4, GM-CSF and K562 supernatants
(10% Wnal volume) added at 0 h. The expression of CD14
and CD1a was evaluated thereafter at 24 h intervals.

During the Wrst evaluation (0 h), monocytes were not
stimulated. Therefore, CD14 levels observed at 0 h repre-
sent the expression found in monocytes immediately after
adhesion (Fig. 3a). Subsequent evaluations represented the
period under stimulation with IL-4, GM-CSF and K562
supernatants (Fig. 3).

At 0 h, almost 70% of monocytes expressed CD14
(Fig. 3a) and practically no cells expressed CD1a (Fig. 3c).
After 24 h, monocytes cultured with IL-4 and GM-CSF
remained expressing CD14 with almost no expression of
CD1a. After 48 h, about 50% of cells expressed CD14 and,
at the same time, about 35% of cells expressed CD1a. After
72 h, the percentage of cells expressing CD14 decreased to
30% and the percentage of cells expressing CD1a increased
to almost 50%. This proWle was not signiWcantly aVected in
96 h when compared with 72 h. Finally, at 120 h, about
25% of cells remained expressing CD14 and 60% express-

ing CD1a (Fig. 3a, c). The period between 24 and 72 h was
the most important for the loss of CD14 and appearance of
CD1a.

K562 supernatant aVected CD14 and CD1a expressions
already in the Wrst 24 h of culture (Fig. 3b, d). In the pres-
ence of K562 supernatant, more cells remained expressing
CD14 without CD1a expression at all times studied.

Tumor production of IL-1�, IL-6, IL-10 and TNF-�

The next step was to analyze leukemic cell products present
in tumor supernatants. IL-1�, IL-6 and TNF-� are proin-
Xammatory cytokines produced by some tumor cells and
related with tumor development and progression. IL-10 is
classically characterized as an immunosuppressive and
anti-inXammatory cytokine [20]. In some instances, the
expression of IL-10 by tumor cells is associated with tumor
survival [31]. To clarify if leukemic cells produced some
proinXammatory and anti-inXammatory cytokines, IL-1�,
IL-6, IL-10 and TNF-� were quantiWed in 22 supernatants,
including K562, HL-60 and DAUDI. The cytokines IL-1�,

Fig. 1 CD14 and CD1a expres-
sions by monocytes in the pres-
ence or absence of K562 
supernatants. Monocytes iso-
lated from healthy volunteers 
were incubated with IL-4 and 
GM-CSF, in the presence or 
absence of 5, 10 and 20% Wnal 
volume of K562 supernatant 
(SN K562) for 5 days. After this 
period, CD14 and CD1a expres-
sions were analyzed by Xow 
cytometry. Representative histo-
gram (a) shows CD14 and CD1a 
expressions in a control diVeren-
tiation. Data in bars (b) show 
CD14 and CD1a expressions of 
monocytes cultured in medium 
(white bar), with IL-4 and GM-
CSF (black bar) and in the pres-
ence of SN K562 (gray bars). 
The result shows the 
mean § SEM of at least three 
independent experiments. 
a Compared with monocytes 
without IL-4 and GM-CSF, 
b compared with monocytes 
cultured with IL-4 and GM-CSF. 
*SigniWcantly diVerent 
(P < 0.05), **SigniWcantly 
diVerent (P < 0.01)
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IL-10 and TNF-� were not found in any of the tumor super-
natants tested. IL-6 was found in 5 out of 22 tumor superna-
tants. In these supernatants, the average concentration was
15.5 pg/mL (data not shown).

Monocyte production of TNF-� and IL-1�

In spite of the paucity of some proinXammatory cytokines
produced by leukemic cells, their products could stimulate
the production of these cytokines by monocytes during

diVerentiation. To investigate this hypothesis, monocyte
supernatants were collected after 5 days in culture with or
without IL-4 and GM-CSF and K562 supernatants to quan-
tify TNF-� and IL-1� production.

According to Fig. 4a, monocytes without stimulation
secreted approximately 30 pg/mL of TNF-�. When mono-
cytes were cultured with IL-4 and GM-CSF, TNF-�
production remained comparable to that of control mono-
cytes. When cultured in the presence of K562 supernatant,
monocytes produced about 200 pg/mL of TNF-�.

Fig. 2 CD14 and CD1a expres-
sions by monocytes after induc-
tion of diVerentiation in the 
presence of K562, HL-60 
and DAUDI supernatants. 
Monocytes isolated from healthy 
volunteers were incubated with 
or without IL-4 and GM-CSF in 
the presence of K562, HL-60 
and DAUDI supernatants 
(10% Wnal volume). After 
5 days, CD14 and CD1a expres-
sions were analyzed by Xow 
cytometry. Data show the per-
centage of cells stimulated with 
IL-4 and GM-CSF that express 
CD14 (left) and mean of Xuores-
cence intensity of CD14 (right) 
(a); the percentage of cells stim-
ulated with IL-4 and GM-CSF 
that express CD1a (left) and 
mean of Xuorescence intensity 
of CD1a (right) (b); the percent-
age of cells not stimulated with 
IL-4 and GM-CSF that express 
CD14 (left) and mean of Xuores-
cence intensity of CD14 (right) 
(c). Each symbol per group rep-
resents one individual assessed 
under the diVerent conditions. 
The horizontal lines represent 
the median of at least Wve inde-
pendent experiments. a Com-
pared with monocytes without 
IL-4 and GM-CSF, b compared 
with monocytes cultured with 
IL-4 and GM-CSF. *SigniW-
cantly diVerent (P < 0.05), 
**SigniWcantly diVerent 
(P < 0.01), ***SigniWcantly 
diVerent (P < 0.001)
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IL-1� is a characteristic cytokine produced by mono-
cytes; therefore, quantiWcation of IL-1� production after
diVerentiation is another way to assess DC diVerentiation.
As shown in Fig. 4b, monocytes in culture without stimula-
tion secreted about 300 pg/mL of IL-1�. When stimulated
with IL-4 and GM-CSF, monocytes produced half this
amount compared with control monocytes. The presence of
K562 supernatant increased IL-1� production by mono-
cytes in culture. In this case, IL-1� production by mono-
cytes in culture with IL-4, GM-CSF and K562 supernatants
was equivalent to that observed in monocyte cultures not
stimulated to diVerentiate into DC.

EVect of IL-1� on CD14 and CD1a expressions

Therefore, the next experiment was to analyze the eVect of
IL-1� addition on monocytes incubated with IL-4 and GM-
CSF. Based on the IL-1� production observed, the lowest
concentration of IL-1� used was 0.2 ng/mL and the highest
was 10 ng/mL. As shown in Fig. 4c, the presence of IL-1�
modulated the loss of CD14 and the appearance of CD1a.
This eVect was proportional to the concentration of IL-1�
used. When monocytes induced to diVerentiate were cul-
tured in the presence of 10 ng/mL of IL-1�, around 50% of
cells expressed CD14 and CD1a. This result is signiWcantly

diVerent from the one obtained when monocytes were cul-
tured with IL-4 and GM-CSF only (Fig. 4c).

In order to conWrm the eVect of IL-1� on DC diVerentia-
tion, a neutralizing antibody anti-IL-1� was used during the
diVerentiation process. Monocytes were incubated with IL-4,
GM-CSF, K562 supernatants and anti-IL-1�, which was
added to monocyte cultures, once in the Wrst, or twice in the
Wrst and in the third days. According to Fig. 5, the presence
of anti-IL-1� reversed the eVect observed when monocytes
were stimulated to diVerentiate in the presence of exoge-
nous IL-1�. The inhibition of the eVect produced by IL-1�
was proportional to the amount of anti-IL-1� used. When
monocytes were induced to diVerentiate in the presence of
K562 supernatants, the addition of anti-IL-1� partially
reversed CD14 expression (Fig. 5). However, the addition
of anti-IL-1� was not enough to modify the eVect of K562
supernatants on the CD1a expression on monocytes
(Fig. 5).

According to the analysis of Wve independent experi-
ments, we observed 24.38 and 36.67% reversal on CD14
expression when IL-1� and anti-IL-1� (once and twice,
respectively) were present. In this case, 29.36 and 32.93%
reversal were observed on CD1a expression. When K562
supernatant and anti-IL-1� (once and twice, respectively)
were present, 12.55 and 20.92% reversal on CD14 expression

Fig. 3 CD14 and CD1a expressions by monocytes during diVerentia-
tion in the presence or absence of K562 supernatants. Monocytes iso-
lated from healthy volunteers were incubated with IL-4 and GM-CSF
in the presence or absence of K562 supernatant (SN K562). CD14 and
CD1a expressions were analyzed in 24 h intervals by Xow cytometry.
Data show the percentage of cells expressing CD14 and CD1a in a

control diVerentiation (a, c) and in the presence of SN K562 (b, d). The
result shows the mean § SEM of at least three independent experi-
ments. All comparisons were made with monocytes at 0 h. *SigniW-
cantly diVerent from the control (P < 0.05), **SigniWcantly diVerent
from the control (P < 0.01), ***SigniWcantly diVerent from the control
(P < 0.001)
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were observed, while only 2.17 and 9.45% reversal on
CD1a expression were obtained.

Discussion

In the present study, using a model of DC diVerentiation
from monocytes stimulated by IL-4 and GM-CSF [15], we
investigated parameters of diVerentiation that could be
altered by the presence of leukemic cell products.

In an ideal condition, monocytes diVerentiating into DCs
lose CD14 expression and start to express CD1a. However,
in the present work, it was possible to demonstrate a signiW-
cant alteration of this pattern, suggesting that leukemic
cells secrete one or more products capable of aVecting DC
diVerentiation. Most DC diVerentiation measured by the
dynamical changes on CD14 and CD1a expressions
occurred between 24 and 72 h and these two events are

apparently unrelated. After 24 h in culture with IL-4 and
GM-CSF, small changes in CD14 and CD1a expressions
were observed. However, in the same time interval, the
presence of K562 supernatants modiWed the expression of
these molecules. It seems that leukemic cell products act on
monocytes preventing, at least in part, their diVerentiation
into DCs. Furthermore, leukemic cell products could have a
direct eVect on monocytes as seen by induction of a small
increase on CD14 expression by these cells.

The importance of DCs during immune responses
against tumors was shown by Hillenbrand and collaborators
[32] who correlated the presence of a consistent number of
tumor inWltrating CD1a+ DCs with better prognosis.
Furthermore, monocyte-derived CD1a+ DCs undergoing
activation have been reported to induce apoptosis, as well
as cell-cycle arrest, of breast cancer cells through the secre-
tion of soluble factors [33]. In the present study, leukemic
cell products inhibited the gain of CD1a molecules in

Fig. 4 TNF-� and IL-1� production by monocytes in the presence of
K562 supernatants and CD14 and CD1a expressions by monocytes in
the presence of IL-1�. Monocytes isolated from healthy volunteers
were incubated with IL-4 and GM-CSF in the presence of K562 super-
natant (SN K562). After 5 days, the supernatant of monocytes culture
was removed and TNF-� and IL-1� secretion quantiWed by ELISA
assay. Data in a show TNF-� production. Data in b show IL-1� pro-
duction. Monocytes were also incubated with IL-4, GM-CSF and
diVerent concentrations of IL-1� (0.2, 0.8, 3.2, 10 ng/mL). After

5 days, CD14 and CD1a were analyzed by Xow cytometry. Data in c
show the percentage of cells expressing CD14 (left) and CD1a (right).
At least four independent experiments are represented. Each symbol
per group represents one individual assessed under the diVerent condi-
tions (a, b). The median is represented by central horizontal lines (c).
a Compared with monocytes without IL-4 and GM-CSF, b compared
with monocytes cultured with IL-4 and GM-CSF. *SigniWcantly diVer-
ent (P < 0.05), **SigniWcantly diVerent (P < 0.01), ***SigniWcantly
diVerent (P < 0.001)
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monocytes-derived DC. If CD1a+ DCs are more eVective in
combating tumor cells, the inhibition of CD1a expression
appears to be very important for tumor development.

The tumor microenvironment is rich in cytokines and
factors that do not favor DC development and function,
such as vascular endothelial growth (VEGF), IL-6, M-CSF,
TGF-�, IL-10, COX-2, PGE2 and gangliosides [7–10, 17–
19, 25, 34].

DiVerently from some solid tumors, leukemic cells did
not produce IL-6 in large amounts. Moreover, IL-1�, IL-10
and TNF-� were not found in any of the supernatants

tested, indicating that leukemic cells did not secrete these
cytokines, at least in considerable amounts. Thus, this was
not the mechanism used by leukemic cells to aVect DC
diVerentiation. On the other hand, leukemic cell products
stimulated TNF-� and IL-1� production by monocytes
induced to diVerentiate into DCs.

It has been demonstrated that TNF-� when incubated at
the initial stage of monocyte diVerentiation prevents DC
generation [24]. The concentration of TNF-� capable of
modulating the generation of DCs was of the order of
10 ng/mL [24] higher than that induced by leukemic cell
products in the present study.

Less is known regarding the eVect of IL-1� during DC
diVerentiation. Monocytes are capable of high IL-1� pro-
duction and decrease this secretion when diVerentiate into
DC. In the present study, when diVerentiation was stimu-
lated in the presence of K562 supernatants, IL-1� levels
remained comparable to those produced by monocytes.
Moreover, IL-1� addition to monocyte cultures under
diVerentiation partially prevented the loss of CD14 and the
appearance of CD1a molecules. Thus, IL-1� aVected DC
diVerentiation, similar to leukemic cell products, suggest-
ing this might be the underlying mechanism of the present
study. However, the neutralization of IL-1� on such cul-
tures was more eVective in promoting the loss of CD14
than the appearance of CD1a, suggesting that IL-1� has an
important role on CD14 expression.

It seems, therefore, that IL-1� is one of the factors
induced by leukemic cells but not the only one. In this case,
neutralizing just one factor might be insuYcient to com-
pletely reverse the inhibitory eVect of the microenviron-
ment on DCs.

On the other hand, if the secreted form, IL-1�, stimulates
and promotes tumor invasiveness and immunosuppression
[21], this provides an advantage for tumor survival and pro-
gression and it must be one of the mechanisms for tumor
escape.

Finally, the impairment of monocytes diVerentiation into
DCs appears to be mediated by a number of tumor cell
products, and in the present work, by soluble factors,
mainly IL-1�, secreted by monocytes in response to leuke-
mic cell products. The inhibition of DC development may
be a way to ensure tumor cell survival, as the immune
response becomes compromised. The development of ther-
apies that aim to strengthen the immune system depends on
DC function. Therefore, it is important to understand DC
mechanisms of diVerentiation, maturation and regulation.
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Fig. 5 CD14 and CD1a expressions by monocytes after induction of
diVerentiation in the presence of neutralizing anti-IL-1�. Monocytes
isolated from healthy volunteers were incubated with IL-4 and GM-
CSF in the presence of K562 supernatant (SN K562), exogenous IL-�
(10 ng/mL) and neutralizing anti-IL-1� (3 �g/mL). The neutralizing
antibody was added to the monocytes in the Wrst day or in the Wrst and
in the third days (2£) of culture. After 5 days, CD14 and CD1a
expressions were analyzed by Xow cytometry. Representative histo-
gram (from 5 independent experiments) shows the percentage of cells
that express CD14 and CD1a molecules
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