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Abstract
Several myeloid leukemia-derived cells have been  
reported to possess the ability to differentiate into  
dendritic cells (DC). MUTZ-3, a myeloid leukemia cell 
line, responds to GM-CSF, IL-4 and TNF-α, and  
acquires a phenotype similar to immature mono-
cyte-derived DC (MoDC). In the present study, 
MUTZ-3-derived DC (MuDC) showed high level 
expression of HLA class II molecules, CD80 and  
CD86, and were able to function as potent antigen  
presenting cells as previously reported. Interes -
tingly, MuDC maturation was induced by CD40- 
mediated stimulation, but not by LPS stimulation. We 
analyzed CCR1, CCR7 and Toll-like receptor (TLR) 
expressions in MuDC, and measured IL-10 and IL-12  
production after maturation stimuli. Although MuDC  
expressed the mRNA for TLR4, a major component 
of the LPS receptor system, they did not show an  
enhanced level of CCR7 or cytokine production after 
LPS stimulation. In contrast, they responded to CD40  

stimulation, which resulted in increased levels of 
CD83, CD86 and CCR7. Moreover, while LPS- 
stimulated MoDC could potently stimulate NK cells  
in a DC-NK cell co-culture, LPS-stimulated MuDC  
failed to stimulate primary NK cells. Taken together, 
our findings suggest that, although MuDC express 
TLR4, unlike TNF-α and IL-1β, LPS does not stimulate  
MuDC to acquire mature phenotypes, and they may  
have impaired activity to initiate innate immune 
response.

Keywords: antigens, CD40; cell differentiation; den-
dritic cells; killer cells, natural; lipopolysaccharides; 
Toll-like receptors

Introduction
Dendritic cells (DC) are professional APC, derived 
from hematopoietic progenitor cells, and play a 
central role in the initiation of the immune response 
to pathogens (Banchereau et al., 2000). APC ex-
press pattern recognition molecules that are thought 
to recognize foreign ligands during the early phases 
of immune responses (Rescigno and Borrow, 2001). 
The best known of these are probably the Toll-like 
receptors (TLRs).
    Eleven TLR have been identified in mammals up 
to date and the agonists for most of them have been 
characterized (Re and Strominger, 2004; Zhang et 
al., 2004). All are type I integral membrane receptors 
with extracellular leucine rich regions and intra-
cellular portions that are homologous to the signaling 
domain of IL-1R. Gene knockout studies in mice 
indicate that TLR4 is required for LPS responsive-
ness (Poltorak et al., 1998; Hoshino et al., 1999). 
The extracellular domain of human TLR4 associates 
with a second protein, MD2, which is required for 
optimal LPS-induced signaling (Shimazu et al., 
1999). The intracellular domain of TLR4 associates 
with myeloid differentiation 88 (MyD88), which is an 
adaptor protein containing a TIR (Toll/interleukin-1 
receptor) domain (Fitzgerald et al., 2001). Another 
adaptor, TIRAP (also known as MAL), especially 
associates with TLR4, and thus may be responsible 
for MyD88-independent response (Horng et al., 2001). 
Human TLR2 and TLR4 recruit and activate IL-1 
receptor-associated kinase (IRAK) in response to a 
variety of pathogen-associated molecular patterns 
(PAMPs), including the gram-negative bacterial toxin, 
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LPS, which results in the downstream activations of 
NF- B and c-Jun NH2-terminal kinase, and in the 
secretions of IL-8 and IL-12 (Suzuki et al., 2002).
    Much of what is known concerning DC maturation 
has been learned from primary DC cultures, cells 
differentiated upon being treated with GM-CSF and 
IL-4 either from nongrowing human blood mono-
cytes or from proliferating bone marrow-derived pre-
cursors. A human cell line exhibiting the charac-
teristics of CD34+ cell-derived DC precursors would 
allow the detailed study of DC differentiation without 
the associated problems of donor variability and DC 
precursor cell availability. It was recently reported 
that MUTZ-3, a cell line derived from myeloid leuke-
mia, acquires a cytokine-induced interstitial and 
immature DC phenotype (Masterson et al., 2002). 
However, little information is available concerning 
the responses of primary leukemia- or leukemia cell 
line-derived DC to maturation-inducing stimuli.
    In this study, we demonstrate that MUTZ-3- 
derived DC (MuDC) acquire a cytokine-induced iDC 
phenotype but they have a defective LPS re-
sponsiveness. Unlike LPS response, TNF- -medi-
ated maturation was functional, in terms of the 
enhancement of costimulatory molecules and the 
activation of p38 MAPK. In addition, while MoDC 
could stimulate NK cells in the presence of LPS, 
MuDC could not enhance NK cell activities. The 
interaction between MoDC and NK cells plays an 
important role in the initiation of innate immune 
response. Thus, our data suggest that myeloid 
leukemia-derived DC may have impaired activity to 
initiate innate immune response.

Materials and Methods 
Reagents used for cell culture, antibiotics,
and cytokines
All cultures were performed in RPMI 1640 (Sigma, 
St. Louis, MO) or -MEM (Gibco, Grand Island, NY) 
supplemented with 10% FBS (Gibco). The cytokines 
used in the cultures were GM-CSF (LG Biotech, 
Iksan, South Korea), IL-4 (Pierce Endogen, Woburn, 
MA), SCF (R&D Systems, Minneapolis, MN), and 
TNF-  (PeproTech Inc., Rocky Hill, NJ). The flow 
cytometric analysis used to determine antigen 
expression of DC was performed using FITC- or 
PE-conjugated monoclonal antibodies against the 
following markers: HLA-DR, CD1a, CD11c, CD14, 
CD80, CD83, CD86, and CD123 (PharMingen. San 
Diego, CA). Mouse monoclonal antibody against 
human TLR4 was purchased from Santa Cruz 
Biotechnology (Santa Cruz, CA). Goat F(ab’)2 anti- 
mouse IgG-FITC conjugate (Biosource, Camarillo, 
CA) was used to detect anti-TLR4 antibody. Mouse 

immunoglobulin G1-FITC/PE isotype control (Phar-
Mingen) was used as an isotype control. LPS (E. coli 
0127:B8) and IL-1  were purchased from Sigma and 
R&D Systems, respectively, and agonistic anti-CD40 
antibody (G28.5; HB-9110, ATCC, Rockville, MD) 
was an affinity-purified form obtained from the 
ascites of immunized mice.

Generation of MUTZ-3-derived dendritic cells (MuDC) 
and monocyte-derived dendritic cells (MoDC)
The cytokine-dependent human cell line MUTZ-3 
(Deutsche Sammlung von Mikroorganismen und 
Zellkulturen, Braunschweig, Germany) was main-
tained at 5 × 105/ml in 12-well tissue plates (Costar, 
Cambridge, MA) in -MEM supplemented with SCF 
(10 ng/ml). For MuDC generation the cells were 
cultured at 2 × 105/ml in 12-well tissue plates in the 
presence of GM-CSF (200 ng/ml), IL-4 (10 ng/ml), 
and TNF-  (2.5 ng/ml) for 7 d. For MoDC generation 
the method described by Sallusto et al. (Sallusto and 
Lanzavecchia, 1994) was slightly modified. Briefly, 
PBMC (peripheral blood mononuclear cells) from 
healthy donors were isolated by density centri-
fugation on Histopaque 1077 (Sigma), and ery-
throcytes were then lysed. Cells were harvested and 
resuspended in RPMI 1640 medium supplemented 
with L-glutamine (2 mM), penicillin (100 U/ml), 
streptomycin (100 g/ml), HEPES (10 mM), and 
10% heat-inactivated FBS. Plastic adherent cells (2 
h, 37oC) were cultured overnight, and nonadherent 
cells were removed. The cells were usually har-
vested after culturing for 6-7 d, and used for assay. 
CD34+ cell-derived DC were generated as previously 
described (Choi et al., 2003). Briefly, CD34+ pro-
genitor cells (2 × 106 cells/2 ml) isolated from cord 
blood were cultured in RPMI 1640 containing 10% 
FBS in the presence of recombinant human (rh) 
GM-CSF (200 ng/ml), rhTNF-  (2.5 ng/ml) and 
rhSCF (20 ng/ml) until day 5. Afterwards, SCF was 
replaced by IL-4 (20 ng/ml) and cells were further 
cultured for 7-9 d. After 12-14 d of culture, DC were 
harvested, and used in this study.

Flow cytometric analysis
DC generated in vitro were subjected to flow 
cytometric analysis using FACSCalibur and Cell 
Quest software (Becton Dickinson, Mountain View, 
CA). The cells were incubated with various con-
jugated mAbs on ice for 30 min. FITC and PE were 
simultaneously measured using 530 nm and 575 nm 
filters, in logarithmic mode.

Determination of allogeneic T-cell proliferation
The allostimulatory capacity of DC that had been 
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-irradiated (3000 rad; Co60) prior to co-culture was 
tested in an one-way MLR using allogeneic T lym-
phocytes (5 × 104 cells/well) at various stimula-
tor/responder cell ratios in triplicates in 96-well 
U-bottom plates (Corning Glassware, Corning, NY). 
[3H]-TdR (NEN-DuPont, Boston, MA) was added to 
each well for the final 16 h of the 5-day assay. 
Cell-associated radioactivity was determined by 
direct  counting using a liquid scintillation counter 
(LS6000LL, Beckman, Palo Alto, CA), and results 
were expressed as the means of triplicate assays.

Cytokine detection
IL-10, IL-12, and IFN-  assays were carried out 
using commercially available cytokine detection kits 
(Pierce Endogen) according to the manufacturer’s 
instructions. MoDC or MuDC (5 × 105/ml) were 
incubated in the presence of LPS or anti-CD40 mAb 
for 24 h. In other experiments, fresh NK cells and 
MuDC or MoDC were co-cultured in the absence or 
presence of LPS for 24 h. Supernatants were 
collected and the cytokines were quantified using an 
Emax precision microplate reader (Molecular 
Devices, Sunnyvale, CA).

Reverse transcriptase (RT)-PCR
CCR and TLR mRNAs were quantified in MuDC and 
MoDC by RT-PCR. Total RNAs from MuDC or 
MoDC were isolated using the guanidinium method. 
First-strand cDNAs were synthesized using a 
ProSTAR First-Strand RT-PCR kit (Stratagene, La 
Jolla, CA). The cDNA was amplified using a PCR 
premix, Sapphire (Super-Bio, Suwon, South Korea). 
The predenaturing condition was 5 min at 94oC and 
an additional 30 s at 94oC. Annealing was carried 
out for 30 s at 60oC, followed by 30 s at 72oC. Thirty 
cycles of PCR were performed and this was 
terminated with a final extension for 10 min at 72oC. 
The sequences of the primers used were as follows: 
CCR1; sense 5'-TCCTCACGAAAGCCTACGAGA-
GTGGAAGC-3', antisense 5'-CCACGGAGAGGAA-
GGGGAGCCATTTAAC-3', CCR7; sense 5'-GATTA-
CATCGGAGACAACAAC-3', antisense 5'-TAGTCC-
AGGCAGAAGAGTCG-3', TLR1; sense 5'-GGAGA-
GACTTATGGGGAA-3', antisense 5'-CCAATTGTTG-
CAGAGACTT-3', TLR2; sense 5'-GGCTGCATATTC-
CAAGGT-3', antisense 5'-CCGCTCACTGTAAGAA-
AC-3', TLR3; sense 5'-TCTGAGTAACAGCCAGCT- 
3', antisense 5'- ATTCCTGGCCTGTGAGTT-3', TLR 
4; sense 5'-CTGGTGAGTGTGACTATTG-3', anti-
sense 5'-ACCGACACACCAATGATG-3', TLR7; sen-
se 5'-CCCTACTGTTTTGCCATC-3', antisense 5'-T-
GACAGATTCAGGCATTTG-3', TLR9; sense 5'-ATC-
GTCAAACTGGCGCCT-3', antisense 5'-TCCGACA-
GGTCCACGTA-3', TLR10; sense, 5'-GGCAGGTCA-

CAGGTATTT-3', antisense 5'-AGTTCTCGTAAGGC-
CATC-3'. 

Western blotting
Immature MuDC were washed twice and incubated 
in serum free medium (Sigma) overnight at 37oC. 
Cells were stimulated with LPS (1 g/ml), TNF-  
(200 ng/ml) or IL-1  (20 ng/ml), and incubated for 
indicated times. Cells were harvested and washed 
once with cold PBS, and pellets were resuspended 
in RIPA buffer and stood on ice for 1 h. After 
centrifugation the supernatants were saved. Proteins 
of 40 g were separated by SDS/PAGE and blotted 
onto PVDF membranes (Hybond-P. Amersham 
Pharmacia Biotech, Bucks, UK). Membranes were 
blocked with 4% (w/v) skim milk (Difco Laboratories, 
Detroit, MI) in PBS for 1 h at room temperature and 
then incubated overnight with primary antibody at 
4oC. Antibodies to phospho- and total p38, and 
phospho- and total ERK were purchased from Cell 
Signaling Technology (Beverly, MA). Anti-rabbit IgG 
(H&L)-HRP was purchased from Cell Signaling 
Technology. Detection was performed by enhanced 
chemiluminescence (ECL; Amersham Pharmacia 
Biotech).

NK-DC co-culture  
Purified allogeneic NK cells were obtained by using 
a human NK cell isolation kit (Miltenyi Biotec, 
Bergisch Gladbach, Germany). Resting NK cells 
expressing CD56 (＞ 95%) were usually added to 
MuDC or MoDC at a ratio 1:1 and co-cultured in 
RPMI 1640 medium for 24 h in the presence or 
absence of LPS. Prior to co-culture, MuDC or MoDC 
were removed from their differentiation media by 
washing with RPMI 1640 medium.

51Cr release assay
To evaluate the cytolytic activities of NK cells, we 
used K562 cells as target cells. K562 cell line (1 ×
106) was incubated with 100 Ci of Na2

51CrO4 
(NEN-DuPont) for 60 min at 37oC and then 
extensively washed. Total 1 × 104 cells in 100 l of 
complete culture medium were distributed into each 
well, in triplicate, of a U-bottomed 96-well microtiter 
plate. After incubation with NK cells for 4 h, 100 l of 
supernatant was collected, and the 51Cr release was 
counted in a gamma counter (Wallac, Gaithersburg, 
MD). The specific lysis percentage was calculated 
as follows: 100 × [(cpm of test sample - cpm of 
spontaneous lysis) / (cpm of maximum control -
cpm of spontaneous lysis)], where cpm denotes 
counts per minute.
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Results
MUTZ-3, in the presence of the cytokine combination, 
differentiates into DC that have a phenotype similar 
to monocyte-derived DC
We cultured MUTZ-3 in a medium, which included 
granulocyte macrophage-colony-stimulating factor 
(GM-CSF), interleukin 4 (IL-4), and tumor necrosis 
factor alpha (TNF- ), cytokines known to be pivotal 
in vivo and in vitro for DC generation from 

monocytes or CD34+ stem cells. As assessed by 
FACS analysis, MUTZ-3 cells cultured for 7 d in the 
presence of cytokine cocktails developed into 
irregularly shaped-DC (see below), as characterized 
by the acquisition of CD1a, CD11c, CD40 and CD80 
antigens, and showed elevated MHC Class I, Class 
II and CD86 antigen expressions on the cell surface 
(Figure 1). Compared to MUTZ-3 cell line, MUTZ- 
3-derived DC (MuDC) showed a slightly enhanced 
phagocytic activity and reduced expression of IL-3 

Figure 1. MUTZ-3-derived DC (MuDC) show characteristics of immature DC. Phenotype of surface antigen expression on unstimulated MUTZ-3 cells 
and MuDC. MUTZ-3 cells were cultured in a 12-well tissue culture plate in the presence of GM-CSF, IL-4 and a low-dose TNF-  for 7 d, as described in 
Materials and Methods. Cells were stained with PE- or FITC-labeled antigen-specific mAbs. Surface antigen expression was measured using a flow cy-
tometer and analyzed with WinMDI 2.8 (The Scripps Research Institute). Data are from a representative experiment of three independent assays. 
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receptor protein, CD123. To check the ability of 
MuDC to activate allogeneic T cells, parent cells or 
MuDC were treated with purified allogeneic T cells 
for 5 d and analyzed for T cell proliferation. As 
expected, while parent cells were poor stimulators of 
primary allogeneic T cell responses, MuDC induced 
significantly increased T cell proliferation in two sets 
of experiments, showing a stimulatory activity com-
parable to that of differentiated MoDC (Figure 2A). 
However, when MuDC were stimulated with LPS for 
24 h before being co-cultured with T cells, the T cell 
proliferative response was not significantly increased 
by LPS treatment. In contrast, LPS treatment of 
MoDC enhanced allostimulatory effect of DC (Figure 

2B). Taken together, these results demonstrate that 
although MUTZ-3 leukemia cells are induced to 
differentiate into MuDC, which show enhanced 
allostimulatory activity, MuDC treated with LPS do 
not produce higher levels of allogeneic T cell 
stimulation than non-treated MuDC.

Induction of distinct MuDC maturation by TNF-α, 
CD40 or LPS stimulation
Proinflammatory cytokines such as TNF-  and IL-1  
also trigger maturation, as does LPS or the ligation 
of CD40, a TNF receptor family member abundant 
on DC. Thus, we determined the response of MuDC 

Figure 2. Enhancement of allogeneic T cell proliferation by co-culturing them with MuDC or MoDC. (A) Allogeneic T cells (5 × 104) were incubated with 
various numbers of irradiated (3000 rad) MUTZ-3 cells, MuDC, or MoDC. Immature MuDC were stimulated with LPS (1 g/ml) for 24 h and then co-cul-
tured with allogeneic T cells. The proliferation of T cells was determined in triplicate after 5 d by pulsing with 1 Ci of [3H]thymidine for the last 18 h and 
counting with a liquid scintillation counter. (B) MoDC were cultured with allogeneic T cells, with or without LPS pre-treatment. T cell proliferation was de-
termined as described in (A).
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Figure 3. LPS stimulation of MuDC does not induce the surface antigen expression of the mature phenotype. (A) MuDC were stimulated with ago-
nistic anti-CD40 Ab (G28.5) (1 g/ml), of TNF-  (200 ng/ml), or LPS (1 g/ml) for 24 h. Cells were harvested and stained with PE- or FITC-la-
beled antigen-specific mAbs and antigen expression was measured using a flow cytometer. Shaded histograms show results obtained using irrel-
evant isotype-matched fluorescence-labeled Ig. (B) LPS stimulation of monocyte- or CD34-positive cord blood-derived DC induced CD83 
expression. Cells were stained with PE-labeled CD83-specific mAb (dotted line). The shaded histogram indicates unstained cells and the open 
histogram represents cells stained with isotype control antibody. (C) Expression of CCR1 or CCR7 mRNA in stimulated MuDC or MoDC. Cells 
were stimulated with anti-CD40 antibody (1 g/ml), TNF-  (200 ng/ml) or LPS (1 g/ml) and total RNAs were isolated from control or stimulated 
cells. cDNAs were synthesized and amplified as described in Materials and Methods. An aliquot of the reaction products obtained was electro-
phoresed on an ethidium bromide-stained 1.5% agarose gel. The figure is representative of three independent experiments. 



78　 Exp. Mol. Med. Vol. 38(1), 72-84, 2006

to TNF- , CD40 or LPS stimulation. As shown in 
Figure 3A, TNF-  (200 ng/ml) treatment for 24 h 
upregulated the expressions of CD80 and CD86 and 
induced CD83 expression. The stimulation of MuDC 
with anti-CD40 mAb also induced the upregulation of 
the costimulatory antigens and the neoexpression of 
CD83. In contrast, LPS did not induce changes in 
these antigen expressions on MuDC. The MUTZ-3 
cell line did not respond to these kinds of stimulation, 
showing no changes in cell surface antigen ex-
pression (data not shown). To determine whether the 
lack of stimulation by LPS is due to a defect of LPS 
itself, MoDC and CD34+ cell-derived DC were 
stimulated with LPS for 24 h. LPS was found to 
promote the maturation of MoDC and CD34+ 
cell-derived DC, as confirmed by the induction of 
CD83 expression (Figure 3B), indicating LPS is 
functional in this context. We next tested whether 
resistance to the maturation-inducing effect of LPS 
in MuDC is repeated in chemokine receptor expre-
ssion on cell surface of MuDC. The expression of 
CCR7 in MuDC, as determined by RT-PCR, was 
significantly induced by treatment with anti-CD40 
mAb or TNF- , but not with LPS (Figure 3C). The 
level of CCR1 expression in control MuDC was low, 
and thus the down-regulation of CCR1 expression 

by stimuli was less clear. In the case of MoDC, 
stimulation with anti-CD40 mAb, TNF- , or LPS 
induced the upregulation of CCR7. Together these 
results indicate that the maturation program, which 
follows CD40 or TNF-  stimulation, is operating in 
MuDC, but that after LPS exposure is defective.

Cytokine production after the stimulation of MuDC  
by LPS or CD40 ligation
In an attempt to verify cytokine production in 
stimulated MuDC, we investigated whether the pro-
duction of IL-12 or IL-10 is triggered by LPS 
stimulation or CD40 ligation. As shown in Figure 4, 
MoDC before exposure to LPS were not able to 
produce IL-12 and IL-10, whereas after LPS 
exposure they produced high levels of IL-12 and 
IL-10. CD40 stimulation also resulted in a significant 
amount of IL-12 production in MoDC, as detected by 
ELISA using the supernatant from cultured cells 
(Figure 4B). However, IL-10 production was not 
detected after CD40 stimulation of MoDC (Figure 
4C). By contrast, although CD40, but not LPS, 
stimulation of MuDC induced formation of cell cluster 
representing maturation phenotype (Figure 4A), LPS 
or CD40 stimulation of MuDC for 24 h did not lead to 

Figure 4. LPS do not induce cytokine production in MuDC. (A) After 7 d of culture to induce differentiation, MuDC and MoDC were washed twice and 
stimulated with LPS (1 g/ml) or agonistic anti-CD40 Ab (1 g/ml) for 24 h. (B, C) Culture supernatants were collected and IL-12 p70 or IL-10 production 
induced by unstimulated or stimulated DC was measured by ELISA.
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the production of IL-12 or IL-10, again indicating that 
LPS did not deliver the signal that critically affects 
cytokine production in MuDC.

TLR4 mRNA and protein expression in MuDC
Since TLR4, a central component for recognition of 
Gram-negative LPS, plays a crucial role in LPS 
signaling to induce DC maturation, we wondered 
whether the unresponsiveness of MuDC to LPS 
could be due to the defective expression of TLR4 in 
MuDC. In addition, it has been shown that TLR2 
functions as a receptor for atypical LPS produced by 
Leptospira interogans (Werts et al., 2001) and 
Porphyromonas gingivitis (Hirschfeld et al., 2001). 
When we analyzed a number of TLR mRNAs in both 
MoDC and MuDC by RT-PCR, we found that TLR2 
and TLR4 were expressed at comparable levels 
(Figure 5A). Moreover, when the surface expression 
of TLR4 was examined by flow cytometry using 
TLR4-specific monoclonal antibody, TLR4 expre-
ssion on cell surface was detected in both MoDC 
and MuDC (Figure 5B). Our results therefore 
suggest that the lack of LPS responsiveness of 
MuDC to LPS is not the result of the differential 
expression of TLR4.

TNF-α or IL-1β, but not LPS, induces p38 
mitogen-activated protein kinase and ERKs 
activation in MuDC
Signals that promote DC maturation and survival 
may follow different pathways. It has been previously 
shown that the LPS-induced maturation of DC is 
also mediated by the activation of p38-MAPK 
(Arrighi et al., 2001), and that LPS induces early 
ERKs activation, which appears to be required for 
DC survival (Rescigno et al., 1998; Bouchon et al., 
2001). Therefore, we investigated whether LPS or 
TNF-  differentially controls MAPK and ERKs 
activation in MUTZ-3-derived DC. Stimulation with 
200 ng/ml of TNF-  induced the phosphorylation of 
MAPK (Figure 6A). The maximal phosphorylations of 
p38 and ERK1/2 were observed to reach a maxi-
mum between 5 and 10 min after TNF-  stimul-
ation, and to decrease after 30 min. LPS stimulation 
was retarded by comparison and showed signi-
ficantly lower peak p38 MAPK phosphorylation, and 
barely detectable ERK1 and ERK2 phosphorylation. 
Since the LPS signaling cascades are known to be 
similar in some respects to the down-stream 
cascades mediated by IL-1 receptor (IL-1R), we 
tested whether IL-1  could transduce signals that 

Figure 5. TLR4 expression in MoDC and MuDC. (A) The expressions of TLR1, 2, 3, 4, 7, 9 and TLR10 mRNAs 
in MoDC or MuDC were analyzed by RT-PCR. It was performed as described in Materials and Methods. The fig-
ure shown is representative of three independent experiments. (B) Analysis of the surface expressions of TLR4 
in MoDC and MuDC. MuDC or MoDC were washed twice and stained with anti-TLR4 antibody for 30 min on ice, 
followed by goat F(ab’)2 anti-mouse Ig’s-FITC conjugate as a secondary antibody (bold line). Control staining 
was done with a secondary antibody only (thin line). TLR4 expression was measured by flow cytometry and ana-
lyzed with WinMDI 2.8. The data shown represent the results of two experiments.
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activate MAPK. The treatment of MuDC with IL-1  
was found to induce maximal p38 and ERK1/2 
phosphorylations between 10 and 30 min (Figure 
6B). These data indicate that TNF-  or IL-1 , but not 
LPS, induces the early phosphorylation of ERK1/2 
and p38 MAPK in MuDC, and that signaling 
pathways incorporating LPS and IL-1  are fully 
functional in MuDC.

Co-culture with MoDC, but not with MuDC, induces 
NK cell activation
To extend our study to NK cell activation induced 
during co-culture with DC stimulated by LPS, we 
co-cultured MoDC or MuDC with purified allogeneic 
NK cells in the presence or absence of LPS for 24 h. 
Primary NK cells themselves showed moderate 
cytolytic activity against K562 target cells, but after 
co-culture with unstimulated MoDC, the cytolytic 
activity of NK cells was significantly enhanced 
(Figure 7A). The addition of LPS to a co-culture of 
NK cells with MoDC increased the cytotoxic effect of 
NK cells. However, this stimulatory effect was not 
observed when MoDC were replaced with MuDC, 
even in the presence of LPS, because the cy-
totoxicity of NK cells was not significantly enhanced 
after co-culture with MuDC. IFN-  production was 
clearly more pronounced after co-culture with 
LPS-stimulated MoDC, and was not detected in NK 

cells alone or in NK cells co-cultured with MuDC 
(Figure 7B), suggesting that IFN-  was not produced 
in allogeneic MoDC or MuDC. Additionally IL-12 was 
not produced in MuDC, when they were co-cultured 
with NK cells in the presence of LPS (Figure 7C). 
Altogether, these results indicate that MuDC might 
be defective in their ability to stimulate innate 
immune responses mediated via NK cells, and 
especially in terms of the ability to sense microbial 
products like LPS.

Discussion
In the present study, we demonstrate that a myeloid 
leukemia cell line can be induced in vitro to di-
fferentiate into fully functional cells with antigen 
presenting activity and DC features by short-term 
culture with a combination of cytokines. We showed 
as do MoDC, leukemic DC elicit significant T cell 
proliferation in allo-MLR. Importantly, the signaling 
generated by LPS, which is a potent inducer of 
human DC maturation and survival, did not lead to 
the maturation of leukemic DC. LPS treatment of 
leukemic DC did not trigger the activation pathway, 
as detected by the phosphorylated products of 
p38-MAPK and ERK. Defective LPS responsiveness 
therefore resulted in the inability of DC to stimulate 
primary NK cells in DC-NK cell co-culture.

Figure 6. Activations of p38-MAPK and ERK in MuDC after 
stimulation with LPS, TNF-  or IL-1 . MuDC were stimulated 
with either LPS (1 g/ml), TNF-  (200 ng/ml) (A) or IL-1  (20 
ng/ml) (B) for the indicated times. The activations of p38-MAPK 
and ERK were assessed as described in Materials and 
Methods. Immunoblotting using antibodies against total 
p38-MAPK and ERK was done as a loading control.
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    Proinflammatory cytokines, such as TNF-  and 
IL-1  also trigger maturation, as does the ligation of 
CD40, a TNF receptor family member abundant on 
DC. In our leukemic DC, DC maturation, as detected 
by the enhancement of surface antigen expression 
and CCR7 expression, was induced by TNF-  or 
agonistic CD40 mAb. These findings indicate that 
the maturation process of leukemic DC can be 
initiated by a variety of inflammatory stimuli. The 
increased expression of costimulatory molecules like 
CD80 and CD86 has been correlated with the 
capacity of DC to induce naive CD4+ T cell pro-
liferation, which is associated with the expression of 
CD83 (Chen et al., 1998). In contrast, in the present 
study, no difference was observed between the 
untreated control and LPS-treated leukemic DC in 
terms of the phenotypes of DC maturation. The 
signaling subunit of the LPS receptor in DC is TLR4, 
a member of TLR family. This is a type 1 trans-
membrane protein, which contains in its cytoplasmic 
region a Toll-interleukin-1 receptor domain that links 
the receptor to the signaling machinery shared by 
IL-1 and IL-18 (Akira et al., 2001). When TLR4 

expression in leukemic DC and in MoDC was 
quantified by RT-PCR and flow cytometric analysis, 
comparable levels of TLR4 mRNA and protein were 
found, indicating that the defective response of 
leukemic DC to LPS was not due to the level of TLR 
expression. In addition, TLRs are found to respond 
to different microbial products, and the signaling 
pathways activated are very similar to those ge-
nerated by the proinflammatory cytokine IL-1. It was 
therefore remarkable that on IL-1 stimulation, p38- 
MAPK and ERK were rapidly activated in leukemic 
DC. It is known that TLR proteins recognize myco-
bacterial products and activate signaling pathways, 
some of which are shared with the IL-1 receptor 
family, leading to NF- B signal transduction and the 
production of proinflammatory cytokines (Hoffmann 
et al., 1999). Our data, therefore, suggest that 
signaling mediators important for the downstream 
signal transduction are functionally intact. However, 
there is an increasing body of evidence indicating 
that LPS tolerance may be induced under conditions 
whereby cells express comparable levels of TLR4, 
MD-2, MyD88, and TRAF-4 protein (Medvedev et 

Figure 7. Cytolytic activity and IFN-  production by NK cells in mixed cul-
ture of NK cells with either MuDC or MoDC. Fresh NK cells and MuDC or 
MoDC were co-cultured in the absence or presence of LPS (1 g/ml) for 
24 h. After co-culturing, the cytolytic activities of the NK cells were eval-
uated using 51Cr-labeled K562 cell line as target cells (A). Supernatants 
were collected to evaluate IFN-  (B) and IL-12 production (C). Cytokine 
concentration was measured as described in Materials and Methods. The 
data shown represent one of the two individual experiments.
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al., 2000; Medvedev et al., 2001). For example, 
LPS-tolerant cells were found to exhibit a markedly 
impaired capacity to recruit MyD88 to TLR4 in 
response to LPS (Medvedev et al., 2002). There 
also exist MAL/TIRAP-dependent pathways unique 
to TLR4 (O'Neill, 2002). Although the expression of 
MAL/TIRAP in our leukemic DC was confirmed by 
RT-PCR analysis (data not shown), it remains to be 
resolved whether MAL/TIRAP is functionally de-
fective.
    Recently, it was reported that common, co- 
segregating missense mutations (Asp299Gly and 
Thr399Ile) affecting the extracellular domain of the 
TLR4 receptor are associated with a blunted 
response to inhaled LPS in humans (Arbour et al., 
2000). Based on this report, we hypothesized that 
this mutation in the TLR4 of our leukemic DC may 
be associated with a diminished responsiveness to 
LPS treatment. However, we were not able to find a 
substitution of Asp by Gly at nt 896 (A→T) or a 
substitution of Thr by Ile at nt 1196 (C→T) at TLR4 
cDNA by direct sequencing analysis (data not 
shown). In addition, we found that the nucleotide 
sequences encoding the extracellular domain of 
TLR4 do not have changes. It is therefore possible 
that the intracellular domain of TLR4 or its 
interaction with adaptor proteins in the cytoplasm is 
impaired. In fact, it has been previously reported 
that, although changes in gene sequence alter the 
ability of the host to respond to environmental stress, 
not all subjects hyporesponsive to LPS have 
mutations in TLR4, and that not all with the TLR4 
mutation are hyporesponsive to inhaled LPS (Arbour 
et al., 2000).
    The availability of leukemia-derived DC and their 
capacity to enhance tumor recognition is a promising 
approach to immunotherapy in AML, and hopefully 
will pave the way for therapeutic options in other 
hematological malignancies (Charbonnier et al., 
1999; Choudhury et al., 1999). However, in AML and 
in other leukemias, the generation of potent tumor- 
specific cytotoxic effectors capable of tumor control 
may be subsequently counterbalanced by a variety 
of mechanisms leading to anergy (Mohty et al., 
2002b). For example, patients with AML, as com-
pared to healthy individuals, may have in vivo a 
dramatic quantitative imbalance in their circulating 
blood DC subsets, with a great number of patients 
showing a tremendous expansion of either myeloid 
dendritic cells (MDC), plamacytoid dendritic cells 
(PDC) or both subsets (Mohty et al., 2001). In 
addition, stimulation via the CD40 pathway en-
hanced the secretion of IL-12p70 by CD14+ cell- 
derived leukemic DC and circulating MDC precursor- 
derived DC, but there was a trend towards a higher 
level of secretion of IL-10 by DC derived from 

leukemic circulating MDC (Mohty et al., 2002a). 
These leukemic DC may not help in the generation 
of anti-leukemic cytotoxic CD8+ T cells. Moreover, in 
chronic myeloid leukemia (CML), the maturation of 
leukemic MoDC triggered by a natural stimulus like 
LPS, is abnormal and may be caused by an aberrant 
TNF-  response in these cells (Eisendle et al., 
2003). Other results show that DC generated from 
the blood of CML patients display decreased T-cell 
stimulatory activity in vitro when tested with 
allogeneic responder T cells (Wang et al., 1999). 
Thus, the design of a clinical DC-based vaccine 
immunotherapy protocol requires a concise func-
tional characterization of DC as well as reflection on 
the crucial role of the route and timing of vaccine 
delivery to ensure potent specific cytotoxic effectors 
and helper T lymphocytes.
    Taken together, our results established differences 
in the functions of myeloid leukemia cell-derived DC 
as compared to blood MoDC. In particular, the 
unresponsiveness of leukemic DC to LPS stimula-
tion might have a significant impact on the functions 
of DC, because LPS is known to induce human DC 
maturation and survival. In fact, though MoDC 
stimulated NK cells in the presence of LPS, MuDC 
could not enhance NK cell activities. TLRs have a 
central role in the initiation of innate cellular immune 
responses and in subsequent adaptive immune res-
ponses to microbial pathogens, and the interaction 
between MoDC and NK cells plays important role in 
initiating innate immune response. Therefore, our 
data suggest that myeloid leukemia derived DC may 
have an impaired ability to initiate innate immune 
response and recognize endogenous ligands that 
represent “danger signal”. The mechanisms under-
lying the defect in TLR-mediated cell signaling 
pathway in MuDC are under current investigation.
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