
Abstract. Dendritic cells (DCs) are powerful antigen-
presenting cells (APCs), that have so far been applied for
cancer specific immunotherapy. Recent results suggest that
matured DCs derived from human monocytes have a significant
impact on the outcome of vaccination. The conventional
generation of mature DCs from human monocytes in vitro
has been reported to require 5 days for differentiation with
granulocyte macrophage colony-stimulating factor (GM-CSF),
interleukin (IL)-4 and 2 days for stimulation. We herein
report a new strategy for the functional maturation of
monocyte-derived DCs within only 2 days of in vitro culture
and the induction of specific cytotoxic T lymphocytes (CTLs)
to tumor rejection peptide. The monocytes were incubated for
1 day with GM-CSF and IL-4, followed by activation with a
bacterial product, OK-432 and prostaglandin E2 (PGE2) for
another 1 day (rapid DC). Rapid DC expressed mature DC
surface markers as well as chemokine receptor 7 and secreted
Th1-type cytokines. The DCs genereated in this study
mobilized Ca2+ in response to CCL21/6Ckine and SDF-1, but
only marginally did so to Mip-1·. Moreover, when rapid DC

were compared with mature conventional 7-day DCs, they
were equally potent in inducing specific CTLs in vitro. These
results indicate that the rapid DC is as effective as the
monocyte-derived conventional DCs. The rapid DC would
be a potentially useful new cancer-specific immunotherapy. 

Introduction

Dendritic cells (DCs) are considered to be the most powerful
antigen-presenting cells (APCs) establishing and controling
the primary immune responses. Furthermore, DCs regulate
the T-cell response to microbial pathogens, virus-infected
cells, dead cells, and tumor cells (1-3). Chemokine receptors,
such as CCR7, play an important role for changing the character
and function of DCs from immature form to mature form.
Mature DCs acquire a capacity to migrate to the T cell areas
of draining secondary lymphoid organs, where they then
encounter naïve T cells and initiate an adaptive immune
response (4). Recent developments in the field of in vitro
manipulation of DCs now enable us to perform clinical studies
of DC-based cancer vaccines for patients with various types
of carcinomas, such as gastrointestinal cancer (5), lymphoma
(6), and breast cancer (7). When synthetic peptides are used
as antigens presented on class I complex on DCs, the
administration of peptide-pulsed immature DCs (iDCs)
cannot induce full stimulation but it conversely induces
antigen-specific T-cell inhibition. As a result, mature DCs
should be used for the treatment of cancer (8).

Most experimental and clinical studies currently rely on
the in vitro development of DC-like cells from either CD34+

progenitor cells or blood monocytes. It is commonly believed
that monocytes are cultured for 5-7 days with GM-CSF and
IL-4 to generate immature DCs that have to be activated for
another 2-3 days with microbial, proinflammatory, or T cell-
derived stimuli to obtain mature DCs with a full T stimulatory
capacity. However, some reports indicated that there is
some dissociation of the period required for generation of
DCs between experimental in vitro and in vivo model.
Functional DCs have been reported to mature from
monocytes after 48 h culture of peripheral blood mono-
nuclear cells (PBMCs) in the presence of GM-CSF and IL-4
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plus proinflammatory mediators (9,10). However, whether or
not these short-term cultured DCs have an ability to
encounter naïve T cells and initiate an adoptive cellular
immune response remains to be elucidated.

OK-432, a penicillin-killed and lyophilized preparation of
a low-virulence strain (Su) of Streptococcus pynogenes
(group A), has been clinically used for the treatment of cancer
patients in Japan for more than 20 years. We preveously
reported that OK-432 might be useful for inducing an optimal
antitumor effect in DC-based immunotherapy in tumor-
bearing hosts in a mouse model (11,12). In addition, OK-432
have been reported to be useful for stimulating the maturation
of monocyte-derived human DCs, and DCs stimulated with
OK-432 could efficiently induce CTLs specific to tumor
rejection antigen (11,12). 

In this study, we show a new strategy for the generation
of mature DCs from human monocytes using OK-432 and
PGE2 within only 2 days of an in vitro culture. The DCs
generated in this study mobilized Ca2+ in response to
CCL21/6Ckine and SDF-1, but only marginally did so to
Mip-1·. Moreover, when rapid DCs were compared with
mature conventional 7-day DCs, they were equally potent in
inducing specific CTLs in vitro. Comparing with the rapid DCs
and standard 7-day monocyte-derived DCs, the expression of
DC activation surface markers, sensitivity to chemokines, the
production of Th1-type cytokines such as IL-12 and IFN-Á,
and their ability to induce proliferation and CTLs specific
to tumor rejection antigen in vitro. These results indicate
that the rapid DC is as effective as the monocyte-derived
conventional DCs. 

Materials and methods

Cytokines. Human recombinant IL-2 was a kind gift from
Takeda Pharmaceutical (Osaka, Japan). Human recombinant
granulocyte/macrophage-colony stimulating factor, human
recombinant GM-CSF, IL-4, PGE2, TNF-· and human
recombinant IL-7 were purchased from Genzyme/Techne
Corporation (Minneapolis, MN, USA). OK-432 was purchased
from the Chugai Company, Tokyo, Japan. 

Preparation of APCs and CD8-positive T Cells from PBMCs.
PBMCs were isolated from healthy donors (HLA-A2402) by
standard density gradient centrifugation on Lymphoprep
(Nycomed, Oslo, Norway). PBMCs were incubated in AIM-V
medium (Life Technologies, Inc.) supplemeted with 2-mercap-
toethanol (50 μM) and HEPES (10 mM) for 2 h at 37ºC in a
culture flask to separate an adherent cells and non-adherent
cells. The adherent cells were then cultured in the presence
of IL-4 (500 U/ml) and GM-CSF (500 U/ml) either with
TNF-· (100 ng/ml), with OK432 (0.1 KE/ml), or with
OK432 (0.1 KE/ml) + PGE2 (1 μM) in AIM-V medium for
2 days to generate monocyte-derived dendritic cells (rapid
DCs). In some experiments, a 5-day culture was performed
to obtain classical DC following maturation with OK432
and PGE2. CD8-positive T lymphocytes were isolated from
non-adherent cells by the MACS separation system (Miltenyi
Biotech, Bergisch Gladbach, Germany) using anti-CD8
mAb coupled with magnetic microbeads according to the
manufacturer's instructions. To obtain phytohemagglutinin

(PHA)-stimulated blasts, CD8-negative non-adherent PBMCs
were cultured in AIM-V medium containing 1 μg/ml of PHA
(Wako Chemicals, Osaka, Japan) and 100 units/ml of IL-2
for 3 days, followed by washing and cultivation in the presence
of IL-2 (100 U/ml) for 4 days.

CTL induction using autologous DCs and PHA-blasts. CTL
induction was performed according to a procedure described
previously (13) with slight modifications. Briefly, autologous
DCs were treated with mytomycin C (Kyowa Hakko Co.,
Ltd., Osaka, Japan) and washed with AIM-V medium. The
DCs were then incubated at room temperature (RT) for 2 h
in AIM-V with ß2-microglobulin (2.5 μg/ml) and peptide
(50 μg/ml). On day 1, 1x105 peptide-pulsed DCs/well were
plated on 24-well plates and cultured with 1x106 CD8+ T
cells in 2 ml of AIM-V supplemented with recombinant IL-7
(10 ng/ml). On day 7, 5x105 PHA-blasts were treated with
mytomycin C, washed twice, pulsed with 50 μg/ml of peptides,
and then were added to each well. On day 8, IL-2 was
added to each well at a concentration of 50 U/ml. The peptide
stimulation using PHA-blasts as APCs was repeated every
7 days. During CTL induction, the cells were fed with fresh
AIM-V medium supplemented with IL-2 (50 U/ml) every 3-
4 days. On day 28, the cytotoxic activity of T cells was assessed
by a conventional 4-h 51Cr release assay.

Cytotoxicity assay. The lytic activity of CTLs was tested by
a conventional 51Cr release assay (14). Briefly, the target
cells (TISI cells pulsed with MAGE-3/HLA-A24 peptide
IMPKAGLLI) (14) were labeled with 100 μCi of 51Cr for 1 h
at 37˚C, washed three times, and then were resuspended in
AIM-V medium. Next, the 51Cr -labeled target cells (4,000
cells/well) were incubated with various numbers of effector
cells for 4 h at 37˚C in 96-well microtiter plates. The radio-
activity of the culture supernatant was measured by a gamma
counter. The percentage cytotoxicity was calculated as
follows: % cytotoxicity = (experimental release - spontaneous
release) / (maximum release - spontaneous release) x 100. 

Cytokine release. The supernatant of the effector cells was
collected after a 24-h coculture with various target cells and
stocked at -80˚C until the IL-12, IFN-Á, and L-4 release
assay. A commercially available immunoenzymetric assay
kit was used (Immunotech, Marseille, France).

Endocytosis assay. The temperature-dependent uptake of
FITC-labeled dextran was used to measure endocytotic
function according to a modification of a procedure
described previously (15). Fresh DCs were suspended in 0.5
ml of medium and cultured with FITC-labeled dextran
(Sigma) for 60 min at either 0˚C or 37˚C. Cells expressing
CD11c were stained by adding anti-CD11c-PE during the
last 5 min of the assay; the reaction was terminated by adding
ice-cold PBS containing 0.1% azide. The stained cells were
then washed three times, and the CD11c+ population was
analyzed immediately for the intracellular accumulation of
the FITC label by a cytometric analysis. The degree of
endocytosis was determined by comparing the intracellular
uptake at 37˚C with the non-specific binding that occurred
at 0˚C.
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Ca2+ mobilization. Ca2+ mobilization in response to CCL21/
6Ckine was performed as described (16). Briefly, the cells
were loaded with Fluo-3AM (Molecular Probes) for 30 min
and warmed to 37˚C before analysis of flow cytometry. The
fluorescence intensity was followed kinetically after addition
of 6Ckine, SDF-1, and Mip-1· on flow cytometer. To induce
maximal Ca2+ release, cells were subsequently stimulated
with 2.5 μg/ml ionomycin (Sigma).

Statistical evaluation. A statistical analysis was performed
using the unpaired two-tailed Student's t-test to compare the
cytokine expression. Differences were considered significant
when p-value was <0.05.

Results

Phenotype difference between classical DC and 2-day culture
DC (rapid DC). We analyzed the surface phenotype-difference
between classical immature DC (7-day culture DCs
incubated with GM-CSF and IL-4), and 2-day culture DCs
incubated with GM-CSF, IL-4, OK-432 and PGE2. The rapid
DCs show a typical surface antigen expression pattern, such
as CD83+, CD40+, CCR7+, CD14-, CD80high, CD86highMHC
IIhigh (Fig. 1A). We also compared the maturation status of
DCs generated with no maturation stimulation, TNF-· (100
ng/ml), OK432, and OK432 plus PGE2. Fig. 1B shows that
incubation with OK-432 or OK432 plus PGE2 generate an
increased expression level of CD83 and CCR7 in com-
parison to that either with TNF-· or without maturation
stimulation.

Rapid DC secreted Th1 cytokine. To analyze the function of
rapid DCs, we measured the level of IL-12, IFN-Á and IL-4
in the supernatant of the culture medium. Rapid DCs secreted
a high level of IL-12 and IFN-Á in comparison to that of
TNF-· or without maturation stimulation. On the other hand,

the secretion of level of IL-4 was suppressed in rapid DC in
comparison to that of TNF-· or without maturation
stimulation. 

Ca2+ mobilization induced by 6Ckine, and SDF-1, but not
Mip-1· in rapid DC. The binding of chemokines to their
receptors causes a characteristic increase in the cytosolic
calcium. This is one of the earliest biochemical events that
occur in response to chemokines (17,18). To examine the
intracellular calcium flux, we labeled rapid DCs and classical
immature DCs with Fluo-3AM before adding 6Ckine, SDF-1
and Mip-1·. An evaluation of the fluorescence of stimulated
cells showed that rapid DCs mobilized Ca2+ in response to
CCL21/6Ckine and SDF-1, but only marginally did so to
Mip-1·. Immature DC mobilized Ca2+ in response to Mip-1·,
but only marginally did so to 6Ckine and SDF-1 (Fig. 3).
This result indicated that CCR7 expressed in rapid DC was
the functional receptor, which responded to its ligand.

Capture ability of rapid DC. To estimate the ability of the
rapid DC and classical immature DC subsets to endocytose,
we performed an endocytosis assay using flow cytometry. As
shown in Fig. 4, high fluorescence intensities were observed
in immature DC in comparison to that of rapid DCs. These
results suggest that the rapid DC subsets belong to mature
DCs.

Rapid DC generated CTL using MAGE-3/HLA-A24 peptide
as well as classical mature DC. To evaluate the ability of
rapid DCs to generate CTLs using cancer antigen peptide
from naïve T cells, we performed a cytolytic assay using
CTLs cultured with rapid DC. The cytolytic activity was
generated against peptide-pulsed target cells when CTLs
were co-cultured with mature rapid DC. No cytolysis was
generated against the target cells without MAGE-3 restricted
with HLA-A24 peptide. The level of cytolytic activity of
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Figure 1. Monocytes incubated with GM-CSF and IL-4 plus OK-432, PGE2

develop into mature DCs within 2 days. Rapid DCs, 2-day culture from
peripheral monocytes with GM-CSF, IL-4, OK-432 and PGE2, and classical
immature DCs, 7-day culture with GM-CSF and IL-4, were harvested, and
then the expression of cell surface antigens was analyzed by flow cytometry.
The table depicts the percentage of positively stained cells and MCF intensities.
The results are representative of three separate experiments.

Figure 2. The cytokine expression of 2-day-cultured DCs stimulated with
proinflammatory mediators. Each supernatant was collected and the
concentrations of IL-12, IL-4, and IFN-Á were determined by an immuno-
enzymetric assay.
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CTLs generated with rapid DC was almost the same as that
with classical matured DC (Fig. 5). These data indicate that
rapid DC showed an adequate maturation-function for the
generation of CTLs mediating the Th1 cytokine production.

Discussion

DC therapy has recently been considered to be one of the
strategies for the treatment of patients with advanced cancer,
especially for patients who are resistant to conservative
therapies, such as surgery, irradiation, and chemotherapy
(5,19). Using peptides that were identified to recognize
tumor antigen with DC, an effective antitumor effect was
observed to mediate the tumor specific immuneresponse
(20-22). We reported that an antitumor effect and a tumor-
specific immune response were generated in advanced
gastrointestinal cancer patients treated with MAGE-3

peptide and DCs. Furthermore, potent CTL could be induced
by the coexistence of DCs and tumor cells that has been
destroyed in vitro, and intratumoral DC injection following
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Figure 4. FITC-dextran uptake of rapid DC and classical immature DCs.
The DCs subsets were cultured at either 0˚C or 37˚C for 90 min in the
presence of FITC-labeled dextran (1 mg/ml). Cells were counterstained
with CD11c-PE, and the intracellular accumulation of FITC-dextran on the
CD11c population was determined by cytometric analysis. Numbers indicate
relative MCF intensities for the FITC label at 37˚C minus that at 0˚C. Similar
results were obtained for three experiments, and representative results are
shown.

Figure 3. 6Ckine, SDF-1, but not Mip-1· induced the mobilization of intra-cellular calcium in rapid DC (CCR7, CXCR4-positive, CCR5 negative cells) but
did not induce such mobilization in classical immature DC (CCR7, CXCR4-negative, CCR5 positive cells). To examine the intracellular calcium flux, a flow
cytometric analysis was performed in rapid DCs and immature DCs preloaded with Fluo-3AM. The fluorescence intensity was followed kinetically. A
transient increase in intracellular Ca2+ was recorded in the rapid DC cells after the addition of 6Ckine, and SDF-1 (200 nM). The data are the percentages of
fluorescence intensity relative to the value before the addition of 6Ckine, and SDF-1. To induce a maximal Ca2+ release, the cells were subsequently
stimulated with 2.5 μg/ml ionomycin. The results are representative of three separate experiments.

Figure 5. Peptide-pulsed rapid DC induce CTLs specific to the pulsed
peptide. The cytotoxic activity of the effector cells induced by stimulation
with MAGE-3/HLA-A24 peptide IMPKAGLLI against TISI cells pulsed with
the peptide. The effector cells were obtained by stimulating CD8+ T cells
for 28 days with mitomycin C-treated autologous PHA-blasts pulsed with
the peptide. TISI cells were pulsed with or without 10 μg/ml of this peptide
and then labeled with 51Cr. The cytotoxic activity against the TISI cells
pulsed either with or without the peptide was assessed at various E:T
ratios. (A) 7-day culture DCs, or (B) 2-day culture DC (rapid DCs) were
cocultured with effector cells. The cytotoxic activity of the CTLs was
determined against peptide-pulsed TISI cells at various E:T ratios by a 51Cr-
release assay.
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anticancer drug treatment (8). To improve these strategies
using DCs, one problem is that we need 7 days to generate
DCs from peripheal monocytes. 

In this study, we generated 2-day culture DCs, namely
rapid DCs, from peripheral monocytes. We then analyzed the
surface antigen expression, cytokine production, capture
ability of antigen, chemokine/chemokine receptor response,
and CTL induction. These data revealed the rapid DCs have
an equal function to that of 7-day classical mature DCs. 

Dauer et al (9) have reported on functional DCs generated
in 48 h using GM-CSF, IL-4 and proinflammatory mediators.
Those DCs were able to induce tetanus toxoid specific T
cells. Alldawi et al (10) reported on DCs generated in 48 h
using GM-CSF, IL-4 and LPS and INF-Á. Recently, Dauer
et al (23) reported that DCs developed in 48 h primed CTLs
using Melan-A/HLA-A0201 peptide. These results were
consistent with those from our study. Furthermore, we
showed the following novel findings: i) strong CTLs were
generated using MAGE-3/HLA-A24 peptide (not tetanus
toxin) and rapid DCs from human monocytes, and ii) the
cytolytic activity was generated against MAGE-3 positive
target cells. These results indicate that this strategy may
therefore enhance the effectiveness of the clinical settings for
human cancer patients.

We demonstrated rapid DCs to be generated in the
conditioned medium of GM-CSF, IL-4, OK-432 and PGE2.
Our previous study indicated a significantly high expression
of class II, CD80, and CD40 detected in OK-432-treated DCs
in comparison with that of control DCs. OK-432 is a
penicillin-killed streptococcal preparation, which is reported
to be a potent inducer of Th1-type cytokines (24). A
lipoteichoic acid-related molecule, designated OK-PSA,
isolated from OK-432 has been reported as a potent inducer
of Th1-type cytokines (25). Moreover, OK-PSA was
reported to be involved in the toll-like receptors, that are
expressed in myelomonocytic elements, and it thus play a
fundamental role in the pathogen recognition and activation
of innate immunity (26,27). It is possible that OK-PSA might
have an effect on the progenitor cells of DCs, such as
monocytes, in the OK-432-treated cachectic mice, thereby
improving their function to elicit antitumor immune
responses. The results obtained in this study are consistent
with our recent findings of an in vitro study in mice, in which
functional mature DCs were generated in a conditioned
medium. 

Taken together, the rapid DCs generated with a 2-day
culture from peripheral monocytes with GM-CSF, IL-4,
OK-432 and PGE2 were found to have an equal function to
that of 7-day culture mature DCs. The generation of rapid DC
not only reduces the labor, costs, and time required for in
vitro DC development, but may also be useful as a cancer-
specific immunotherapy. This approach might therefore be
applicable to patients with cancer.
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