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Dendritic cell (DC) administration appears to be a very promising
approach for the immunotherapy of cancer. The results of clinical
studies have suggested that the nature and the magnitude of an-
titumor immune responses are critically affected by DC functions,
including production of T helper type 1 (Th1)-inducing cytokines,
activation of T cell subsets and natural killer (NK) cells, and migra-
tion from peripheral tissues to the T cell area of the draining
lymph nodes. Administration of immature DCs could fail to fully
stimulate antigen-specific immune responses and might induce
tolerance under some conditions. In this study, we developed a
method to obtain fully mature DCs, and we compared in detail
the DCs thus obtained with those obtained using a maturation
stimulus termed monocyte-derived medium (MCM)-mimic, which
is a mixture of recombinant cytokines and prostaglandin E2 (PGE2)
mimicking the components of monocyte-conditioned medium. Us-
ing DCs derived from monocytes of advanced cancer patients in
this study, we found that DCs stimulated with OK-432 alone
showed phenotypes similar to those of mature DCs induced using
MCM-mimic, though with better secretion of IL-6 and IL-12. How-
ever, these DCs were found to have poor migratory capacity as-
sociated with the marginal expression of CCR7. When OK-432
was combined with PGE2, the CCR7 expression and migratory ca-
pacity of DCs were significantly improved without impairing
other immuno-stimulatory functions. These results suggest that
stimulation with the combination of OK-432 and PGE2 could be
applicable as an alternative to MCM-mimic in clinical trials which
require fully matured DCs to induce Th1-type immune responses
against tumor cells even in patients with advanced cancer. (Can-
cer Sci 2003; 94: 1091–1098)

endritic cells (DCs) are very potent antigen-presenting
cells, which play central roles in bridging between innate

and acquired immunity via direct cell-cell interactions and/or
cytokine production.1–4) Since these DC functions could be used
to induce potent immune responses against certain antigens pre-
sented on DC, clinical application of DCs has been initiated as
a cellular immunotherapy against cancer.5) The early-phase
clinical studies have shown that both the induction of tumor-
specific T cells and objective clinical responses could be
achieved, at least in some patient populations, with the admin-
istration of mature DCs generated in vitro from subsets of pe-
ripheral blood including adherent mononuclear cells, CD14+

monocytes, and CD34+ precursor cells. Strategies to load DCs
with tumor antigens include pulsing peptides, proteins6, 7) or tu-
mor cell lysate, and transfecting tumor-derived RNA. Analysis
of the clinical results strongly suggests that the maturation sta-
tus of DCs used in such protocols greatly affects the immune
response that follows the treatments.8)

Multiple reagents have been reported to induce DC matura-
tion. The known DC maturation stimuli include CD40 ligand
(CD40L),4, 9, 10) poly I:C (a synthetic double-stranded RNA),11, 12)

interferon (IFN)-α, lipopolysaccharide (LPS), tumor necrosis
factor (TNF)-α, and conditioned medium of adherent autolo-
gous monocytes in culture, termed monocyte-conditioned me-
dium (MCM). Among these currently available reagents, MCM
has been considered to be one of the best stimuli. Analysis of
MCM has shown that it is a mixture of prostaglandin E2 (PGE2)
and inflammatory cytokines such as TNF-α, IL-1β, IL-6, and
IFN-α.13) Although MCM is a potent stimulant for DC matura-
tion, MCM has some obvious disadvantages, including variable
efficacy in maturation from blood donor to donor, the necessity
for cumbersome procedures to isolate autologous monocytes
and plasma, and the difficulties in quality assurance. As an al-
ternative to MCM, some investigators have been using a cock-
tail of defined cytokines corresponding to those found in
MCM.14) This cytokine cocktail, termed “MCM-mimic,” con-
tains PGE2 and recombinant cytokines such as TNF-α, IL-1β,
IL-6. Although MCM-mimic has been considered to be a good
stimulus for DC maturation, it has significant drawbacks, in-
cluding cumbersome preparation, difficulties in purchasing re-
combinant cytokines prepared under good manufacturing
practice (GMP) and modest expression of IL-12, a critical cy-
tokine for the induction of T helper type 1 (Th1) responses
from the stimulated DCs.

Recently, we have reported that OK-432 (Picibanil) could be
used for stimulating the maturation of monocyte-derived human
DCs.15) OK-432 is a biological response modifier (BRM) de-
rived from the weakly virulent Su strain of Streptococcus pyo-
genes.16) It is available in GMP quality and has been used in
Japan for more than 20 years as a non-specific immuno-adju-
vant to treat various types of cancers. Our previous study, de-
scribed above, indicated that OK-432 stimulates immature DCs
to acquire mature phenotype and to produce significant
amounts of Th1-type cytokines such as IL-12 and IFN-γ with-
out interfering with the presentation of pulsed epitope-peptides.

In this report, we examined in detail the functions of OK-
432-stimulated DCs derived from the monocytes of advanced
cancer patients, compared with those of MCM-mimic-stimu-
lated DCs. The results suggest that OK-432, when combined
with PGE2, is as effective a stimulus as MCM-mimic in almost
every respect, including migratory capacity. It is even superior
to MCM-mimic in terms of production of IL-12, a critical cy-
tokine to induce cellular immune response.

Materials and Methods

Patients. The following experiments were performed using
peripheral blood mononuclear cells (PBMCs) donated by the
patients enrolled in a phase I DC vaccination trial approved by
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the Institute Review Board of the Institute of Medical Science,
The University of Tokyo (Table 1). All the patients had given
written informed consent, and each experiment was performed
using PBMCs harvested from the patients prior to the initiation
of the treatment. In this paper, we present representative results
from particular patients, but this is done only when consistent
findings were obtained in all four patients tested.

Generation of immature DCs from advanced cancer patients.
White blood cells from the patients were harvested by leuka-
pheresis using a Cobe Spectra (Cobe BCT, Lakewood,
CO).17, 18)

PBMCs were separated from leukapheresis products by
means of standard density gradient centrifugation using Ficoll-
Paque (Amersham Biosciences AB, Uppsala, Sweden). Then,
they were cryopreserved in a freezing medium that consists of
10% DMSO (Sigma, St. Louis, MO), 20% heat-inactivated au-
tologous serum, and 70% RPMI-1640 medium (Invitrogen,
Carlsbad, CA) at 2.5×107 cells/ml until assay. Monocyte-de-
rived DCs were generated from cryopreserved PBMCs using
the standard method described elsewhere17) with minor modifi-
cations. In brief, cryopreserved PBMCs were thawed in a water
bath at 37°C, then supplemented with RPMI-1640 medium,
centrifuged once at 1500 rpm×5 min at 4°C, and were plated in
100×20 mm Primaria tissue culture dishes (Becton Dickinson
(BD), Franklin Lakes, NJ) at the density of 2.0×107 cells per
dish in 5 ml of RPMI-1640 medium without serum. They were
allowed to adhere to the dish at 37°C in 5% CO2 for 3 h. Non-
adherent cells were removed carefully. The remaining cells
were cultured for 7 days in 5 ml of complete medium, which
consists of RPMI-1640 supplemented with 2% heat-inactivated
autologous human serum, 500 U/ml of recombinant human (rh)
GM-CSF (PeproTech Ec, Ltd., London, UK) and 250 U/ml of
rhIL-4 (PeproTech Ec, Ltd.).

Activation of immature DCs. After culture for 7 days, non-ad-
herent and loosely adherent cells were harvested from the
dishes, counted, and placed in 6-well plates (Corning Costar,
Cambridge, MA) at the density of 1.0×106 cells/well in 3 ml of
complete medium supplemented with 10 µg/ml of OK-432
alone, 10 µl /ml of OK-432 and 1 µg/ml of PGE2, or MCM-
mimic consisting of 10 ng/ml of rhTNF-α, 10 ng/ml of rhIL-
1β, 1000 U/ml of rhIL-6 and 1 µg/ml of PGE2.19) Forty-eight
hours after the stimulation, the cells were harvested and ana-
lyzed. The OK432 was provided by Chugai Pharmaceutical
Co., Ltd. (Tokyo). The cytokines, such as rhIL-1β, rhIL-6, and
rhTNF-α, were purchased from PeproTech Ec, Ltd. PGE2 was
purchased from Sigma.

Flow cytometry. The phenotypic analysis of DC preparations
was performed on day 7 and on day 9 using a FACSCalibur
(Becton Dickinson, Mountain View, CA) with Cell Quest soft-
ware. Dead cells and small cells in the cell preparations were
gated out on the basis of the light-scattering properties for this
analysis, and the remaining cells were analyzed for CD11c,
CD80, CD83, CD86, and HLA-DR expression (all PE or FITC-
conjugated mAbs were purchased from BD PharMingen, San
Diego, CA). In the examination of CCR7 expression, anti-
CCR7 mAb and FITC-conjugated goat anti-mouse IgM mAb
purchased from BD PharMingen were used.

Cytokine measurement. Seven days after the initiation of cul-
ture, DCs were incubated with the stimuli, the culture superna-

tants were collected, and the concentrations of IL-6 and IL-12
(p70 and p40) in the samples were examined using ELISA kits
(Endogen, Rockford, IL) specific to the respective cytokines.

In vitro chemotaxis assay. The in vitro chemotaxis assay was
performed with minor modifications as described previously.20)

In brief, recombinant chemokine (rhMIP-3β /CCL19) pur-
chased from Genzyme/TECHNE (Minneapolis, MN) was di-
luted to appropriate concentrations with the serum-free assay
medium to a final volume of 600 µl and applied to 24-well tis-
sue culture plates (Corning Costar). Transwell culture inserts
(Corning Costar) of 6.5 mm diameter with 5.0-µm pores were
inserted into each well, and DCs (5.0×105 cells per each well)
were added to the top chamber in assay medium at a final vol-
ume of 100 µl. The plates were incubated for 4 h, then the cells
in the bottom chambers were recovered. Harvested cells were
counted, and an aliquot was stained with PE-conjugated anti-
CD11c and FITC-conjugated anti-CD86 mAbs (BD PharMin-
gen) for analysis by FACSCalibur. The numbers of migrating
DCs were calculated from the number of all migrating cells and
the percentages of the cells positive for both CD11c and CD86.

Allogeneic mixed lymphocyte reaction (allo-MLR). To examine
the immuno-stimulatory function of the DCs after different
treatments, allo-MLR was performed. Immature DCs were
stimulated with mitomycin-C (Kyowa Hakko, Tokyo) for 45
min at 37°C. They were added to 2.0×104 to 2.0×105 alloge-
neic PBMCs obtained from healthy volunteers in 96-well flat-
bottomed plates. Then the mixture was co-incubated for 2 days
in complete medium supplemented with 5% heat-inactivated
autologous serum. Two days after the initiation of the co-cul-
ture, the cells and the culture supernatant were harvested. Con-
centrations of IFN-γ in culture supernatants were determined
using ELISA kits (Endogen), and the surface expression of
CD69 expression (BD PharMingen) on CD4+ T cells, CD8+ T
cells or CD56+ NK cells was examined using double color
staining. All mAbs were purchased from BD PharMingen. In
some experiments, anti-IL-12 mAb (20 µg/ml; BD Pharmin-
gen) was used to block IL-12 effects and mouse IgG1 (BD
PharMingen) was used as a control antibody. The NK activity
of the resultant lymphoid cells of MLR was tested using a stan-
dard 4-h 51Cr-release assay against K562.

Influence of DC functions on Th1 differentiation. The CD4+

CD45RO– cells were isolated as naïve Th cells from PBMCs of
healthy donors by magnetic cell sorting (MACS) using Midi-
MACS separation columns (Miltenyl Biotec, Sunnyvale, CA).
In brief, CD4+ cells, separated using a CD4 Multisort Kit
(Miltenyl Biotec), were mixed with microbeads conjugated
with anti-CD45RO antibody, and applied to a MidiMACS LS+

column to remove CD45RO+ cells. The percentage of CD4+

CD45RO− cells in the harvested population was more than 95%
throughout this study. Allogeneic CD4+ CD45RO– cells were
cultured with 1.0×105 immature DCs (iDC), OK-DCs, OK-P-
DCs or MCMm-DCs for 7 days in the presence of rIL-2 (100
U/ml) (Teceleukin; Biogen, Inc., Cambridge, MA). After the
culture, the cells were harvested and examined for intracellular
cytokine production with FACSCalibur. In brief, the cells were
stimulated with 10 ng/ml of phorbol 12-myristate 13-acetate
(PMA; Sigma) and 100 ng/ml of A23187 (Sigma) for 4 h in the
presence of brefeldin A (Sigma), stained with PerCP-conju-
gated anti-CD4 mAb, fixed with 4% paraformaldehyde, treated

Table 1. Clinical profiles of the patients

Patients 
(Age and  sex) Disease Stage Treatment Metastasis

Patient 1 (42, F) Melanoma IV Chemotherapy IFN-β Peptide Liver, spleen, intradermal, bone, brain, right ventricle
Patient 2 (50, M) Melanoma IV Surgery Chemotherapy Lung, bone, spleen, intradermal, lymph nodes
Patient 3 (61, F) Breast cancer IV Surgery Radiation Chemotherapy Lung, bone, intradermal, lymph nodes
Patient 4 (64, M) Stomach cancer IV Surgery Chemotherapy Lymph nodes
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with permeabilizing solution (50 mM NaCl, 5 mM EDTA,
0.02% NaN3 and 0.5% Triton X-100, pH 7.5), and then incu-
bated on ice with PE-conjugated anti-IL-4 mAb and FITC-con-
jugated anti-IFN-γ mAb for 45 min. The percentage of cells
expressing cytoplasmic IL-4 or IFN-γ was determined by FAC-
SCalibur. PerCP-conjugated anti-CD4 mAb, PE-conjugated
anti-IL-4 mAb and FITC-conjugated anti-IFN-γ mAb were pur-
chased from BD PharMingen.

Results

DCs stimulated with OK-432 alone (OK-DCs) showed phenotypic
characteristics similar to those of DCs stimulated with MCM-mimic
(MCMm-DCs), except for migratory capacity associated with modest
CCR7 expression. Characteristics of the DCs stimulated with OK-
432 (OK-DCs) were examined and directly compared with
those of the DCs stimulated with MCM-mimic (MCMm-DCs)

using immature DCs derived from monocytes obtained from
stage IV cancer patients (Table 1). Immature DCs were gener-
ated with rhGM-CSF plus rhIL-4 as described in “Materials
and Methods,” and OK-432 was used under the optimal condi-
tions determined in our previous study.15) The cells with no
stimulation showed sparse and short dendrites typical of iDC.
The cells stimulated with OK-432 and MCM-mimic showed
morphologies consistent with those of mature DCs (Fig. 1).
Flow-cytometric analysis of OK-DCs showed up-regulated sur-
face expression of CD83, CD80, CD86, and HLA-DR at simi-
lar levels to those on MCMm-DCs (Fig. 2A). The expression of
CD40 was also up-regulated on OK-DCs as well (data not
shown). These results suggest that OK-DCs have all the pheno-
typic characteristics of fully matured DCs induced with MCM-
mimic.

We also examined cytokine production of OK-DCs compared
with that of MCMm-DCs (Fig. 2B). The OK-DCs produced IL-

Fig. 1. Morphological characteristics of the iDCs (panel A), OK-DCs (panel B) or MCMm-DCs (panel C) (×400 magnification).

Fig. 2. DCs stimulated with OK-432 alone showed phenotypic characteristics similar to those of DCs stimulated with MCM-mimic and produced
large amounts of IL-12. Immature DC, OK-DCs or MCMm-DCs were induced as described in “Materials and Methods,” and their phenotypic char-
acteristics were determined by FACSCalibur 9 days after the initiation of the culture. The fine solid, bold solid and dotted lines represent the stain-
ing patterns of iDCs, OK-DCs and MCMm-Dcs, respectively. The bars indicate the area considered to be positive judging from the patterns stained
with PE- or FITC-labeled isotype control IgG (panel A). Production of IL-12 (a) and IL-6 (b) by iDCs, OK-DCs and MCMm-DCs was examined. Day-7
DCs were stimulated with none, OK-432 or MCM-mimic for 2 days. IL-12 and IL-6 activities in culture supernatant of the DCs were determined with
the respective ELISA kits (panel B). Similar data were obtained in three additional cancer patients.
Sato et al. Cancer Sci | December 2003 | vol. 94 | no. 12 | 1093
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12, which is a critical cytokine for the induction of Th1-type re-
sponses, at much higher levels than those of MCMm-DCs (Fig.
2B-a). Although IL-10, a cytokine with immunosuppressive ef-
fects, was not produced by either type of DCs (data not shown),
IL-6 was produced by OK-DCs at a level higher than or equiva-
lent to the concentration contained in the medium of MCMm-
DCs on the tested days (Fig. 2B-b).

Furthermore, we examined the expression and the function of
CCR7, which is associated with DC maturation and migration,
on the DCs. The expression of CCR7, which is expressed on
the surface of mature DCs, was up-regulated on OK-DCs but at
a much lower level than that of MCMm-DCs (Fig. 3A). In vitro
chemotaxis assay using MIP-3β, a CCR7 ligand, showed mar-
ginal migratory capability of OK-Dcs, consistent with the inten-
sity of CCR7 surface expression (Fig. 3B). In contrast,
MCMm-DCs showed very good migratory capability.

Supplementation of PGE2 up-regulates CCR7 expression on OK-
DCs without affecting their other surface phenotypes or the secre-
tion of IL-6 and IL-12. The migration of antigen-loaded DCs into
draining lymph nodes is considered to be a critical event for ef-
ficient induction of T cell immune responses. Thus, low migra-
tory capacity could impair efficient antigen-presentation of OK-
Dcs, especially in vivo. To improve the migratory capability of
OK-DCs, we added PGE2, which has recently been shown to be
a key factor for inducing CCR7 expression on DCs,21, 22) to OK-
DCs during the stimulation. The DCs stimulated with OK-432
and PGE2 (OK-P-DCs) showed up-regulated CCR7 expression
at a level almost identical with that of MCMm-DCs (Fig. 4A),
and good migration in chemotaxis assay (Fig. 4B). Thus, OK-P-
DCs have as good a migratory capacity as that of MCMm-DCs.

In order to examine the influence of PGE2 on DC functions
other than migration, the surface phenotype and cytokine secre-
tion of OK-DCs, OK-P-DCs, and MCMm-DCs were examined
(Fig. 5). OK-P-DCs showed a surface phenotype almost identi-
cal to that of MCMm-DCs, which have higher expression of
CD80 and HLA-DR than OK-DCs. Furthermore, OK-P-DCs
secreted IL-12 and IL-6 at levels much higher than those of
MCMm-DCs and equivalent to those of OK-DCs (Fig. 6).

OK-P-DCs stimulate IFN-γγγγ production in allo-MLR more potently
than MCMm-DCs. The potency of the OK-P-DCs in T or natural
killer (NK) cell stimulation was evaluated by testing their abil-
ity to stimulate allogeneic bulk PBMCs in mixed lymphocyte
reaction (allo-MLR). OK-DCs and OK-P-DCs induced IFN-γ at
high levels in allo-MLR (Fig. 7A). In contrast, MCMm-DCs in-
duced IFN-γ at a modest level, which was far lower than those
induced with OK-DCs or OK-P-DCs. The IFN-γ induction with
OK-DCs and OK-P-DCs was almost completely abrogated
when IL-12 in the allo-MLR was blocked using an antibody
specific to IL-12. We also examined which cell population is
responsible for the IFN-γ response. In the lymphoid cells of
allo-MLR stimulated with OK-DCs or OK-P-DCs, expression
of CD69 on CD56+ NK cells was drastically up-regulated (Fig.
7B). Up-regulation of CD69 expression was also noted on the
NK cells contained in allo-MLR stimulated with MCMm-DCs.

Fig. 3. DCs stimulated with OK-432 alone have up-regulated CCR7 ex-
pression, but at a level much lower than that of DCs stimulated with
MCM-mimic. Immature DCs, OK-DCs or MCMm-DCs were induced as
described in “Materials and Methods,” and their phenotypic character-
istics were determined by FACSCalibur 9 days after the initiation of cul-
ture. The fine solid, bold solid and dotted lines represent the staining
patterns of iDCs, OK-DCs and MCMm-Dcs, respectively. The bars indi-
cate the areas considered to be positive (None, 3.7%; OK-432, 14.8%;
MCM-mimic, 41.7%) judging from the patterns stained with PE- or
FITC-labeled isotype control IgG (panel A). Immature DCs, OK-DCs or
MCMm-DCs were induced as described in “Materials and Methods”
and their migratory capacities were examined in terms of their chemo-
tactic responses to MIP-3β (0.1, 0.5 and 1.0 µg/ml). Although iDCs and
OK-DCs showed no or marginal migration, MCMm-DCs showed potent
migrating capacity (panel B). Similar data were obtained in three addi-
tional cancer patients.

Fig. 4. Supplementation of PGE2 up-regu-
lates CCR7 expression and the migrating ca-
pacity of OK-DCs. Immature DCs, OK-DCs,
OK-P-DCs or MCMm-DCs were induced as
described in “Materials and Methods” and
their phenotypic characteristics were deter-
mined by FACSCalibur 9 days after the initi-
ation of culture. The fine solid, bold solid,
gray bold solid and dotted lines represent
the staining patterns of iDCs, OK-DCs, OK-
P-DCs and MCMm-DCs respectively. The
bars indicate the areas considered to be
positive judging from the patterns stained
with PE- or FITC-labeled isotype control IgG
(panel A). Immature DCs, OK-DCs or
MCMm-DCs were induced as described in
“Materials and Methods,” and their migra-
tory capacity was determined 9 days after
the initiation of culture. DCs were analyzed
for their chemotactic responses to MIP-3β
(0.5 µg/ml) (panel B). Similar data were ob-
tained in three additional cancer patients.
1094 Sato et al.
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However, the extent of the up-regulation was less than that with
OK-DCs or OK-P-DCs. The levels of CD69 expression on
CD4+ and CD8+ T cells were not significantly different. Fur-
thermore, NK activities of the lymphoid cells in allo-MLR
stimulated with OK-DCs and OK-P-DCs were significantly
higher than those in the case of MCMm-DCs (Fig. 7C).

These results suggest that OK-DCs and OK-P-DCs can in-
duce potent IFN-γ response and NK activity in allo-MLR,
mainly through IL-12 production.

Both OK-DCs and OK-P-DCs equally promote the Th1 polarization
of allogeneic naïve T cells. The influence of OK-DCs and OK-P-
DCs on Th1 differentiation was examined using allogeneic

naïve Th cells (Fig. 8). Allogeneic naïve CD4+ T cells were co-
cultured with iDCs, OK-DCs, OK-P-DCs or MCMm-DCs in
the presence of IL-2 (100 U/ml) for 7 days. As shown in Fig. 8,
the percentage of the CD4+ cells with intracellular IFN-γ pro-
duction was significantly and equally increased when they were
stimulated with either OK-DCs or OK-P-DCs. These results
strongly suggest that addition of PGE2 to OK-432 does not af-
fect Th1 polarization induced with OK-432 alone.

Discussion

In this study, we have examined our hypothesis that OK-432
could be used to stimulate DCs derived from the PBMCs har-
vested from stage IV cancer patients. DCs stimulated with OK-
432 alone showed a phenotype similar to that of mature DCs
stimulated with MCM-mimic, secreting large amounts of IL-12
and IL-6, but they had a relatively low migratory capacity asso-
ciated with only marginal expression of CCR7. When OK-432
stimulation was combined with PGE2, a component of MCM-
mimic, the CCR7 expression and migratory capacity of DCs
were significantly enhanced without any effect on other DC
functions, including surface phenotype and IL-6 and IL-12 se-
cretion. Furthermore, OK-P-DCs promoted NK activity, IFN-γ
response and Th1 polarization in allo-MLR mainly through
their IL-12 production.

Cellular immunotherapy using DCs is now considered to be a
promising strategy to treat cancer patients, judging from the
positive results of early clinical trials. For instance, both immu-
nological and objective clinical responses have been observed
after the administration of immature monocyte-derived DCs
pulsed with prostate-specific membrane antigen (PSMA) pep-
tides combined with radiotherapy.23, 24) However, significant
concerns have been raised about treatment using immature DCs
at the same time. Dhodapkar et al.25) showed that the effector
function of T cells specific to influenza matrix peptide was in-
hibited by the administration of immature DCs derived from
monocytes in PBMCs of healthy volunteers. Administration of
immature DCs has also been suggested to insufficiently stimu-
late antigen-specific immune response, and even to induce tol-
erance in some conditions.5) These results collectively suggest
that immune responses against the tumor can only be fully in-
duced by the administration of mature DCs.

Our previous report15) and other work26) suggested that OK-
432 might be a good stimulus for DC maturation. In our recent
report,15) we have shown that OK-DCs have a phenotype com-
patible with that of mature DCs, abundantly produce Th1-type

Fig. 5. Supplementation of PGE2 on OK-DCs did not affect their sur-
face phenotypes. Immature DCs, OK-DCs, OK-P-DCs or MCMm-DCs
were induced as described in “Materials and Methods” and their phe-
notypic characteristics were determined by FACSCalibur 9 days after
the initiation of culture. The fine solid, bold solid, bold gray solid and
dotted lines represent the staining patterns of iDCs, OK-DCs, OK-P-DCs
and MCMm-Dcs, respectively. The bars indicate the areas considered to
be positive judging from the patterns stained with PE- or FITC-labeled
isotype control IgG. Similar data were obtained in three additional can-
cer patients.

Fig. 6. Supplementation of PGE2 did not affect secretion of IL-6 and IL-12 by OK-DCs. Day-7 DCs were stimulated with none, OK-432 or MCM-
mimic for 2 days. IL-12 (panel A) and IL-6 (panel B) concentrations in culture supernatant of the DCs were determined by using ELISA kits specific
to the respective cytokines. Similar data were obtained in three additional cancer patients.
Sato et al. Cancer Sci | December 2003 | vol. 94 | no. 12 | 1095
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cytokines, and can efficiently induce potent CTLs specific to
the pulsed epitope peptide. Furthermore, OK-432 appears to
stimulate DCs through, at least in part, β2 integrin, which is a
receptor for various microbial antigens. In the current study, we
have examined the characteristics of OK-DCs in detail, in com-
parison with those of MCMm-DCs. The results suggest that
OK-432 could be a better stimulus for DC maturation than
MCM-mimic, at least in the induction of IL-6 and IL-12, both
of which have critical functions for inducing positive immune
responses (Fig. 2).

Our results in allo-MLR suggest that IL-12 secreted by OK-
DCs and OK-P-DCs is critically involved in the induction of
IFN-γ response. Furthermore, OK-DCs and OK-P-DCs can ac-
tivate NK cell functions, thereby playing an important role in
regulating immune responses against various types of patho-
gens including tumor cells.

It also appears to be important that OK-432 can induce IL-6
production along with IL-12 production. IL-6 has multiple
functions, particularly in the context of the acute phase re-
sponse and B cell differentiation. Recently, Pasare and
Medzhitov27) demonstrated that cross-linking of pathogens to
toll-like receptors (TLRs) on DCs triggers the activation of
adaptive immune responses through at least two distinct mecha-
nisms: the induction of costimulatory molecules on DCs and
the production of IL-6, which renders pathogen-specific T cells
refractory to the suppressive activity of CD4+ CD25+ T regula-
tory (T reg) cells, from DCs. Although TLR involvement in DC
maturation with OK-432 is still controversial, our results sug-
gest that OK-DCs are suitable for generating antigen-specific T
cells efficiently by suppressing T reg cells on the tumor-spe-
cific T cells with IL-6.

Although OK-DCs have many characteristics compatible
with those of fully matured DCs as shown above, we found that

Fig. 7. The OK-DCs and OK-P-DCs stimulate IFN-γ production and NK activity in allo-MLR to levels higher than those in the case of MCMm-DCs.
Freshly isolated PBMCs (1.0×106 cells) obtained from healthy volunteers were stimulated with iDCs, OK-DCs, OK-P-DCs or MCMm-DCs (1.0×105

cells) for 2 days. Cells and culture supernatant were harvested from the MLR. The culture supernatant was examined for IFN-γ activity using ELISA
kits with or without anti-IL-12 blocking mAb (panel A). The CD69 expression pattern on CD4+, CD8+ T or CD56+ NK cells was examined by using a
FACSCalibur (panel B). The NK activity against K-562 was also examined using 4-h 51Cr-release assay (panel C). Similar data were obtained in three
additional cancer patients.

Fig. 8. Both OK-DCs and OK-P-DCs equally promote the Th1 polariza-
tion of allogeneic naïve CD4+ T cells. CD4+ CD45RO– cells were ob-
tained from healthy donors as naïve T cells by using magnetic beads
selection. These cells were co-cultured with OK-DCs or OK-P-DCs de-
rived from cancer patients and examined for intracellular IFN-γ and IL-
4 expression using FACSCalibur after staining with PerCP-conjugated
anti-CD4 mAb, PE-conjugated ant-IL-4 mAb, and FITC-conjugated anti-
IFN-γ mAb. The percentage of positive cells in CD4+ T cells is indicated
in figures. Similar patterns of expression were found in the experi-
ments using DCs from three additional cancer patients.
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the migratory capacity of OK-DCs is significantly inferior to
that of MCMm-DCs. OK-DCs exhibit marginally up-regulated
CCR7 expression when compared with that of immature DCs.
This mediocre CCR7 expression of OK-DCs was associated
with low migratory capacity toward MIP-3β in vitro (Fig. 3).
Migration is an important function for DCs to locate them-
selves at the T cells of the lymph nodes, which is a suitable
place to efficiently control immune responses. The migratory
capacity of DCs is controlled by the expression of chemokine
receptors, especially CCR7, on the surface of DCs. The ligands
of CCR7, MIP-3β (CCL19) and SLC (CCL21), are expressed
in lymph nodes and influence DC migration.28, 29) In this study,
we showed that migratory capacity of OK-DCs could be signif-
icantly improved by the addition of PGE2, which up-regulates
CCR7 expression (Fig. 4). Recent studies have demonstrated
that chemokines play a major role in the migration of DCs.30–32)

Luft et al.21) and Scandella et al.22) have recently shown that
PGE2 regulates the migratory capacity of monocytes-derived
DCs. However, PGE2, mainly produced by APCs, has been
shown to suppress Th1-related immune responses through mul-
tiple pathways, including the inhibition of IL-12 secretion, IL-
12 receptor expression, and IFN-γ production. Furthermore,
PGE2 was shown to augment Th2-related immune responses as
well, through multiple mechanisms including enhancement of
the production of IL-10.33, 34) To examine whether PGE2 addi-

tion would affect OK-DC functions related to Th1 polarization,
surface phenotypes, cytokine secretion, and IFN-γ response of
allogeneic PBMCs primed with OK-P-DCs were evaluated
(Fig. 7 and Fig. 8). All of the results consistently suggested that
addition of PGE2 does not significantly suppress any of the
OK-DC functions mediating T cell and NK cell activation, in-
cluding Th1 polarization.

These results strongly suggest that the simple combination of
OK-432 and PGE2, both of which are readily available in GMP
quality, could induce full maturation of DCs, including migra-
tory capacity. Furthermore, OK-DCs secrete IL-12 and IL-6,
critical cytokines for stimulating Th1-type immune responses,
at much higher levels than those of MCMm-DCs. Thus, OK-P-
DCs appear to be a good alternative to MCMm-DCs, or even
better in some respects, for use in clinical DC therapy to induce
strong Th2-type immune responses specific to tumor cells.

This study was supported by Grant-in-Aid for Scientific Research from
the Japan Society for Promotion of Science (to H. T.). We thank Ms.
A. Asami and Ms. Y. Haraguchi (Department of Surgery and Bioengi-
neering, Institute of Medical Science, The University of Tokyo) for
their excellent technical assistance. We also thank Ms. C. Suzaki (De-
partment of Surgery and Bioengineering, Institute of Medical Science,
The University of Tokyo) for her kind review of the manuscript.

1. Banchereau J, Steinman RM. Dendritic cells and the control of immunity.
Nature 1998; 392: 245–52.

2. Palucka K, Banchereau J. Dendritic cells: a link between innate and adaptive
immunity. J Clin Immunol 1999; 19: 12–25.

3. Kitamura H, Iwakabe K, Yahata T, Nishimura S, Ohta A, Ohmi Y, Sato M,
Takeda K, Okumura K, Van Kaer L, Kawano T, Taniguchi M, Nishimura T.
The natural killer T (NKT) cell ligand α-galactosylceramide demonstrates its
immunopotentiating effect by inducing interleukin (IL)-12 production by
dendritic cells and IL-12 receptor expresion on NKT cells. J Exp Med 1999;
189: 1121–8.

4. Ridge JP, Rosa FD, Matzinger P. A conditioned dendritic cell can be a tem-
poral bridge between a CD4+ T-helper and a T-killer cell. Nature 1998; 393:
474–8.

5. Steinman RM, Dhodapkar M. Active immunization against cancer with den-
dritic cells: the near future. Int J Cancer 2001; 95: 459–73.

6. Thuener B, Haendle I, Roder C, Dieckmann D, Keikavoussi P, Jonuleit H,
Bender A, Maczek C, Schreiner D, von den Driesch P, Brocker EB, Stein-
man RM, Enk A, Kampgen E, Schuleret G. Vaccination with MAGE-3A1
peptide-pulsed mature, monocytes-derived dendritic cells expands specific
cytotoxic T calls and induces regression of some metastasis in advanced
stage IV melanoma. J Exp Med 1999; 190: 1669–78.

7. Lee K, Wang E, Nielsen M, Wunderrilich J, Migueles S, Connors M,
Steinberg SM, Rosenberg SA, Marincola FM. Increased vaccine-specific T
cell frequency after peptide-based vaccination correlates with increased sus-
ceptibility to in vitro stimulation but does not lead to tumor regression. J Im-
munol 1999; 163: 6292–300.

8. Fong L, Engleman EG. Dendritic cells in cancer immunotherapy. Annu Rev
Immunol 2000; 18: 245–73.

9. Bennett SR, Carbone FR, Karamalis F, Fravell RA, Miller JFAP, Heath WR.
Help for cytotoxic T cell responses is mediated by CD40 signaling. Nature
1998; 393: 478–80.

10. Schoenberger SP, Toes RE, van der Voort EI, Offringa R, Melief CJ. T cell
help for cytotoxic T lymphocytes is mediated by CD40-CD40L interactions.
Nature 1998; 393: 480–3.

11. Cella M, Salio M, Sakakibara Y, Langen H, Julkunen I, Lanzavecchia A.
Maturation, activation, and protection of dendritic cells induced by double-
stranded RNA. J Exp Med 1999; 182: 821–9.

12. Strayer DR, Carter WA, Brodsky I, Cheney P, Peterson D, Salvato P,
Thompson C, Loveless M, Shapiro DE, Elsasser W. A controlled clinical
trial with a specifically configured RNA drug, poly(I):poly(C) 12 U, in
chronic fatigue syndrome. Clin Infect Dis 1994; 18: S88–95.

13. Reddy A, Sapp M, Feldman M, Subklewe M, Bhardwaj N. A monocytes
conditioned medium is more effective than defined cytokines mediating the
terminal maturation of human dendritic cells. Blood 1997; 90: 3640–6.

14. Jonuleit H, Kuhn U, Muller G, Steinbrink K, Paragnik L, Schmitt E, Knop J,
Enk AH. Pro-inflammatory cytokines and prostaglandins induce maturation
of potent immuno-stimulatory dendritic cells under fetal calf serum-free con-
ditions. Eur J Immunol 1997; 27: 3135–42.

15. Nakahara S, Tsunoda T, Baba T, Asabe S, Tahara H. Dendritic cells stimu-
lated with a bacterial product, OK-432, efficiently induce cytotoxic T lym-
phocytes specific to tumor rejection peptide. Cancer Res 2003; 63: 4112–8.

16. Okamoto H, Shin J, Mion S, Koshimura S, Shimizu R. Studies on the anti-
cancer and streptolysin S-forming abilities of hemolytic streptococci. Jpn J
Microbiol 1967; 11: 323–36.

17. Thurner B, Roder C, Dickmann D, Heuer M, Kruse M, Slaser A,
Keikavoussi P, Kampgen E, Bender A, Schuler G. Generation of large num-
bers of fully mature and stable dendritic cells from leukapheresis products
for clinical apprication. J Immunol Methods 1999; 223: 1–15.

18. Feuerstein B, Berger TG, Maczek C, Roder C, Schreiner D, Hirsch U,
Haendle I, Leisgang W, Glaser A, Kuss O, Diegen TL, Schuler G, Schuler-
Thurner B. A method for the production of cryopreserved aliquots of anti-
gen-preloaded, mature dendritic cells ready for clinical use. J Immunol Meth-
ods 2000; 245: 15–29.

19. Romani N, Reider D, Heuer M, Ebner S, Kampgen E, Eibi B, Niederwieser
D, Schuler G. Generation of mature dendritic cells from human blood. An
improved method with special regard to clinical applicability. J Immunol
Methods 1996; 196: 137–51.

20. Hirao M, Onai N, Hiroishi K, Watkins SC, Matsushima K, Robbins PD,
Lotze MT, Tahara H. CC chemokine receptor-7 on dendritic cells is induced
after interaction with apoptopic tumor cells: critical role in migration from
the tumor site to draining lymph nodes. Cancer Res 2000; 60: 2209–17.

21. Luft T, Jefford M, Luetjens P, Toy T, Hochrei H, Masterman KA,
Maliszewski C, Shortman K, Cebon J, Maraskovsky E. Functional distinct
dendritic cell (DC) populations induced by physiologic stimuli: prostaglan-
din E2 regulates the migratory capacity of specific DC subsets. Blood 2002;
100: 1362–72.

22. Scandella E, Men Y, Gillessen S, Forster R, Groettrup M. Pristaglandin E2 is
a key factor CCR7 surface expression and migration of monocytes-derived
dendritic cells. Blood 2002; 100: 1354–61.

23. Lodge PA, Jones LA, Bader RA, Murphy GP, Salgaller ML. Dendritic
cell-based immunotherapy of prostate cancer: immune monitoring of a phase
II clinical trial. Cancer Res 2000; 60: 829–33.

24. Murphy GP, Tojoa BA, Simmons SJ, Jarisch J, Bowes VA, Ragde H, Rogers
M, Elgamal A, Kenny GM, Cobb OE, Ireton RC, Troychak MJ, Salgaller
ML, Boynton AL. Infusion of dendritic cells pulsed with HLA-A2-specific
prostate-specific membrane antigen peptides: a phase 2 prostate cancer vac-
cine trail involving patients with hormone-refractory metastatic disease.
Prostate 1999; 38: 73–8.

25. Dhodapkar MV, Steinmen RM, Krasovsky J, Munz M, Bhardwaj N. Anti-
gen-specific inhibition of effector T cell function in humans after injection of
immature dendritic cells. J Exp Med 2001; 193: 233–8.

26. Toyokawa H, Inaba M, Takai S, Satoi S, Beuth J, Ko HL, Matsui Y, Kwon
AH, Kamiyama Y, Ikehara S. Enhancement of circulating dendritic cell ac-
tivity by immunomodulators (OK-432 and KP-40). Anticancer Res 2002; 22:
2137–45.

27. Pasare C, Medzhitov R. Toll pathway-dependent blockade of CD4+ CD25+
Sato et al. Cancer Sci | December 2003 | vol. 94 | no. 12 | 1097



00274.fm  Page 1098  Friday, December 5, 2003  6:51 PM
T cell-mediated suppression by dendritic cells. Science 2003; 299: 1033–6.
28. Forster R, Schubel A, Brerifeld D, Kremmer E, Renner-Muller I, Wolf E,

Lipp M. CCR7 coordinates the primary immune response by establishing
functional microenvironments in secondary lymphoid organs. Cell 1999; 99:
23–33.

29. Cyster JG. Chemokines and the homing of dendritic cells to the T cell areas
of lymphoid organs. J Exp Med 1999; 189: 447–50.

30. Dieu MC, Vanbervliet B, Vicari A, Bridon JM, Oldham E, Ait-Yahia S,
Briere F, Zlotnik A, Lebecque S, Caux C. Selective recruitment of immature
and mature dendritic cells by distinct chemokines expressed in different ana-
tomic site. J Exp Med 1998; 188: 373–86.

31. Sallusto F, Palermo B, Lenig D, Mittinen M, Matikainen S, Julkunen I,
Forster R, Burgstahler R, Lipp M, Lanzavecchia A. Distinct pattern and ki-

netics of chemokine production regulate dendritic cell function. Eur J Immu-
nol 1999; 29: 1617–25.

32. Yanagihara S, Komura E, Nagafue J, Watarai H, Yamaguchi Y. ERI1/CCR7
is new member of dendritic cell chemokine receptor that is up-regulated
upon maturation. J Immunol 1998; 161: 3096–102.

33. Kalinski P, Vieria PL, Schuitemaker JH, de Jong EC, Kapsenberg ML. Pros-
taglandin E2 is a selective inducer of interleukin-12p40 (IL-12p40) produc-
tion and an inhibitor of bioactive IL-12p70 heterodimer. Blood 2001; 97:
3446–49.

34. Steinbrink K, Paragnik L, Jonuleit H, Tuting T, Knop J, Enk AH. Induction
of dendritic cell maturation and modulation of dendritic cell-induced im-
mune responses by prostaglandins. Arch Dermatol Res 2000; 292: 437–45.
1098 Sato et al.


	Generation of mature dendritic cells fully capable of T helper type 1 polarization using OK-432 c...
	�Marimo �Sato, �Takuya �Takayama, �Hiroaki �Tanaka, �Juichiro �Konishi, �Toshihiro �Suzuki, �Teru...
	Department of Surgery and Bioengineering, Advanced Clinical Research Center, Institute of Medical...
	Materials and Methods
	Results
	Discussion




