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Abstract Purpose: Dendritic cells (DCs) play an impor-
tant role in the host’s immunosurveillance against can-
cer. It has been shown that the function of DCs is
impaired and their population decreased in a cancer-
bearing host. In the present study, we investigated the
mechanism of down-regulation of DCs in a cancer-
bearing host.

Methods: We evaluated the relationship between DC
infiltration and production of vascular endothelial growth
factor (VEGF) in carcinoma tissue by immunohisto-
chemistry. Furthermore, functional and phenotypical
alterations of DCs were evaluated when monocyte-
derived, mature DCs were treated with VEGF in vitro.
Monocyte-derived DCs were generated in a culture of
monocyte with interleukin 4 (IL-4) and granulocyte-
macrophage colony-stimulating factor, and the matura-
tion of DCs was induced by either lipopolysaccharide
(LPS) or a proinflammatory cytokine cocktail: tumor-
necrosis factor o, prostaglandin E,, IL-6, and IL-1p.
Results: A significant inverse correlation was found be-
tween the density of DCs and the quantity of VEGF
production in gastric carcinoma tissue (r=-0.39,
p<0.05). In LPS-induced maturation, the ability of ma-
ture DCs to stimulate allogenic T cells and produce IL-12
(p70 heterodimer) was suppressed by the addition of
VEGF in a dose-dependent manner. A lesser expression of
costimulatory molecules (CD80 and CD86) was seen in
DCs treated with exogenous VEGF than in DCs not
treated with VEGF. The population of dead DCs (early
and late apoptosis) treated with VEGF increased more
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than that without VEGF treatment, using the annexin V
and propidium iodide evaluation in DCs matured by LPS.
In contrast, in DCs matured by the proinflammatory cy-
tokine cocktail, the down-regulation of costimulatory
molecules and induction of DC apoptosis was not seen.
Conclusions: These findings show that the inhibition of
DC maturation by VEGF differs depending on the ma-
turation status of the DCs.
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Abbreviations 4 PC antigen-presenting cells - DC
dendritic cells -+ ELISA enzyme-linked immunosorbent
assay + FACS fluorescence-activated cell sorter - FCS
fetal calf serum - FITC fluorescein isothiocyanate
GM-CSF granulocyte-macrophage colony-stimulating
factor - HLA human leukocyte antigen - /L interleukin -
LPS lipopolysaccharide - mAb monoclonal antibody -
MHC major histocompatibility complex - PBS
phosphate-buffered saline - PCNA proliferative cell
nuclear antigen - PE phycoerythrin - PG prostaglandin
PI propidium iodide - TNF tumor-necrosis factor -
VEGF vascular endothelial growth factor

Introduction

Dendritic cells (DCs), which are the most potent APCs,
play an important role in the host’s immunosurveillance
against cancer. The impaired function of DCs in cancer-
bearing hosts has been reported by many investigators.
DCs failed to present tumor-specific antigen [1, 2] and
transfer it to the na T cells in patients with advanced stage
cancer [2]. Simultaneously, a reduced expression of B7
molecules in tumor-infiltrating DCs was shown [1]. Enk
et al. [3] showed that DCs acted as the mediator for tumor
progression in a metastatic melanoma patient, resulting
from the decreased function of DCs. Moreover, not only
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the defective function of DCs but also their population
was related to prognosis in cancer patients. Almand et al.
[4] demonstrated that the number of peripheral blood
DCs in a tumor-bearing patient significantly decreased.
Tsujitani et al. [5] showed that the population of infil-
trating DCs was significantly related to poor prognosis in
stage I1I gastric cancer patients. Similar conclusions were
seen in patients with lung cancer [6], colon cancer [7],
esophageal cancer [8], and carcinoma of the uterine cervix
[9]. Thus, the function of DCs was impaired and their
populations were down-regulated in cancer patients.

VEGF, which serves as a mitogen for the endothe-
lium in vitro [10] and an angiogenic factor in vivo [11], is
produced by most cancer cells. VEGF produced by tu-
mors was reported to be associated with poor prognosis
in osteosarcoma [12], gastric cancer [13], and lung cancer
[14]. Saito et al. [13] demonstrated that there was an
inverse correlation between the density of DCs and the
expression of VEGF, suggesting that VEGF inhibits DC
function in the tumor microenvironment. It was re-
ported that VEGF inhibited the functional maturation
of immature DCs [15, 16, 17]. Ishida et al. [18] showed
that the blockade of VEGF by anti-VEGF neutralizing
antibody recovered the function of DCs. Thus, the
inhibition of DC maturation by VEGF is one of the
important events when the tumor burden alters
the function of DCs, but the mechanism which down-
regulates the DC function remains unclear.

In the present study, firstly, we performed immuno-
histochemical staining for DCs and VEGF in serial
sections of gastric cancer tissue. We showed that there
was a significant inverse correlation between the density
of DCs and the expression of VEGF, suggesting that the
tumor burden affected the infiltration of DCs through
the production of VEGF. Secondly, to assess the effect
of VEGF against DCs, monocyte-derived DCs were
treated with VEGF in vitro. We demonstrated that
VEGF inhibited LPS-induced maturation of DCs with
down-regulation of costimulatory molecules and induc-
tion of apoptosis, but did not inhibit the DC maturation
induced by a proinflammatory cytokine cocktail (TNF-
o, PGE,, IL-6, and IL-1p).

Materials and methods

Patients

Sixty-five constitutive patients were enrolled in this study. All the
patients underwent gastrectomy for pathological diagnosis of
adenocarcinoma of the stomach in our University Hospital from
1993 to 1994. Informed consent was obtained from all the enrolled
patients. Clinicopathological characteristics were described as fol-
lows. The patients were 56.8 + 24.3 years old (mean £+ SD). Of
the patients, 44 were men, and 21 were women. The mean tumor
size was 5.0 = 5.7 cm. Lymph node metastasis was seen in 19
patients and there was peritoneal dissemination in 3 patients.
Twenty tumors had lymphatic vessel invasion, and 8 tumors had
blood vessel invasion. The tumor-nodes-metastasis (TNM) classi-
fication of the International Union Against Cancer was used to
classify these tumors. Forty-six tumors belonged to stage I, three
were stage 11, ten were stage III, and six tumors were stage IV.

Evaluation of DCs density and VEGF production in gastric
carcinoma

To detect tumor-infiltrating DCs and VEGF produced by tumor
cells, polyclonal anti-S100 protein antibody (Nichirei, Tokyo, Ja-
pan) and anti-VEGF monoclonal antibody (Santa Cruz Biotech-
nology, Santa Cruz, CA) were used for immunohistochemistry as
previously described [5, 13, 19]. Polyclonal anti-S100 protein anti-
body was diluted 1:100 in PBS, and anti-VEGF monoclonal anti-
body, which reacts with the 165, 189, and 121 amino acid splice
variants of VEGF of human origin, was diluted 1:100 in PBS.
Four-micrometer serial sections of formalin-fixed, paraffin-
embedded tumor block were cut, and the tissues were deparaffi-
nized with xylene and treated with concentrated ethanol several
times. Thereafter, the serial sections were heated by microwave
oven for the purpose of antigen retrieval. After washing in PBS, the
sections were incubated with hydrogen peroxide to block the
endogenous peroxidase activity. The serial sections were then
incubated overnight at 4°C with either polyclonal anti-S100 protein
antibody or anti-VEGF monoclonal antibody. As a negative con-
trol, normal mouse serum was used without primary antibody. The
sections were incubated with EnVision labeled polymer reagent
(Dako, Copenhagen, Denmark) according to the manufacturer’s
recommendation. This polymer reagent is a peroxidase-labeled
polymer conjugated to goat antirabbit and goat antimouse immu-
noglobulins in a Tris-HCI buffer containing carrier protein and an
antimicrobial agent. Diaminobenzidine was then used as a chro-
mogen, and the sections were counterstained with hematoxylin.
The positive cells were counted by light microscopy (Olympus,
Tokyo, Japan).

The population of DCs positive for S100 protein in each cancer
cell nest and adjacent mucosa were counted as described previously
[5, 13]. The density of DCs was divided into two groups by the
average number of DCs in five randomly selected areas at x200
magnification: the high-density group (more than 20 positive cells)
and the low-density group (0-19 positive cells). The population of
VEGF-producing cells in the carcinoma cells was counted in five
randomly selected areas at X200 magnification and also divided
into two groups: the expressed group (more than 10 positive cells)
and the nonexpressed group (0-9 positive cells).

Generation of monocyte-derived DCs

Peripheral blood monocytes were isolated from the peripheral
whole blood of healthy donors by means of centrifugation by Fi-
coll-Paque density gradient (Pharmacia, Uppsala, Sweden) after
being incubated with RosetteSep antibody cocktail for monocytes
(StemCell Technologies, Vancouver, Canada). RosetteSep anti-
body cocktail purified from mouse ascites fluid or hybridoma cul-
ture supernatant was bound in bispecific antibody complexes which
are directed against cell surface antigens on human hematopoietic
cells (CD2, CD3, CD8, CD19, CD56, and CD66b) and glycophorin
A on red blood cells. Unwanted cells which adhered to red blood
cells and the desired cells were separated on a Ficoll-Paque density
gradient. Monocytes (1.0x10° cells/ml), resulting in more than 90%
monocyte purity confirmed by flow cytometry using anti-CD14
monoclonal antibodies (Dako) were incubated in 6-well plates
(Nunc, Roskilde, Denmark) with 500 U/ml GM-CSF and 500 U/
ml IL-4 (Peprotech EC, London, UK) in complete culture medium,
which contained RPMI 1640 (Life Technologies, Gaithersburg,
MD) supplemented with 10% FCS, 29.2 mg/ml glutamine,
10,000 U/ml penicillin and 10,000 pg/ml streptomycin (Life Tech-
nologies) for 5 days. To mature the monocyte-derived DCs, we
used LPS or a proinflammatory cytokine cocktail: TNF-o, PGE,,
IL-6, and IL-1pas described in a previous report [20, 21] with some
modifications. Either 50 ng/ml of LPS (Sigma, St. Louis, MO) or
proinflammatory cytokine cocktail (10 ng/ml IL-1f4, 1,000 U/ml
IL-6, 10 ng/ml TNF-«, and 1 pg/ml PGE,) was added to the wells
on day 5 of culture and incubated for 2 days in the presence or
absence of VEGF. The cells were then collected and subjected to
experiments.



Quantitation of IL-12 secretion from DCs by ELISA

To evaluate the ability of DCs to produce bioactive 1L-12 (p70
heterodimer) in the presence of various concentrations of VEGF
ligands, the DC-culture medium at day 7 was determined using the
standard sandwich ELISA technique with the Quantikine human
IL-12 immunoassay (R&D Systems, Minneapolis, MN) according
to the manufacturer’s recommendation.

Allogenic mixed lymphocyte reaction (MLR)

To evaluate the abilitg/ of DCs to stimulate the proliferation of
allogenic T cells, 1x10” allogenic T cells were coincubated in trip-
licate with irradiated (20 Gy) DCs at various ratios in 96-well
U-bottom plates (Nunc). After a 60-h incubation, 1 uCi of
[3H]thymidine (Moravek Biochemicals, Brea, CA) was added to
each well. The cells were harvested after 16 h and thymidine
incorporation was measured in counts per minute (cpm).

Phenotypical analysis of DCs

Phenotypical analysis of DCs was performed using mAbs by FACS
Calibur (Becton Dickinson). We used mAbs against CD83 (R-PE
conjugated), CD80 (FITC conjugated; both from BD PharMin-
gen); CD86 (FITC conjugated), MHC class I (HLA-ABC), HLA-
DR (all three from Dako, Glostrup, Denmark); and VEGF
receptor 2, Flk-1 (SantaCruz). Unlabeled mAbs were visualized
using FITC-conjugated immunoglobulins (Dako).

Detection of apoptosis in DCs

To evaluate the influence of VEGF with regard to apoptosis in
DCs, we measured the rate of apoptosis in DCs under various
concentrations of VEGF ligand by flow cytometry. The procedure
to measure apoptosis was described in our previous report [22]. In
brief, apoptosis in DCs was measured by staining with FITC-
conjugated annexin V and propidium iodide (PI) using a MEB-
CYTO Apoptosis Kit (MBL, Nagoya, Japan) according to the
manufacturer’s recommendations.

Statistics

The correlation between the density of DCs and the expression of
VEGF was analyzed by Spearman rank correlation coefficient.
Differences between the two groups were compared by Student’s
t-test. Significant differences were established when p <0.05.

Results

In vivo analysis of the density of DCs and the expression
of VEGF in gastric carcinoma tissue

To evaluate the density of DCs and the expression of
VEGTF in gastric cancer tissue, we performed immuno-
histochemical staining using the polyclonal anti-S100
protein antibody for DCs, and the anti-VEGF mono-
clonal antibody for VEGF. We assessed the correlation
between the density of DCs and the quantity of VEGF
production by Spearman rank correlation coefficient. A
significant inverse correlation was found between the
density of DCs and the quantity of VEGF production
(r=-0.39, p<0.05; Fig. 1), suggesting that VEGF pro-
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Fig. 1 Correlation between DC density and VEGF expression. The
density of DCs and the quantity of VEGF expression were
immunohistochemically evaluated. A significant inverse correlation
was found between the density of DCs and the quantity of VEGF
production analyzed by Spearman correlation coefficient
(r=-0.39, p<0.05)

duced by carcinoma tissue may affect the infiltration of
DCs.

Effect of VEGF on the functioning of maturated DCs

To evaluate the effect of VEGF on the functioning of
DCs, monocyte-derived DCs were matured in either
LPS or proinflammatory cytokine cocktail in the pres-
ence of VEGF in vitro. The ability of DCs to produce
IL-12 (p70 heterodimer) and to stimulate allogenic T
cells was evaluated. The production of IL-12 by DCs
untreated with LPS was clearly lower than that by DCs
treated with LPS (Fig. 2B). Treatment with VEGF
down-regulated the production of IL-12 from LPS-in-
duced DCs in a dose-dependent manner (5 ng/ml, 10 ng/
ml, and 20 ng/ml; Fig. 2B). It was suggested that the
ability of DCs to produce IL-12 (p70 heterodimer) was
inhibited by the addition of VEGF ligand when DCs
were matured with LPS. In contrast, no significant effect
of the addition of VEGF was seen in the IL-12 pro-
duction from DCs matured by proinflammatory cyto-
kine cocktail (Fig. 2A). Furthermore in MLR at a DC
to T cell ratio of 1:50, the proliferation of allogenic T
cells by DCs untreated with LPS was significantly lower
than that of DCs treated with LPS (p <0.01; Fig. 3B).
Moreover, the ability of LPS-matured DCs to stimulate
allogenic T cells was inhibited by the addition of VEGF
in a dose-dependent manner (5 ng/ml, 10 ng/ml, and
20 ng/ml; Fig. 3B), while the ability of DCs matured
by proinflammatory cytokine cocktail was not inhi-
bited (Fig. 3A). Furthermore, the VEGF-induced DC
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Fig. 2A,B 1L-12 (p70 heterodimer) production in the cultured
supernatant of DCs. Maturation of monocyte-derived DCs was
induced by either LPS or proinflammatory cytokine cocktail in the
presence or absence of VEGF. The contents of IL-12 (p70
heterodimer) in the cultured supernatant of DCs were determined
by ELISA and expressed as pg/ml. The ability of DCs cultured with
LPS to produce IL-12 was inhibited by the addition of VEGF
ligand in a dose-dependent manner (5 ng/ml, 10 ng/ml, and 20 ng/
ml; B). In contrast, the effect of the addition of VEGF was not
significantly seen in the IL-12 production from DCs matured by
proinflammatory cytokine cocktails (A)

inability to stimulate allogenic T cells was observed at
various DC to T cell ratios in LPS-matured DCs (Fig. 4A),
but not in cytokine cocktail-induced DCs (Fig. 4B).
These observations indicated that VEGF inhibited the

Fig. 3A,B Allogenic T-cell response by DCs. Maturation of
monocyte-derived DCs was induced by either LPS or cytokine
cocktail in the presence or absence of VEGF. Allogenic T cells
(1x10%) were coincubated with irradiated (20 Gy) DCs (2x10%) in
96-well U-bottom plates, and thymidine incorporation was
expressed in cpm. The ability of DCs matured by LPS to stimulate
allo-T cells was inhibited by the addition of VEGF ligand in a dose-
dependent manner (5 ng/ml, 10 ng/ml, and 20 ng/ml; B). However,
the ability of DCs matured by proinflammatory cytokine cocktail
was not suppressed by the addition of VEGF (A)
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functional maturation of DCs in the case of maturation
by LPS, but not in the case of maturation by proin-
flammatory cytokine cocktail. Since the function of DCs
was obviously suppressed by the addition of 20 ng/ml of
VEGTF ligand in vitro, we performed the following study
under this condition (VEGF concentration 20 ng/ml).

Phenotypical analysis of maturated DCs
by the addition of VEGF

To explain the above-mentioned phenomena, we exam-
ined the phenotypical change in DCs by the VEGF
treatment. Phenotypical analysis was as follows
(Fig. 5A, B): the expressions of CD80, CD83, CDS6,
HLA-DR, and MHC class I on DCs matured with LPS
(50 ng/ml) increased more than those on DCs untreated
with LPS (Fig. 5A, B), indicating that LPS phenotypi-
cally induced the matured type of DCs. In costimulatory
molecules (CD80 and CD86), the expression of these
molecules on DCs treated with LPS plus VEGF (20 ng/
ml) decreased more than that on DCs treated with LPS.
In contrast, the expressions of the other molecules
(CD83, HLA-DR, and MHC class I) on DCs treated
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Fig. 4A,B Allogenic T-cell response by DCs at various ratios.
Maturation of monocyte-derived DCs was induced by either LPS
or cytokine cocktail in the presence or absence of VEGF (20 ng/
ml). Irradiated (20 Gsy) DCs were added at various ratios to
allogenic T cells (1x10°) in 96-well U-bottom plates, and thymidine
incorporation was expressed in cpm. The ability of DCs matured
by LPS to stimulate allo-T cells was inhibited by the addition of
VEGF (A), while the ability of DCs matured by proinflammatory
cytokine cocktail was not suppressed by the addition of VEGF (B)

with LPS were as high as those on DCs treated with LPS
plus VEGF. Increased expressions of CD80, CD83, and
CD86 on DCs treated with proinflammatory cytokine
cocktail were also seen in comparison with DCs un-
treated by cytokine cocktail (Fig. 6). However, the
expression of costimulatory molecules on DCs matured
by the proinflammatory cytokine cocktail was not
changed by the VEGF addition. In short, these results
indicated that VEGF inhibited the LPS-induced matu-
ration of DCs with regards to costimulatory molecules
(e.g., CD80 and CD86) but did not inhibit those on DCs
matured by proinflammatory cytokine cocktail.

Apoptosis of matured DCs induced by VEGF

To assess the DC death induced by the addition of
VEGTF ligand, DC death was evaluated using annexin V
and propidium iodide (PI). The population in the right
half, of DCs cultured with LPS plus 20 ng/ml of VEGF
ligand, which means early apoptosis, late apoptosis, and
necrosis, was obviously greater than that of DCs treated
with LPS without VEGF ligand (Fig. 7A, B). These re-
sults suggested that VEGF induced DC death. As shown
in Fig. 7C, D, the population in the right half, of DCs
cultured with proinflammatory cytokine cocktail with or
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without VEGF ligand was almost the same proportion.
These results suggested that VEGF did not induce death
of DCs matured by proinflammatory cytokine cocktail,
in contrast to the case with LPS maturation. Thus, the
inhibition of DC maturation by VEGF was different
depending on the maturation status of DCs.

Expression of Flk-1 on DCs

It has been shown that VEGF receptor 1, Flt-1, was
abundantly expressed on the surface of immature DCs.
We further analyzed the expression of VEGF receptor 2,
Flk-1, on DCs. As expected, the VEGF receptor 2, Flk-
1, was expressed on immature DCs and the expression
was down-regulated on mature DCs (Fig. 8).

Discussion

In the present study, we showed, firstly, that there was
an inverse correlation between the quantity of VEGF
production and DC infiltration in gastric cancer tissue.
Secondly, VEGF ligand inhibited the maturation of DCs
induced by LPS, e.g., in (1) down-regulation of the co-
stimulatory molecules on DCs, (2) decreased IL-12 (p70
heterodimer) production, and (3) impaired ability to
induce the proliferation of allogenic T cells. Moreover,
DC death (early and late apoptosis) was induced by the
addition of VEGF ligand. However, this VEGF-induced
phenomenon on DCs was not seen in the case of mat-
uration by the proinflammatory cytokine cocktail.

It has been reported that DCs play a pivotal role in
the host’s anticancer immune response. Tsujitani et al.
[23] showed that the number of DCs reflected the local
immune response. Actually, the population of peripheral
blood DCs in breast cancer patients was reduced and the
function of DCs in these patients failed [4]. Machara
et al. [24] showed that the expression of PCNA in tu-
mors, which means tumor growth potential, was in-
versely related to the population of DCs in advanced
gastric cancer. We demonstrated that there was signifi-
cant inverse correlation between the quantity of VEGF
production and the population of DC infiltration in
patients with gastric cancer. These observations sup-
ported the fact that VEGF may affect the distribution of
DCs in the tumor microenvironment.

To further investigate the alteration of DCs induced
by VEGF, we established an in vitro model, where
maturation of monocyte-derived DCs was induced by
either LPS or a proinflammatory cytokine cocktail in the
presence or absence of VEGF. It was confirmed that
mature DCs induced by LPS without VEGF treatment
were more dendritic than DCs induced by LPS with
VEGF treatment phenotypically and the functioning
(e.g., allo-MLR and IL-12 production) of DCs under
this condition was also impaired, in line with previous
reports that VEGF inhibited the functional maturation
of DCs [15, 16, 17]. Oyama et al. [17] showed that the



548

Fig. 5A,B Phenotypical
analysis of DCs matured by
LPS. Maturation of monocyte-
derived DCs was induced by
LPS in the presence or absence
of VEGF. Representative flow
cytometric data are shown in

molecules (CD86 and CD80; A)

and other molecules (CDS§3,
HLA-DR, and MHC class I; B)
on DCs. Less expression of
costimulatory molecules was
seen in DCs treated with LPS 21
plus the exogenous VEGF
ligand, but the expression of
phenotypical antigens, HLA-
DR, MHC class I, and CDS83,
on DCs treated with LPS plus
VEGTF ligand was unchanged.
Representative data from three

the expression of costimulatory A
o
R

independent experiments are
shown. DCs untreated with
LPS (bold line), DCs treated

with LPS (thin line), DCs

treated with LPS in the presence
of VEGF (dotted line). MFI 27
mean fluorescence intensity

blockade of nuclear factor-xB activation of DCs by
VEGF inhibited the maturation of DCs. It was dem-
onstrated that the blockade of VEGF using an anti-
VEGF neutralizing antibody recovered the function of
DCs [18]. Considering our previous results, VEGF
inhibits the LPS-induced maturation of DCs phenotyp-
ically and functionally.

In new findings, we showed that costimulatory mol-
ecules (CD80 and CD86) on DCs matured by LPS, but
not other molecules (CD83 and HLA-DR), were down-
regulated by the treatment with VEGF. It is likely that
down-regulation of costimulatory molecules is one of
the mechanisms by which functional maturation of DCs
was inhibited by VEGF. Also, this observation is con-
sistent with the in vivo phenomenon of reduced
expression of B7 molecules in tumor-infiltrating DCs [1].
Moreover, for the first time, we showed that VEGF in-
duced DC death (early and late apoptosis). Recently, it
was also reported that tumor culture supernatant
inhibited the maturation and function of DCs, and the
tumor supernatant induced apoptosis of monocyte-de-
rived DCs [25]. Most cancer cells are well-known for
producing VEGF. It is possible that VEGF produced by
tumors induces DC apoptosis. This observation may
point to one of the mechanisms to explain the in vivo
results that there was an inverse correlation between the
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VEGEF expression and the population of DCs in gastric
cancer tissue.

Interestingly, we showed that DCs matured by pro-
inflammatory cytokine cocktail did not show the down-
regulation of the costimulatory molecules and the
increased population of DC death when treated with
VEGF, in contrast to the DCs matured by LPS. As an
explanation of this discrepancy, it is likely that the
maturation status of DCs was different between the
stimulation conditions. Regarding the maturation mar-
ker, CD83 expression on DCs, DCs matured by proin-
flammatory cytokine cocktail were more matured than
those by LPS. This observation suggested that the dif-
ference in sensitivity for VEGF treatment may depend
on the difference of maturation status on DCs. The use
of ex vivo manipulated DC to overcome the impaired
APC function in a cancer-bearing host is the rationale
behind immunotherapy using DCs. Since VEGF was
produced in most cancer cells, the use of strongly ma-
tured DCs may be preferable because of the resistance
against VEGF derived from the tumor. Alternatively,
blockade of VEGF signaling by novel agents such as
antibodies may improve the function of antigen pre-
sentation on DCs.

It was reported that the VEGF receptor, Flt-1, was
abundantly expressed on the surface of immature DCs
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Fig. 6 Phenotypical analysis of DCs matured by proinflammatory
cytokine cocktail. Maturation of monocyte-derived DCs was
induced by cytokine cocktail in the presence or absence of VEGF.
Representative flow cytometric data are shown in the expression of
phenotypical antigens (CD86, CD80, and CD83) on DCs from
three independent experiments. DCs untreated with proinflamma-
tory cytokine cocktail (thin line), DCs treated with proinflamma-
tory cytokine cocktail (bold line), DCs treated with
proinflammatory cytokine cocktail in the presence of VEGF
(dotted line)

and the receptor was down-regulated when DCs ma-
tured [26]. In this study, we showed that the expression
of Flk-1, which is another type of VEGF receptor, on
matured DCs was down-regulated in comparison with
immature DCs. The differential effects of VEGF on
maturation of DCs between stimulants may contribute
to the quantitative and functional difference of the
VEGTF receptor on DCs.

In conclusion, in the present study, VEGF inhibited
the maturation of DCs induced by LPS with down-
regulated expression of costimulatory molecules and
increased DC apoptosis. However, this phenomenon
was not seen in the case of DCs matured by proin-
flammatory cytokine cocktail. To develop the treatment
of cancer, and immunotherapy in particular, it is
important to understand VEGF regulation against the
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Fig. 8 Flk-1 expression of DCs. The expression of VEGF receptor
(FIk-1) on matured DCs was down-regulated in comparison to that
on immature DCs

immune system in cancer-bearing hosts and to develop a
strategy for VEGF production in the tumor microenvi-
ronment.
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