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• GASTRIC CANCER •

Antitumor effects of vaccine consisting of dendritic cells pulsed
with tumor RNA from gastric cancer
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Abstract
AIM: To investigate the immunotherapeutic potential of
vaccine consisting of dendritic cells (DCs) pulsed with total
RNA from MFC gastric cancer cells.

METHODS: DCs were prepared from the spleens of strain
615 mice by magnetic cell sorting (MACS). After culture for
24 h, DCs were pulsed with total RNA from MFC gastric cancer
cells. Mice of one group were immunized with tumor RNA
pulsed DC (RNA/DC) at the dosage of 1×106 on d 14 and 7
by s c inoculation before tumor implantation. Mice of another
group were immunized with unpulsed DC (UDC) at the same
dosage on days as the RNA/DC group. The third group of
control mice was untreated. On d 0, all the mice were
challenged with s c injections of 5×105 MFC gastric cancer
cells. After inoculation, the mice were monitored closely with
respect to tumor growth. Activities of NK cells in PBL and
splenocytes and CTL were tested.

RESULTS: On d 21 after tumor cell inoculation, the mice
of control group manifested the largest tumors with volume
at a mean of 2.6323±1.1435 cm3, followed by the UDC and
RNA/DC groups with mean volumes at 0.7536±0.3659 cm3

and 0.3688±0.6571 cm3, respectively. The activities of NK
cells in PBL and splenocytes in RNA/DC group were 66.2%
and 65.4%, respectively, higher than that in the control
group. The tumor specific CTL activity in RNA/DC group
was 49.5%, higher than that in the control group.

CONCLUSION: The tumor vaccine with DCs pulsed with
total RNA from gastric cancer cells possesses the ability to
stimulate tumor specific CTL activity and to establish anti-
tumor immunity when administered in vivo.
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INTRODUCTION
T cells, in particular CD8+ cytotoxic T lymphocytes (CTLs),

are regarded as the principal effectors of anti-tumor immunity.
Several studies have demonstrated that tumor-specific CTL
can be induced to recognize peptide epitopes presented on the
tumor cell surface in the context of MHC class I molecules.
Tumors, however, have evolved various mechanisms to escape
from host immune surveillance, such as loss of class I or
antigen variants, secretion of immuno-suppressive agents, or
development of antigen-specific T cell clonally anergy due to
lack of co-stimulation[1].
      The dendritic cell (DC) system of antigen-presenting cells
(APCs), is the initiator and modulator of immune response[2].
DCs are efficient stimulators of B and T lymphocytes. DCs
have been known to be highly specialized antigen-presenting
cells and principal activators of resting or naive T cells in vitro
and in vivo, capable of efficiently transporting antigens[3].
     Immature DCs are capable of capturing and processing
antigens extensively, they are also able to internalize apoptotic
cells by binding to them via adhesion molecules[4]. After the
uptake and processing of antigens, DCs leave peripheral tissues
and migrate to lymphoid organs in order to present antigens
to T lymphocytes. In lymph nodes, DCs form clusters with T
lymphocytes by means of various adhesion molecules, in
particular CD54(ICAM-1), CD102(ICAM-3) and CD58
(LFA-3), that are highly expressed by activated DCs[5]. The
DC/T cell interaction is stabilized by the specific ligation of T
cell receptors (TCR) of the MHC-peptide complex, which
delivers the first activation signal to T lymphocytes. The
second costimulatory signal is absolutely necessary to allow
T cell activation and proliferation. This signal is mediated
by the interaction of CD80(B7-1) and CD86(B7-2), both of
which present on DC, with T cell CD28. Expression of a
large amount of MHC costimulatory molecules and
production of IL-12 by mature DCs turn them into very potent
professional APCs[6]. DCs pulsed with tumor antigen can
induce specific CTL activity[7].
      The aim of the present study was to investigate the ability
of DC pulsed with tumor RNA to stimulate specific CTL
reaction and the potential usefulness of DC-based vaccines
for the treatment of cancer patients.

MATERIALS AND METHODS

Mice and cell line
Seven to eight wk-old strain 615 mice (H-2Kk) used in these
experiments, were obtained from the Chinese Academy of
Medical Sciences (Beijing, China). The murine gastric
carcinoma cell line MFC derived from strain 615 mouse was
provided by the Chinese Academy of Medical Sciences. MFC
was cultured in MPRI-1640 medium containing 100 g/L FCS.

Isolation of dendritic cells from mouse spleen
Spleen cells were prepared and treated with collagenase D.
Splenocytes were labeled with mouse CD11C+ DC MicroBeads
(MACS, Miltenyi Biotec) according to the manufacturer’s
manual. In brief, 108 splenocytes were resuspended in 400 µL
buffer and 100 µL of MACS CD11c MicroBeads was added.
After thoroughly mixed, the splenocytes were incubated for



15 min at 6-12 , followed by a wash with 10-20× labeling
volume of buffer. Cells were resuspended in 500 µL of buffer
and applied onto the MS+/MS+ column to allow removal of the
negative cells. Three rinses with 500 µL of buffer were
performed prior to removal of the column from the separator.
The column was placed in a collection tube, and 1ml of buffer
was flushed into the column to secure the positive cells. The
positive cells were cultured in IMDM containing 200 mL/L
FCS, 100 ng/mL IL-4, 100 ng/mL GM-CSF, 10 ng/mL TNF-α
for 24 h, then examined by scanning electron microscope
and flow cytometry.

Preparation of tumor total RNA
Tumor total RNA was isolated from actively growing tissue
culture cells, 1×107 MFC murine gastric cancer cells were lysed
in 1 mL of Trizol reagent (Life Technologies) prepared
according to the protocol provided by the manufacturer. One
mL of Trizol reagent was added to 1×107 of MFC cells which
were well mixed well prior to incubation for 5 min at room
temperature. Then 0.2 mL of chloroform was added and the
mixture was thoroughly mixed and incubated for 3 min at room
temperature. After centrifugation of 12 000 g for 15 min at
4 , contents were transferred in the aqueous phase to a fresh
tube, then 500 µL of isopropyl alcohol was added and mixed
well, followed by incubation at room temperature for 10 min
and centrifuged at 12 000 g for 10 min at 4 . The RNA
pellet was washed with 1 mL of 750 mL/L ethanol, and
redissolved in RNase free water.

Pulsing DCs with tumor RNA
The procedure used for pulsing DCs with tumor RNA was
described  by Boszkowsk[8]. In brief, DCs were washed twice
in Opti-MEM medium (GIBCO BRL). Cells were resuspended
in Opti-MEM medium at 2-5×106 cells/mL and transferred
into 15 mL polypropylene tubes (Falcon). The cationic lipid,
DOTAP (Boehringer Manheim), was used to deliver RNA
into the cells, and 25 µg of total RNA in 500 µL Opti-MEM
and 50 µg of DOTAP in 500 µL Opti-MEM were mixed in
12×75 mm polystyrene tubes at room temperature for 20 min.
The complex was added to the DCs and incubated at 37 
for 2-4 h.

Immunization of mice using tumor RNA pulsed DCs vaccine
and tumor challenge
Tumor RNA pulsed DCs (RNA/DC) and unpulsed DCs (UDC)
were collected, washed twice with PBS and then resuspended
in PBS. Mice from the respective treatment groups were
immunized with these preparations. Each mouse received the
designated dose of 1×106 DCs s c with an intervening period
of 7 d before administration of the second dose. The mice
untreated were used as control. Twelve mice were in RNA/DC
group, 10 mice in UDC group, and 12 mice in control group.
      Seven days after vaccination with DCs for the second and
last time, each mouse in the RNA/DC group received inoculation
of 5×105 MFC stomach cancer cells subcutaneously. The
animals were closely monitored until the first palpable tumor
appeared. Thereafter, two-dimensional tumor measurements
were made using calipers, the measurements were recorded
every 3-4 d.

Cytotoxicity and cytokine analysis
Three weeks after tumor challenge, all the mice were sacrificed.
Their spleens were removed and placed in PBS. The splenocytes
were depleted of red blood cells through incubation in 8.4 g/L
ammonium chloride for 10 min at 37 . The samples were
then washed twice with PBS. The cells obtained were
resuspended with RPMI-1640 containing 100 g/L FBC, 2β-

mercaptoethanol and 10 u/mL IL-2. Splenocytes were
stimulated with irradiated MFC gastric cancer cells (5 000 rads)
in the ratio of 10:1 (E:T). The samples were then cultured for
5 days and CTLs from each culture were tested. Cell mediated
lysis was confirmed in vitro using standard chromium (51Cr)-
release assay.
      When the mice were sacrificed, p40 subunits of IL-12 in
serum were measured using standard ELISA (R & D).

RESULTS
DCs phenotype
DCs were cultured in IMDM containing 200 g/L FCS, 100 ng/mL
IL-4, 100 ng/mL GM-CSF, 10 ng/mL TNF-α for 24 h after
sorted by mouse CD11C+ DC MicroBeads. DCs phenotypes
were detected by flow cytometry with H-2KK, I-EK, CD80,
and CD 86 (Table 1).

Table 1  DCs phenotypes before and after culture

   Before culture (%)      After culture (%)

H-2KK 92.1    91.6
I-EK 28.1    59.2
CD80 21.0    76.4
CD86 23.1    61.3

Induction of host protective immunity against tumor by RNA
pulsed DCs
To determine whether RNA pulsed DC could induce host
protective immunity against MFC gastric cancer, strain 615
mice were immunized subcutaneously with RNA pulsed DCs
or unpulsed DCs. Seven days after immunization, the mice
were inoculated subcutaneously with 5×105 MFC murine
gastric cancer cells. The results (Figure 1) showed that the
mice in the control group (control mice) were all tumor positive
on d 7, while the mice immunized with RNA pulsed DCs
demonstrated a significant delay in tumor development (7 vs
11 d). RNA pulsed DC immunization reduced tumor incidence
significantly. In the RNA/DC group, 41.7% of the mice (5/12)
were free from tumor; in the UDC group, 80% of the mice (8/10)
developed tumors, and all the mice (12/12)developed tumor
in control group on 21 d after tumor cell inoculation. On d
21 after tumor cell inoculation, the tumor volume of the
control group attained a mean of 2.6323±1.1435 cm3,
followed by the UDC and RNA/DC groups with mean
volumes of 0.7536±0.3659 cm3 and 0.3688±0.6571 cm3,
respectively (Figure 1).

Figure 1  Tumor growth curve. Control group mice (n=12) were
inoculated sc with 5×105 MFC gastric cancer cells without any
immunization. UDC group mice (n=10) were immunized twice
with unpulsed DCS followed by inoculation sc with 5×105 MFC
gastric cancer cells. RNA/DC group mice (n=12) were immu-
nized twice with RNA pulsed DCs followed by inoculation s c
with 5×105 MFC gastric cancer cells.
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Induction of tumor specific CTL cytotoxicity by RNA pulsed
DCs
Four weeks after immunization, splenocytes were restimulated
in vitro with irradiated MFC murine gastric cancer cells for
cytotoxic T lymphocyte (CTL) propagation. The results
demonstrated that tumor RNA pulsed DCs induced strong
tumor specific CTL production. Immunization with MFC
tumor RNA pulsed DCs induced stronger lysis of MFC
(Figure 2). NK cell activity in PBL or in splenocytes was
examined after the mice were sacrificed, revealing that the
greatest NK cell activity was seen in  the RNA/DC group.

Figure 2  Cytotoxicity of NK cells and CTL. PBNK: NK cell
activity in PBL, Sp-NK: NK cell activity in splenocytes, CTL-
MFC: CTL activity to lyses MFC murine gastric cancer cells.

Serum IL-12 level
Three weeks after tumor challenge, IL-12 in serum was detected
by ELISA. The results showed that the serum IL-12 level was
the highest in the RNA/DC group among the three groups
(Figure 3).

Figure 3  Serum IL-12 p40 levels in three groups of mice three
weeks after tumor challenge.

DISCUSSION
In recent years, DCs have been found to play an important
role in the rejection of tumors by the immune system. Their
infiltration of tumors has been associated with an improved
prognosis for many neoplasms[9,10].
     A number of tumor antigens recognized by CD8+ CTL
have been identified[11]. These defined antigens could simply
be added as 9-11 mer HLA-I-restricted peptides to mature
DCs[12]. So, the use of peptide-pulsed DC can obtain clearly
effective results, but it requires prior knowledge of patients’
HLA types and the sequence of the relevant peptide epitopes.
It has been suggested that the use of longer peptides or whole
proteins, which are not directly present but are endocytosed
and processed, is a better way to generate a fully competent
DC vaccine since it allows selection by the APC of the optimal
9-mer peptide for presentation[13]. After cloning, these tumor

antigens can also be used as cDNA in appropriate vectors to
load DCs. But there are three major restrictions when defined
tumor antigen is used. First, effective TSA or TAA is not
identified in a large number of cancers, especially in gastric
cancer. Second, it is clear that immunotherapy approaches
directing against a unique antigen favor the selection of a tumor
mutant that has selectively lost its ability to present efficiently
to the defined antigen[14]. Third, the acquisition of antigen-
specific CTL in vitro is not a guarantee of the development of
a curative immune response in vivo.
    To bypass these disadvantages, several alternative
methodologies have been developed. Unfractionated MHC-I-
presented peptides could be eluted from tumor cells and loaded
onto DC [1]. DCs could also be pulsed with whole tumor
antigens, such as cell lysates[15], cell extracts[16], apoptotic
cells[4,17], total RNA or mRNA[7]. The method of fusing tumor
cells with DCs has also been explored[18,19]. The recent
demonstration of cell-contact generated by short-term coculture
of DC with tumor cells without cell fusion could result in a
potent immunogen and was particularly relevant[20]. DCs pulsed
with tumor RNA may thus be a potential effective means to
induce host T cell-mediated anti-tumor responses. Boczkowski
et al. have recently demonstrated that vaccination with tumor
RNA pulsed DCs could elicit T cell protective immunity
against tumor challenge and induce immune rejection of
established tumors[8].
    Gastric cancer is one of the tumors with very high
heterogeneity. Host immune status in patients with gastric
cancer is usually poor. Up to the present, immunotherapy for
gastric cancer has not been clearly effective. The use of DC-
based tumor vaccine can provide a glimmer of hope for patients
with gastric cancer. In this experiment, we used tumor total
RNA as tumor whole antigen to pulse DCs. All the antigens
were processed and selectively presented to T cells by DCs.
The results following the use of tumor total RNA pulsed DCs
as vaccine, indeed, induced anti-tumor immune responses by
stimulating NK cells and tumor-specific CTL activity in the
mouse.
     For clinical trials of DC-based vaccine for cancer, other
matters must be considered. The first is the source of DCs for
clinical use. The second is the choice of tumor antigens and
method for antigen loading of DCs. Third, the DC dose-
response relationship should be determined using individual
cell preparation methods. Finally, the optimal route and
frequency of administration need to be determined.
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