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Abstract
AIM: The prevention of recurrence of colon cancer (CC)
after operation is very important for improvement of the
prognosis of CC patients, especially those with micro-
metastasis. The generation of fused cells between dendritic
cells (DCs) and tumor cells maybe an effective approach for
tumor antigen presentation in immunotherapy. In this study,
we fused human colon caner SW480 cells and human
peripheral blood - derived DCs to induce an antitumor activity
against human CC.

METHODS: CC SW480 cells and human peripheral blood -
derived DCs were fused with 500 mL/L polyethylene glycol
(PEG).

RESULTS: The specific T cell responses activated by fusion
cells (FCs), were observed. About 100 mL/L to 160 mL/L of
the PEG-treated non-adherent cells with fluorescences were
considered to be dendritomas that highly expressed the key
molecules for antigen presentation in our five cases. In vitro
studies showed that fusions effectively activated CD8+ T
lymphocytes to secrete interferon-γ. The early apoptotic ratio
of the colon cancer SW480 cells was higher than that of
controls, which was affected by cytotoxic T lymphocytes
(CTLs) stimulated by dendritomas.

CONCLUSION: The data indicate that fusion of tumor cells
with DCs is an attractive strategy to induce tumor rejection.

Xu F, Ye YJ, Wang S. In vitro antitumor immune response
induced by fusion of dendritic cells and colon cancer cells. World
J Gastroenterol  2004; 10(8): 1162-1166
http://www.wjgnet.com/1007-9327/10/1162.asp

INTRODUCTION
Colon cancer (CC) is one of the most common malignancies
in the Western world. As diet custom has changed these years,
the number of cases is increasing in the Eastern world. Although
surgical resection is the first choice wordwide, an effective
approach for the treatment of CC patients with metastasis and
cancer recurrence postoperation has not yet been found.
      Dendritic cells (DCs) are potent antigen-presenting cells
(APCs) which are the prime naive T cells and initiate a prime

immune response[1,2]. Various DC-based strategies, such as DCs
pulsed with tumor-associated peptides or proteins, viral
transduction of DCs with tumor-specific genes or transfection
with liposomal DNA or RNA, have been developed to
introduce tumor specific antigens into DCs and thereby to
generate cytotoxic T lymphocyte (CTL) responses against
malignant cells[3-9]. However, few tumor-specific antigens have
been identified, and their immunogenicity is uncertain in most
malignant tumors.
      An attractive approach to the enhancement of antitumor
activity is to generate the fusions between tumor cells and
DCs[10]. Multiple tumor antigens, including those unidentified
yet, are processed endogenously and presented to T lymphocytes
by the MHC class I and II pathways in the context of costimulatory
signals[11]. Some inspiring results have been reported in vitro
and in vivo except that of human colon cancer due to the difficulty
in isolating the tumor antigens from tumor tissues and the
facility contaminated for primary culture[12-16].
     In this study, we fused human colon caner SW480 cells
and human peripheral blood - derived DCs to induce an
antitumor activity against human CC, because they shared some
common antigens between cells from tissue and cell line
SW480.

MATERIALS AND METHODS

Colon cancer cell culture
Human SW480 colon cancer cells (ATCC#CCL-228) were
grown in RPMI medium 1640 supplemented with 100 mL/L
heat-inactivated FCS.

Preparation of DCs and CD8+ T cells
Peripheral blood mononuclear cells (PBMC) were isolated
from patients with CC by Ficoll-Hypaque density-gradient
centrifugation. The pure CD14+ PBMC and CD8+ T lymphocytes
were isolated by MACS magnetic microbeads (Miltenyi,
Germany) respectively according to the manufacturer’s
directions. CD14 PBMC were cultured for 1 wk in RPMI
medium 1 640/10% human serum containing 1 000 U/mL
granulocyte-macrophage colony-stimulating factor (GM-CSF)
and 1 000 U/mL IL-4. CD8+ T lymphocytes were cultured in RPMI
medium 1 640/10% human serum containing 20 u/mL IL-2.

Fluorescent staining and fusion
Tumor cells and DCs were stained red and green, respectively,
using PKH26-GL and PKH67-GL kits (Sigma) according to
the manufacture’s directions. The tumor cells were irradiated
at a dose of 30Gy before staining. Human DCs and tumor cells
were fused together by mixing the two types at a ratio of 3:1 in
a 15-mL conical centrifuge tube. One milliliter of 500 mL/L
polyethylene glycol (PEG) (Sigma) was added to the cells by
drops for 1 min. Nine milliliters of serum-free RPMI medium
1640 was added to the mixture for 10 min. The cells were
pelleted by centrifugation at 500 g for 5 min. The supernatant
was removed and the cells were resuspended in 5 mL complete
DC medium and plated in a T25 flask that was incubated at
37  in 50 mL/L carbon dioxide.



DCs and fusions assays
Fusion efficacy was evaluated by fluorescence microscopic
analysis and flow cytometry analysis using Facsort (Becton
Dickinson). DCs were washed with PBS and incubated with
murine antibodies HLA-DR-APC, CD80-PE, CD86-FITC
(PharMingen) for 15 min at 4 . Fusions were washed with
PBS and incubated with murine antibody HLA-DR-APC for
15 min at 4 . Samples were then washed, fixed with 10 g/L
paraformaldehyde, and subjected to flow cytometry analysis.

Scanning electron microscopy observation
Cells were fixed with 12 g/L glutaraldehyde in 0.1 mol/L PBS
(pH7.4). Fixed cells were coated with 1 g/L poly-L-lysine,
dehydrated in ascending concentrations of ethanol, treated with
isoamyl acetate, and critical-point dried with liquid CO2.
Specimens were coated with vaccum-evaporated, iron-
spattered gold and observed with a S-2250N scanning electron
microscope (HITACHI).

Cytotoxic T lymphocyte generation
Dendritomas obtained by using 500 mL/L PEG were mixed
with CD8+ T lymphocytes at a ratio of 1:10. CD8+ cells to be
used were pelleted by centrifugation at 500 g for 5 min and
resuspended in 1 mL medium containing RPMI-1640, 10%
human serum, 5 ng/mL IL-12, and 20 U/mL IL-2. The mixture
was incubated at 37  in 50 mL/L carbon dioxide for 8 d. As
controls, homologous DCs were mixed with CD8+ T cells at
the same ratio.

Interferon-γ assay
Each day CTL-generating cultures were refed. The supernatants
of cultures were harvested and frozen at -20 . Interferon-γ
(IFN-γ) assay was performed on the supernatants by a
commercially available ELISA kit (R&D). Each assay was

performed according to the manufacturer’s instructions. The
lower detection limit was 4 pg/mL. All samples and standards
were run in triplicate.

Cytotoxic T lymphocyte assay
To determine whether dendritomas stimulated a tumor cell-
specific CTL response, cytotoxicity assay was performed using
the cultured tumor cells as target cells. CTL effector cells and
tumor cells were mixed in a 24-well tissue culture plate with a
round-bottom at the concentration of 100:1 effectors-to-target
cells. The mixtures were incubated at 37  in 50 mL carbon
dioxide for 2 d. Tumor apoptosis was measured using an
Annexin V-FITC/PI kit (Clontech) by FACS analysis after
the mixtures were cultured for 24 h and 48 h respectively.
The tumor cells were detached and incubated with Annexin
V-FITC for 30 min at 4  after the unattached CTLs were
removed by magnetic microbeads. The samples were washed
3 times with PBS and measured by FACS analysis. To determine
whether the lysis was tumor cell –specific, mammary cancer
cells SK-BR-3 (ATCC#HTB-30) and ovarian cancer cells
SK-OV-3 (ATCC#HTB-77) were used as target cells in similar
cytotoxicity assay.

RESULTS

Fusion identification and fusion efficacy assay
On scanning electron microscopy, SW480 cells had short
processes on a plain cell surface and DCs had long denritic
processes. Dendritomas were formed by fusions of the dendritic
cells with CC cells (Figure 1). Fusion efficacy was about 16%.
It was assessed by the analysis of fusions of SW480 cells
stained with red fluorescent dye and DCs stained with green
fluorescent dye using a fluorescent microscope (Figure 2) and
flow cytometry repectively (Figure 3C).

Figure 1  A: Scanning electron micrographs of DC, B: Scanning electron micrographs of SW480 cell, C: Scanning electron micro-
graphs of larg nonadherent cell, possibly a DC/SW480 fusion cell after treatment with 50%PEG.

Figure 2  A: Fluorescent green staining of dendritic cells from peripheral blood mononuclear cells of patients using PKH67-GL. B:
Fluorescent red staining of colon cancer cells SW480 using PKH26-GL. C: Fusion between PKH stained dendritic cells and tumor
cells treated with PEG.
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Characteristics of fusions of DCs and CC cells
To determine whether human DCs could be used in the
generation of heterokaryons with tumor cells, DCs from PBMC
of CC patients were prepared. Flow cytometry demonstrated
that DCs highly expressed CD80, CD86 and HLA-DR, but
SW480 cells did not. Dendritomas, which showed dual red
and green fluorescence, highly expressed the major molecules
HLA-DR of DCs (Figure 3).

Tumor cell-specific cytotoxic T lymphocytes stimulated by
dendritomas
To determine whether dendritomas effectively presented tumor
antigens to effective cells, CD8+ T lymphocytes were purified
from autologous peripheral blood and cocultured with
dendritomas at a ratio of 10:1. Trypan blue exclusion test
showed that, 6 d after the stimulation, CTLs were activated to
proliferate and the mumber of T cells increased (from 1.2×107

to 1.8×107). After activation, CTLs secreted high levels of
IFN-γ, and the secretion of this cytokine induced by
dendritomas was higher than that of controls (Figure 4).

Tumor cell apoptosis
To investigate whether the CTLs induced by dendritomas,
had a tumor-specific response, CTLs and tumor cells were
mixed in a 24-well tissue culture plate with a round-bottom at
the concentration of 100:1 effectors-to-target cells. Tumor
apoptosis was measured using an AnnexinV-FITC/PI kit by

FACS analysis after the mixtures were cultured for 24 h and
48 h respectively. The result indicated that the lysis was
autologous tumor specific (Figure 5). The early apoptotic ratio
of colon cancer SW480 cells was higher than that of controls,
which was affected by cytotoxic T lymphocytes (CTL) that
activated by denritomas after co-cultured for 24 h. Although
there were no differences in the apoptotic ratios of tumor cells
after co-cultured for 48 h, the necrotic fragments of colon
cancer were higher than those of controls.

Figure 4  Interferon-γ expression by CTLs. Lane 1 represents
IFN-γ expression by CD8+ T cells primed with dendritomas.
Lane 2 represents IFN-γ expression by CD8+ T cells primed
with DCs.

Figure 3  A: High expression of CD86, CD80 and HLA-DR by Dendritic cells, B: No expression of CD 86, CD80 and HLA-DR by
SW480 cells, C: High expression of major molecule HLA-DR of DCs by dendritomas gated by dual red and fluorescent cells.
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DISCUSSION
Dendritic cells are professional antigen-presenting cells that
play a vital role in stimulating immune responses. Not only
can they activate naïve CD4+ T helper cells, but they also
stimulate unprimed CD8+ cytotoxic T lymphocytes[1,17,18]. Many
studies have shown that DCs, when effectively loaded with or
expressing tumor antigens, can activate antitumor immune
responses through cellular and humoral actions[19]. However,
for those tumors whose tumor antigens have not been identified,
especially for primary tumors from patients, fusion between
DCs and tumor cells presented a promising alternative strategy.
Because the process of isolating cells from primary tissues in
gastrointestinal tumor was time-consuming and prone to
contam- ination, these considerations have limited the clinical
application of this approach. In this study, an attempt was made
to fuse DCs with human colon cancer SW480 cells to induce a
colon cancer-specific antitumor immune response, because
there were some common antigens between primary tumor
cells and homogenous cell line.
      It is important to determine the fusion efficacy of DCs and
tumor cells by treatment with PEG. Two-color FACS analysis
showed that approximately 100 mL/L to 160 mL of PEG-treated
non-adherent cells were positive for both PKH67-GL (DCs
were fluorescently stained) and PKH26-GL (SW480 cells were
fluorescently stained) in our 5 separate CC patients, which
highly expressed the MHC of DCs for antigen presentation
(Figure 3C). These results were consistent with those of the

landmark kidney cancer trial[20]. It is conceivable, therefore,
that the fusions are able to present tumor antigen (s) to naive T
cells by means of DC capability. Although exceptionally high
fusion efficiencies sometimes have been reported using PEG,
such reports might reflect an overlying optimistic interpretation
of fluorescence-activated cell sorting data or nonrepresentative
experiments[21]. Because fusions could generate not only tumor-
DC hybrids but also tumor-tumor hybrids, DCs and tumor cells
were fused at a ratio of 3:1 to decrease the tumor-tumor hybrids.
Two types of aliphatic fluorescent dyes, PKH-67GL and PKH-
26GL, have been widely used to label viable cells for in vitro
and in vivo cell tracking[22,23]. In addition, researches have
shown that there were no significant effects of the two dyes on
cell viability, growth, or function[24,25].
     To determine whether dendritomas effectively presented
tumor antigens to immune cells and activated T lymphocytes,
CD8+ T cells were isolated, and in vitro stimulation was
performed. Then IFN-γ, a well-known marker of T-cell
activation, was measured. Results showed that the secretion
of CTLs activated by dendritomas was higher than that of
controls after stimulation. Fusion hybrid vaccines might be
more effective than other DC-based strategies because of
superior antigen presentation[26]. Although DCs have a
consistant capacity of processing exogenous antigens to
achieve a major histocomp- atibility complex class II-restricted
antigen presentation, the major histocompatibility complex I-
restricted antigen presentation is often difficult to demonstrate

Figure 5  Early apoptosis (single Annexin V positive) of tumor cells measured by flow cytometry. The apoptotic ratios of SW480
cells affected by CTL induced dendritomas or physical mixture of SW480 cells and DCs without PEG, were about 38.25%(A)
and 32.36% respectively (B). The apoptotic ratios of SK-BR-3 cells affected by CTL same as that in SW480, were about 25.64% (C)
and 17.43%(D) respectively. The apoptotic ratios in SK-OV-3 were about 21.68% (E) and 17.43%(F).
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when DCs are pulsed with complex protein antigens rather
than with synthetic 8-or 9-mer peptides. Tumor-DC fusion
potentially confers not only DC functionality but also a
continuing source of endogenous tumor antigens for major
histocompatibility complex class I presentation[21].
     In the early stages of apoptosis, which occurs at the cell
surface, one of these plasma membrane alterations is the
translocation of phosphatidylserine (PS) from the inner side
of the plasma membrane to the outer layer, by which PS
becomes exposed at the external surface of the cell. Annexin
V is a Ca2+ dependent phospholipid-bind-ing protein with high
affinity for PS. Hence this protein can be used as a sensitive
probe for PS exposure upon the cell membrane. So Annexin
V assay offers the possibility of detecting early phases of
apoptosis before the loss of cell membrane integrity and permits
measurements of the kinetic of apoptotic death in relation to
the cell cycle. More extensive FCM allows discrimination
between different cell subpopulations that may or may not be
involved in the apoptotic process. In comparison with the
traditional tests, Annexin V assay was sensitive and easy to
perform[27]. To determine whether CTLs could lyse tumor cells,
CTLs were harvested and apoptosis assay was performed using
tumor cells as target cells. To confirm that the CTL activity
was tumor cells specific, mammary cancer cells SK-BR-3 and
ovarian cancer cells SK-OV-3 were used as target controls, in
addition to colon cancer cells. The results indicated that the
lysis was tumor cell specific (Figure 5). Similar results were
obtained in the 5 cases.
    Several preclinical studies have shown that vaccines
consisting of such hybrids can provide effective active
immunization against animal tumors and specific in vitro
sensitization of human T cells to relevant tumor antigens[10,11].
Furthermore, in contrast to other vaccine strategies, the tumor-
DC fusion strategy has already been met with resounding
clinical success when applied to the treatment of patients with
advanced renal cancer[20]. Immunization with fusions of DCs
and human colon cancer cells may be a promising method for
the prevention and treatment of micrometastasis and recurrence
after operation of CC.
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