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Here we describe the effect of immunization with dendritic cells loaded with syngeneic tumor cells (DC/Ts) 
by polyethylene glycol treatment, on tumor development in adenomatous polyposis coli (APC) gene mutant 
mouse models, APC1309 and APCMin–/+, in which adenomatous polyps of the gastrointestinal tracts develop 
with a high incidence. Treatment with DC/Ts prevented the development of gastrointestinal tumors, and 
coadministration of DC/Ts and IL-12 caused a further reduction in tumor incidence. Splenocytes from 
APC1309 mice treated with DC/Ts and IL-12 showed no cytotoxic activity toward the tumor cells, but serum 
antibody specific to them was detected. IgG from the treated mice exhibited cytotoxic activity against the 
tumor cells in vitro. Predominance of Th2 cell response over Th1 response was also suggested by ELISPOT 
assays in the treated mice. Depletion in vivo of CD4+ T cells, not CD8+ T cells, by the intraperitoneal adminis-
tration of corresponding mAb’s decreased the antitumor effect of DC/T inoculation. Immunofluorescence 
microscopic studies showed that Ig was attached to tumor cells in mice treated with DC/Ts and IL-12. These 
findings indicate that DC/T vaccination prevents tumor development through APC gene mutation and that 
its preventive effects are mediated by humoral antitumor immunity.

Introduction
Development of colon cancer in humans is associated with genet-
ic as well as environmental influences (1, 2). There are two well-
defined forms of hereditary colorectal cancer: (a) familial adeno-
matous polyposis (FAP), caused by germline mutations in the 
adenomatous polyposis coli (APC) gene, and (b) hereditary non-
polyposis colorectal cancer, caused by germline mutations in mis-
match-repair genes (2–5). These hereditary colorectal cancers are 
characterized by their early onset and high mortality. For example, 
in patients with FAP, adenomatous polyps develop by a median age 
of 16 years and progress to cancers by a median age of 39 years (2). 
Loss of APC function by gene mutation, which is the case in FAP, 
confers selective advantages that allow the initial clonal expansion 
on the intestinal cell and induces the genetic instability that allows 
for multiple hits on other genes responsible for tumor progression 
and malignant transformation, triggering the adenoma–carcinoma 
sequence (6). Mutation of the APC gene has also been observed in 
70–80% of sporadic colon cancers (7). Thus, FAP is an ideal model 
for evaluating the efficacy of surgical and medical treatments for 
the prevention and regression of colon cancer and adenoma (8).

NSAIDs have been shown to prevent colon cancer in FAP patients 
as well as the FAP model mice, APCMin–/+ and APC1309 (8, 9). How-
ever, the long-term ingestion of NSAIDs that is required to inhibit 
the development of colorectal cancer is frequently associated with 
adverse side effects, including gastrointestinal irritation and kidney 

and platelet dysfunction (10, 11). Recent advances in immunology 
and increasing knowledge about tumor immunity are encouraging 
the development of various immunotherapies to eradicate tumors 
or prevent tumor development. Tumor-associated antigens (TAAs) 
have been identified that are recognized by specific T cell receptors 
(12). The recognition of TAA peptides by CTLs can result in the 
rejection of tumors (13, 14). However, tumors use several mecha-
nisms to escape CTL-mediated killing, including expression of Fas 
ligand and downregulation or modification of TAAs, the transport-
ers of antigenic peptides or MHC class I molecules (15). Moreover, 
the acquisition of antitumor immunity can be abrogated by induc-
tion of peripheral tolerance and immune suppression through 
secretion of immune-suppressive cytokines (16). Thus, when spon-
taneous tumors have escaped immune recognition, strategies are 
needed to reverse immunological unresponsiveness and thereby 
induce antitumor immunity. One strategy for inducing antitumor 
immunity is the use of dendritic cells (DCs) loaded with tumor 
antigens to prime T cells (17).

DCs are potent APCs that express MHC class I, II, and costimula-
tory molecules essential for priming CD4+ and CD8+ T cells. Vaccina-
tion strategies based on DCs are being developed to induce antitu-
mor immunity (17–21). Administration of DCs pulsed with antigenic 
peptides or transfected with genes encoding TAAs or with TAA RNA 
has been shown to induce specific immunity against transplanted 
tumors in animal models (22–25). In most cancers, however, TAAs are 
not identified. As an approach to load DCs with known or uniden-
tified TAAs, DCs were pulsed with tumor lysates, transfected with 
tumor cell mRNA, or fused with tumor cells (26–28). Since human 
cancers develop as a result of the accumulation of genetic lesions, 
there is a need to evaluate vaccines based on DCs in genetic models 
of spontaneous, rather than transplanted tumors.
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In the present study, we used APC1309 mice and APCMin–/+ mice 
as the models of spontaneous colorectal tumors, in which the 
APC gene had been mutated at codon 1309 and 850, respectively 
(9, 29). In these mice, multiple tumors develop in the stomach, 
duodenum, jejunum, ileum, cecum, and colon. Tumors develop 
at 3 weeks of age and, by 10 weeks, 80–120 tumors are detectable 
throughout the gastrointestinal tract. APC1309 and APCMin–/+ 
mice were immunized with DCs loaded with tumor cells that had 
been derived from a spontaneous tumor of an APC1309 mouse. 
The results demonstrate that the inoculation of DCs loaded with 
the tumor cells prevents the development of tumors, and that 
the administration of IL-12 in combination with the inoculation 
causes existing tumors to regress. To our knowledge, this experi-
ment represents the first success of an immunological treatment 
in the genetic models of colorectal tumor.

Methods
Mice and cell lines. C57BL/6J mice and APCMin–/+ mice were purchased 
from Nihon SLC Co. Ltd. (Hamamatsu, Japan) and The Jackson 
Laboratory (Bar Harbor, Maine, USA), respectively. APC1309 KO 
mice with a C57BL/6J genetic background carried a mutation at 
codon 1309 of the APC gene and were produced at the Cancer 
Institute in Tokyo (9). BALB/c mice were purchased from Nihon 
SLC Co. Ltd. All of the experimental procedures were carried out in 
accordance with Jikei University guidelines on animal welfare.

In APCMin–/+ mice, the offspring were characterized for the APC 
genotype by PCR according to Dietrich et al. (29). In APC1309 mice, 
the APC genotype of the offspring was determined at 4 weeks of age. 
DNA extracted from the tail was amplified by PCR. Forty cycles were 
performed, using the following cycling conditions: 94°C for 1 min-
ute, 62°C for 2 minutes, 72°C for 2 minutes, and a final extension at 
72°C for 4 minutes. To increase the specificity of PCR amplification, 
the ‘hot start’ method was used: an initial denaturation of the reac-
tion mixture containing all reagents except the enzyme for 3 min-
utes at 94°C. Nucleotide sequences of primers were as follows: APC 
sense, 5ʹ-TCAAGGTGCAGTTCATTATCATCACTG-3ʹ, wild APC 
antisense, 5ʹ-CTTCAGTTGCAGGATCTTCAGCTGACC-3ʹ (product 
size, 153 bp); mutant APC sense, 5ʹ-TCAAGGTGCAGTTCATTAT-
CATCACTG-3ʹ, antisense, 5ʹ-GCTAAAGCGCATGCTCCAGACT-
GCCTTG-3ʹ (product size, 243 bp). The mice for which the analysis 
of PCR products showed both 153-bp and 243-bp products were 
selected for use in the experiments.

The murine hepatoma cell line Hepa1-6, the murine melanoma 
cell line B16, and the mouse YAC-1 cell line were obtained from 
ATCC (Manassas, Virginia, USA). The murine colorectal cancer 
cell line MC38 was a gift from D. Kufe.

Generation of DC/Ts. Bone marrow DCs were prepared as described 
by Inaba et al. (30, 31). Their phenotypic characterization has been 
reported elsewhere (32). A cell line designated as tumor T was 
established from an intestinal tumor of the APC1309 mouse at 
the Cancer Institute in Tokyo (9). Tumor T cells showed aneuploi-
dy, and their population-doubling time was 24 hours. However, 
they showed no tumorigenicity in syngeneic C57BL/6J mice when 
inoculated subcutaneously or intravenously.

DC/Ts were generated by treating DCs and tumor T cells with 
polyethylene glycol (PEG) (Sigma-Aldrich, St. Louis, Missouri, USA) 
to fuse them, as described elsewhere (28, 32, 33). Briefly, DCs and 
tumor T cells were mixed at a ratio of 2:1 and treated with 50% PEG 
at 37°C for 1 minute. After PEG had been removed by RPMI-1640 
medium (Nissui Pharmaceutical Co., Tokyo, Japan) and centrifuga-

tion at 250 g, the cells were incubated in RPMI-1640 medium con-
taining 10 ng/ml recombinant murine granulocyte/macrophage 
CSF (supplied by Kirin Brewery Co., Tokyo, Japan) and 50 U/ml 
recombinant murine IL-4 (BD Bioscience, San Jose, California, USA) 
overnight at 37°C. Nonadherent and loosely attached cells were col-
lected by aspiration and centrifugation, and used for inoculation 
as DC/Ts. The number of DC/Ts inoculated was expressed as the 
number of DCs that were used for loading with the tumor cells. For 
assessment of DC/T generation, DCs and tumor T cells were stained 
with FITC-conjugated hamster anti-mouse CD80 mAb’s (PharMin-
gen, San Diego, California, USA) and Red Fluorescent Cell Linker 
Kit for General Cell Membrane Labeling PKH26GL (Sigma-Aldrich), 
respectively, treated with PEG, cultured overnight, and collected as 
described earlier. As a control, stained DCs and tumor cells that had 
not been treated with PEG were also cultured in the same medium 
and collected after overnight incubation. Generation of DC/Ts 
was assessed by FACS (FACSCalibur, BD Bioscience Immunocyto-
metry Systems, San Jose, California, USA) analysis and fluorescence 
microscopy (LSM410; Carl Zeiss, Oberkochen, Germany).

Phenotypes of DCs and DC/Ts were compared by flow-cytomet-
ric analysis using FITC-conjugated anti-mouse H-2Kb, I-Ab, CD80, 
and CD86 mAb’s, which were purchased from PharMingen.

DCs (5 × 105) and DC/Ts (5 × 105) were cultured for 48 hours in a 
final volume of 1 ml RPMI-1640 medium containing 1 μg/ml LPS 
(Sigma-Aldrich). The supernatants were assayed for IL-12, IL-6, and 
IL-10 by ELISA kits (BioSource International, Camarillo, California, 
USA) according to the manufacturer’s instructions.

Treatment of mice and enumeration of the tumors. DC/Ts were inject-
ed at a dose of 1 × 106 cells per mouse into the tail vein at 6 and 
8 weeks of age. IL-12 (supplied by Genetics Institute, Cambridge, 
Massachusetts, USA) was administered at a dose of 0.5 μg/mouse 
intraperitoneally at 5 and 10 days after the first injection of DC/Ts 
and 1 week after the last injection of DC/Ts. In this experimental 
design, some mice were treated with PBS or a mixture of DCs and 
tumor T cells instead of DC/Ts, or PBS instead of IL-12. Other 
mice were inoculated with DCs and tumor T cells that had each 
been treated with PEG, incubated separately overnight, collected as 
described earlier, and then admixed immediately before injection. 
Mice were sacrificed at 10 weeks of age. Gastrointestinal tracts 
from the lower esophagus to the rectum were excised, fixed by 
infusion of formaldehyde from the rectum, cut open, and stained 
with Methylene Blue. The tumors in the entire gastrointestinal 
tract were counted under a microscope at 10-fold amplification.

In some experiments, tumor T cells (3 × 106 cells per mouse) were 
subcutaneously injected into 8-week-old allogeneic BALB/c mice 
twice with a 1-week interval, and the mice were sacrificed 1 week 
after the last injection.

In vivo depletion of CD4+ and CD8+ T cells. Anti-mouse CD4 mAb’s 
(ATCC hybridoma GK1.5) or anti-mouse CD8 mAb’s (ATCC 
hybridoma 56.6.73), which were donated by N. Watanabe (Depart-
ment of Tropical Medicine, Jikei University School of Medicine, 
Tokyo, Japan), was administered at a dose of 0.5 mg/mouse 
intraperitoneally, 1 day before and 2 days after each of the DC/T 
inoculations, which were performed according to the experimen-
tal design described earlier. The mice were treated with IL-12 and 
sacrificed exactly as in the experimental design described earlier.

To examine whether the in vivo depletion of CD4+ and CD8+ T 
cells was affected, anti-mouse CD4 mAb’s (ATCC hybridoma GK1.5) 
or anti-mouse CD8 mAb’s (ATCC hybridoma 56.6.73) were admin-
istered to 8-week-old mice by intraperitoneal injection twice with an 
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interval of 3 days. The mice were sacrificed 1, 3, and 6 days after the 
last injection, and their splenocytes were collected as described ear-
lier. Identification of CD4+ and CD8+ T cells among the splenocytes 
was done with FACS using phycoerythrin-labeled (PE-labeled)  
R-M45 anti-CD4 mAb’s (PharMingen) and 53-6.7 anti-CD8 mAb’s  
(PharMingen), respectively. CD4+ and CD8+ T cells quantitated after 
the mAb’s were compared with baseline levels established in the mice 
of the same age that received no injection of the mAb’s.

Assay of cytotoxic activity of splenocytes toward tumor cells. Splenocytes 
obtained by gentle disruption of spleens on a steel mesh were cul-
tured for 4 days in medium containing 50 U/ml of human recombi-
nant IL-2. In some experiments, splenocytes were cultured for 4 days 
with DC/Ts or irradiated tumor T cells in the medium without IL-2 
(stimulator/splenocyte ratio of 1:100). In other experiments, tumor T 

cells had been incubated with 3,000 U/ml recombinant murine IFN-γ) 
(TECHNE Corp., Minneapolis, Minnesota, USA) for 48 hours before 
examination of their susceptibility to lysis by splenocytes. The target 
cells, tumor T cells (1 × 104 cells/well) that had been labeled with 51Cr, 
were incubated with the splenocytes at effector/target (E/T) ratios 
ranging from 20:1 to 80:1 at 37°C for 4 hours in 200 μl of RPMI-1640 
medium supplemented with 10% heat-inactivated FCS in a 96-well 
microplate. After the cells were spun down by centrifugation at 250 g, 
100 μl of supernatant was collected for measurement of radioactivity. 
The cytotoxic activity of splenocytes against 51Cr-labeled YAC-1 cells 
was examined as described for the examination of cytotoxic activity 
against tumor T cells.

In some experiments, splenocytes were prepared from BALB/c 
mice inoculated with tumor T cells as described already, mixed with 
irradiated tumor T cells at a ratio of 100:1, and cultured in RPMI-
1640 medium containing 20 U/ml human recombinant IL-2 for 
48 hours. Their cytotoxicity against 51Cr-labeled tumor T cells and 
MC38 cells was assayed at an E/T ratio of 80:1 as described earlier.

The percentage of specific 51Cr release was calculated according 
to the following formula: percentage 51Cr release = 100 × [experi-
mental release (cpm) – spontaneous release (cpm)] / [maximum 
release (cpm) – spontaneous release (cpm)]. The maximum 
release was that obtained from target cells incubated with 0.33 N 
HCl, and spontaneous release was that obtained from target cells 
incubated without the effector cells. All the determinations were 
carried out in triplicate.

Detection of antibody reactive with tumor cells. A 50-μl aliquot of 
mouse serum diluted appropriately with PBS was added to the pel-
let of tumor T cells (2 × 105) and incubated at 4°C for 30 minutes. 
The cells were then washed twice with PBS and incubated with 2 μl 
of an FITC-conjugated rat anti-mouse Ig polyclonal antibody, or a 
goat anti-mouse IgG1, IgG2a, IgA, or IgM antibody (PharMingen) 
at 4°C for 30 minutes under a light shield. The cells were washed 
twice with PBS, and their fluorescence intensities were measured 
by flow-cytometric analysis using FACS. Antibody activity was 
expressed by the median value of a whole fluorescence intensity 
histogram (median fluorescence intensity).

ELISPOT assays. Splenocytes were collected as described earlier 
from three groups of 10-week-old mice: untreated, treated with 
DC/Ts, and treated with DC/T + IL-12. Treatment of mice with 

Figure 1
FACS analysis and fluorescence microscopy of DCs and tumor cells 
simply mixed or treated with PEG. DCs stained with FITC-conjugated 
anti-CD80 and tumor T cells stained with the red-fluorescent dye 
PKH26GL were mixed, treated with PEG or not, and incubated over-
night as described in the text. A mixture of DCs and tumor cells that had 
not been treated with PEG served as control. After overnight incuba-
tion, the cells were collected, analyzed by FACS, and examined under a 
fluorescence microscope. FACS analysis results: (A) DCs stained with 
FITC-conjugated anti-CD80; (B) tumor cells stained with PKH26GL; 
(C) mixture of DCs and tumor cells; (D) PEG-treated DCs and tumor 
cells. Fluorescence microscopy: (E) DCs stained with FITC-conjugated 
anti-CD80; (F) tumor cells stained with PKH26GL; (G) mixture of DCs 
and tumor cells; (H) PEG-treated DCs and tumor cells. Six independent 
experiments were performed with similar results. A typical experiment 
is shown. FACS analysis of DCs and DC/Ts: DCs (blue solid line) and 
DC/T (red solid line) were stained with FITC-conjugated mAb’s against 
(I) H-2Kb (J) I-Ab (K) CD80, and (L) CD86. Cells stained with FITC-conju-
gated isotype-matched control antibody are indicated by the dotted lines 
(green, DCs; orange, DC/Ts).
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DC/Ts or DC/T + IL-12 was performed as described earlier. Cell 
fractions enriched with CD4+ or CD8+ T cells were prepared from 
the splenocytes with MACS magnetic sorting system (Miltenyi 
Biotec GmbH, Bergisch Gladbach, Germany) according to the 
manufacturer’s instructions. They were then stimulated by culture 
with irradiated (100 Gy) tumor T cells or DC/Ts at a ratio of 200:1 
for 4 days. The frequencies of CD4+ and CD8+ T cells secreting 
IL-4 or IFN-γ were determined using ELISPOT assay kits (R&D 
Systems Inc., Minneapolis, Minnesota, USA) according to the 
manufacturer’s instructions. CD4+ and CD8+ T cells cultured with 
irradiated tumor T cells or DC/Ts were placed at 104 cells/well in 
ELISPOT wells and incubated overnight at 37°C according to the 
manufacturer’s instructions. Spot-forming cells were enumerated 
under a stereoscopic microscope.

Purification of IgG from mice sera and assessment of its cytotoxic activ-
ity against tumor T cells. Mouse IgG was purified from mice sera 
using the ImmunoPure IgG purification kit (Pierce Chemical Co., 

Rockford, Illinois, USA) according to the manufacturer’s instruc-
tions. The concentration of purified IgG was determined using a 
protein assay kit (Bio-Rad Laboratories Inc., Hercules, California, 
USA) and a microplate reader apparatus (model 3550-UV; Bio-
Rad Laboratories Inc.). Tumor cells were suspended in the cul-
ture medium containing various concentrations of the purified 
IgG, and seeded into 24-well collagen-coated plates (Asahi Techno 
Glass, Tokyo, Japan)  at 2 × 105 cells/well. After 48 hours’ incuba-
tion, the medium was removed by aspiration. Adherent cells were 
washed with PBS and collected by trypsin treatment. The number 
of viable cells among the adherent cells, which were not stained 
with Trypan Blue, was counted.

Immunofluorescence microscopy. Frozen sections of the tumor tis-
sue were prepared and fixed with acetone at room temperature for 
10 minutes. After washing with PBS, the sections were immersed 
in 10% normal goat serum in PBS at room temperature for 20 min-
utes. Staining was performed with PE-conjugated rat anti-mouse 
CD45R (PharMingen) or FITC-conjugated rat anti-mouse Ig 
polyclonal antibody (PharMingen). The sections were then washed 
with PBS and examined under a fluorescence microscope.

Statistics. One-way ANOVA was used to test for overall differences 
among the groups, followed by Tukey’s honestly significant differ-
ence adjustment for multiple comparisons by use of StatMateIII 
(ATMS Co., Tokyo, Japan). Unpaired Student’s t test was used for 
comparison of means in two groups. Differences were considered 
to be significant at a P value less than 0.05. Pearson correlation was 
performed to determine the association using StatMateIII.

Figure 2
Macroscopic view of the upper ilei of APC1309 mice. The entire gas-
trointestinal tracts of 10-week-old mice were processed as described 
in the text. The upper ilei were excised and are shown here. The tumors 
are identified as black dots on the mucosa. The arrow indicates a ste-
notic change of the intestine by tumor growth in an untreated mouse. 
(A) Upper ileum from an untreated mouse (B) from a mouse treated 
with DC/Ts, and (C) from a mouse treated with DC/T + IL-12.

Figure 3
Effect of treatment with DC/Ts on the development of gastrointestinal 
tumors in APC1309 and APCMin–/+ mice. (A) Ten APC1309 mice were 
sacrificed at the start of treatment (6 weeks of age). Other groups of 
APC1309 mice that were untreated or treated with IL-12, with a mix-
ture of PEG-treated DCs and PEG-treated tumor T cells (DC-PEG + 
T-PEG), with DC/Ts alone, or with DC/T + IL-12, were sacrificed at 10 
weeks of age. The gastrointestinal tracts were processed as described 
in the text. The tumors in the entire gastrointestinal tracts were count-
ed under the microscope. Each column represents mean ± SD (error 
bar) of the number of tumors. *P < 0.05; **P < 0.001. (B) Six APCMin–/+ 
mice were sacrificed at the start of treatment (6 weeks of age). Other 
groups of seven APCMin–/+ mice, which were untreated or treated with 
IL-12, DC/Ts, or DC/T + IL-12, were sacrificed at 10 weeks of age. The 
tumors in the entire gastrointestinal tracts were counted as described 
for A. Each column represents mean ± SD (error bar) of the number of 
tumors. Figures in parentheses show the number of mice examined. 
*P < 0.01; **P < 0.001.
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Results
Generation of DC/Ts. In the mixture of DCs and tumor T cells, 
11.3% of the cells were stained with both PKH26GL and FITC-
conjugated anti-CD80 (Figure 1C), whereas 41.9% of PEG-treated 
DCs and tumor T cells were stained with both of them (Figure 
1D). Flow-cytometric analysis showed that overnight incubation 
of PEG-treated DCs and tumor cells reduced the number of free 
tumor cells. We attribute this reduction in free tumor cells to their 
attachment to the culture plate. Double-stained cells that were 
considered to be DC/Ts occurred more frequently among the PEG-

treated mixture of DCs and tumor T cells than in 
the mixture of DCs and tumor T cells. Under a 
fluorescence microscope, almost all DCs contained 
red-fluorescent tumor cells (Figure 1H), whereas 
few DCs not treated with PEG contained tumor 
cells and some DCs contained fragments of tumor 
cells (Figure 1G). The phenotypes of DCs and DC/
Ts were compared (Figure 1, I–L). The expression 
of H-2Kb, CD80, and CD86 did not vary between 
them. By contrast, expression of I-Ab in DC/Ts 
appeared to be slightly augmented as compared 
with that in DCs.

To assess the effect of PEG treatment on the 
maturation of DCs induced by LPS, we com-
pared secretions of IL-12, IL-6, and IL-10 by DCs 
and DC/Ts in vitro. No significant secretions of 
IL-12, IL-6, and IL-10 were observed without the 
culture with LPS. The culture with LPS gave rise 
to the production of IL-12 and IL-6. However, 
IL-12 produced by DC/Ts was one-third of that 
produced by DCs (17.8 ± 6.8 ng/ml, mean ± SD, 
n = 3, vs. 5.9 ± 0.6 ng/ml, n = 3; P < 0.05). The 
amount of IL-6 produced by DC/Ts was less than 
that secreted by DCs (29.7 ± 4.5 ng/ml, n = 3, vs. 
21.5 ± 2.6 ng/ml, n = 3). However, the difference 
was not statistically significant. No detectable 
amount of IL-10 was produced by DCs and DC/Ts 
cultured with LPS.

Prevention of tumor development by vaccination with 
DC/Ts in APC1309 mice and APCMin–/+ mice. Fewer 
tumors developed in the small intestines of mice 
treated with DC/Ts than in untreated mice (Figure 
2). Treatment with DC/T + IL-12 further inhibited 
tumor development.

Tumors had already developed in the gastroin-
testinal tracts (esophagus to rectum) of APC1309 
mice when DC/T vaccination was started at 6 weeks 
of age (Figure 3A). At that time, each mouse had  
38 ± 12 tumors (mean ± SD). By 10 weeks, the num-
ber of tumors per untreated mouse had increased to 
93 ± 11. In contrast, the number of tumors in mice 
treated with DC/Ts had not increased as compared 
with that found at the start of treatment, indicating 
that immunization inhibited tumor development. 
Notably, treatment with DC/T + IL-12 was signifi-
cantly more effective in suppressing tumor devel-
opment than DC/T vaccination alone. In addition, 
the number of tumors in mice treated with DC/T 
+ IL-12 was significantly less at 10 weeks of age 
than at 6 weeks of age (P < 0.05), indicating that the 

tumor regressed with this treatment. In mice given DCs and tumor 
T cells that had each been treated separately with PEG the tumor 
number at 10 weeks of age did not differ significantly from that 
in untreated mice of the same age. In mice given a mixture of DCs 
and tumor T cells that had not been treated with PEG, the mean 
number of tumors at 10 weeks of age (77 ± 15, n = 3) did not differ 
significantly from that in untreated mice (93 ± 11, n = 10). Treat-
ment with IL-12 alone had no significant effect. Importantly, mice 
treated with DC/T + IL-12 survived longer (156.8 ± 19.1 days, n = 5) 
than did untreated mice (109.2 ± 15.1 days, n = 5, P < 0.005).

Figure 4
Reactivity of serum with tumor T cells. (A-D) Reactivity of serum from mouse treated 
with DC/T + IL-12 against the cells derived from various carcinoma cell lines. Tumor T 
cells and other irrelevant tumor cells (2 × 105) were incubated with 50 μl of the serum 
at 4°C for 30 minutes, washed extensively, and then incubated with 2 μl of FITC-con-
jugated rat anti-mouse Ig antibody. Fluorescence histograms shown by the cells were 
obtained with FACS: (A) tumor T; (B) MC38 colon carcinoma; (C) B16 melanoma; (D) 
Hepa1-6 hepatocellular carcinoma. Thick line, negative control; dotted line, serum from 
untreated mouse; thin line, serum from mouse treated with DC/T + IL-12. (E) Decrease 
of serum reactivity by incubation with tumor T cells. Serum from a mouse treated with 
DC/T + IL-12 was diluted 100-fold with PBS, incubated with tumor T cells (2 × 105) at 4°C 
for 1 hour and centrifuged. Tumor T cells were incubated with 50 μl of the supernatant 
(dashed line), 100-fold diluted serum (dotted line), or untreated mouse serum (thick line) 
at 4°C for 30 minutes, washed extensively, incubated with 2 μl of FITC-conjugated rat 
anti-mouse Ig antibody, and submitted for flow-cytometric analysis using FACS. Three 
independent experiments were performed with similar results. A typical experiment is 
shown. (F) Serum dilution and reactivity with tumor T cells. Tumor T cells (2 × 105) were 
incubated with 50 μl of the diluted serum at 4°C for 30 minutes, washed extensively, and 
then incubated with 2 μl of FITC-conjugated rat anti-mouse Ig antibody. Fluorescence 
histograms shown by the cells were obtained using FACS, and the median fluorescence 
intensity was measured. All determinations were carried out in triplicate. Squares and 
triangles, sera from untreated mice; diamonds and circles, sera from mice treated with 
DC/T + IL-12.
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We examined whether antitumor activity was also induced by 
treatment with DC/Ts in another FAP model, APCMin–/+ mice (Fig-
ure 3B). Development of tumors was suppressed by treatment 
with DC/Ts, as it had been in APC1309 mice. Treatment with 
DC/T + IL-12 caused a further reduction in tumor development 
as compared with DC/T treatment alone.

Cytotoxic activity of splenocytes from mice treated with DC/Ts. 
Splenocytes from mice treated with DC/Ts alone and from mice 
treated with DC/T + IL-12 were incubated with IL-2 for 4 days and 
then examined for their cytotoxic activity against tumor T cells 
as described earlier. Comparison with splenocytes from untreat-
ed mice showed no significant increase in the cytotoxic activity 
against tumor T cells. Since tumor T cells express MHC class I 
molecules constitutively, CTLs specific for tumor T cells are able to 
recognize the tumor cells and kill them. The aforementioned find-
ings indicate that CTLs specific for tumor T cells were not gener-
ated. Splenocytes from DC/T-treated and DC/T + IL-12–treated 
mice were incubated with irradiated tumor T cells or DC/Ts in the 
absence of IL-2. This treatment of splenocytes also caused no sig-
nificant increase in the cytotoxic activity. Moreover, pretreatment 
of the tumor T cells with IFN-γ to enhance MHC class I expres-
sion and increase susceptibility to CTLs did not increase cytotoxic 
activity. That killing of YAC-1 cells by splenocytes was unaffected 
by treatment of mice with either DC/Ts alone or DC/T + IL-12 
indicates that NK cell activity was not induced.

The inability of the splenocytes to kill tumor T cells may be due 
to their resistance to T cell–mediated killing. Splenocytes from 
BALB/c mice inoculated with tumor T cells derived from C57BL/6J 

were examined at an E/T ratio of 80:1 for their cytotoxicity against 
tumor T cells and MC38 cells with the same genetic background as 
tumor T cells. Percentage lysis of MC38 cells by splenocytes from 
mice that were inoculated and those that were not was 21.8% ± 2.0% 
(n = 3) and 2.2% ± 1.7% (n = 3), respectively. Depletion of CD8+ T cells 
with the MACS magnetic sorting system decreased significantly the 
percentage lysis of MC38 cells by the splenocytes from inoculated 
mice to 7.3% ± 0.3% (n = 3) (P < 0.001). Percentages of lysis of T cells 
by splenocytes from the inoculated and uninoculated mice were 
4.4% ± 0.4% (n = 3) and 3.2% ± 0.5% (n = 3), respectively.

Induction of humoral antitumor immunity by treatment with DC/Ts. 
To assess the induction of antitumor antibody, tumor T cells were 
incubated with sera from APC1309 mice and then with FITC-con-
jugated rat anti-mouse Ig, and analyzed with FACS. The amount of 
Ig bound to tumor T cells was estimated by determining the median 
fluorescence intensity. Tumor T cells showed higher median fluo-
rescence intensity when incubated with sera from mice inoculated 
with DC/T + IL-12 than when incubated with sera from untreated 
mice (Figure 4, A–D). However, MC38 colon carcinoma cells, B16 
melanoma cells, and Hepa1-6 hepatocellular carcinoma cells did 
not show increased median fluorescence intensity when incubated 
with sera from mice treated with DC/T + IL-12, although low serum 
reactivities with these cells were seen (Figure 4, A–D). Prior incuba-
tion of sera from mice treated with DC/T + IL-12 with tumor T cells 
decreased the median fluorescence intensity to a level comparable to 
that found with sera from untreated mice (Figure 4E). The median 
fluorescence intensities shown by tumor T cells on incubation with 
sera from mice treated with DC/T + IL-12 decreased with dilution of 

Figure 5
Analysis of Ig subclass of antibody to tumor T 
cells. Tumor T cells were incubated, first with 
30-fold diluted sera from mice treated with DC/T 
+ IL-12 as described in the legend for Figure 4, 
and then with rat anti-mouse antibody specific 
for IgG1, IgG2a, IgM, or IgA as described in 
the text. (A) Serum from untreated mouse; (B) 
serum from mouse treated with DC/T + IL-12.

Figure 6
Relationship between the number of gastrointestinal tumors and the 
median fluorescence intensity shown by the tumor cells incubated with 
serum. Gastrointestinal tumors were counted as described in the legend 
for Figure 3A. The median fluorescent intensities shown by tumor cells 
incubated with sera and then with FITC-conjugated rat anti-mouse Ig 
antibody were determined as described in the legend for Figure 4. Each 
symbol represents the number of gastrointestinal tumors and the medi-
an fluorescence intensity for individual mice. Filled squares, untreated 
mice; open circles, mice treated with DC/T; filled circles, mice treated 
with DC/T + IL-12 (correlation coefficient: –0.535; P < 0.05).
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the sera (Figure 4F). Together, these findings indicate that sera from 
mice treated with DC + IL-12 contained antibody against tumor T 
cells. Subclass analysis of antibody with antibodies specific for IgG1, 
IgG2a, IgA, and IgM demonstrated that Ig reactive with tumor T 
cells was mainly IgG1, although small amounts of IgM antibody 
were detected (Figure 5). No IgG2a antibody, which reflected induc-
tion of Th1 response, was detected.

The mean median fluorescence intensity with sera from DC/T-
treated mice was significantly higher than that with sera from 
untreated mice (14.76 ± 7.05 vs. 3.08 ± 0.40; P < 0.05) (Figure 
6). Moreover, the mean median fluorescence intensity with sera 
from DC/T + IL-12–treated mice was greater than that obtained 
with sera from DC/T-treated mice (24.66 ± 12.61 vs. 14.76 ± 7.05;  
P < 0.05). Importantly, there was a negative correlation between 
median fluorescence intensities and the numbers of tumors at 10 
weeks of age in DC/T- and DC/T + IL-12–treated mice (correlation 
coefficient: –0.535; P < 0.05).

Effect of depletion of CD4+ or CD8+ T cells on the antitumor effect 
induced by DC/T + IL-12. The studies just cited showed that CTLs 
were not involved in the prevention of tumor development. To 
confirm this result, we administered anti-mouse CD4 and anti-
mouse CD8 mAb’s to mice treated with DC/T + IL-12 to deplete 
CD4+ and CD8+ T cells in vivo, respectively. In mice injected with 
anti-CD4 mAb’s, the numbers of CD4+ T cells were 43.3%, 42.3%, 
and 3.0% of the baseline level on 1, 3, and 6 days, respectively, after 
the last injection, whereas those of CD8+ T cells were 73.7%, 59.9%, 
and 66.0%. In mice injected with anti-CD8 mAb’s, the numbers of 
CD8+ T cells were 25.1%, 22.2%, and 2.7% of the baseline level on 
1, 3, and 6 days, respectively, after the last injection, whereas the 
those of CD4+ T cells were 83.3%, 74.0%, and 113.3%. Mice given 
anti-CD4 antibody had significantly more tumors than those 
given anti-CD8 antibody (P < 0.01) (Figure 7). Furthermore, the 
number of tumors in the mice given anti-CD4 antibody did not 
differ significantly from that in the untreated mice.

ELISPOT assay for T cells secreting IL-4 and IFN-γ. To confirm the pre-
dominance of the Th2 response in the antitumor immunity induced 
by DC/Ts, we performed ELISPOT assays for the frequencies of 
CD4+ T cells and CD8+ T cells producing IL-4 or IFN-γ (Tables 1 
and 2). In CD4+ T cells stimulated in vitro with DC/T, the frequen-
cies of cells secreting IL-4 and IFN-γ were higher in mice treated with 
DC/Ts and with DC/T + IL-12 than in untreated mice (Table 1). In 
the treated mice, cells secreting IL-4 were more frequent than cells 
secreting IFN-γ (P < 0.001). In CD4+ T cells stimulated with tumor 
T cells, the frequency of cells secreting IFN-γ was not increased, 
although that of cells secreting IL-4 was increased markedly.

On stimulation of CD8+ T cells with DC/Ts, the frequency of cells 
secreting IFN-γ was slightly higher in those from mice treated with 
DC/T + IL-12, not mice treated with DC/Ts alone, than in those 
from untreated mice (Table 2). On stimulation of CD8+ cells with 
the irradiated tumor T cells, however, there was no difference with 
respect to the frequency of CD8+ T cells secreting IFN-γ between 
untreated and treated mice. Cytotoxic activity of serum IgG from mice 
treated with DC/T + IL-12 against tumor T cells. Sera from mice treated 
with DC/T + IL-12 were cytotoxic in vitro against tumor T cells. 
To exclude involvement of complement or other cytotoxic factors 
in the sera, we purified IgG from sera of mice treated with DC/Ts 
alone or with DC/T + IL-12 and examined it for in vitro cytotoxic 
activity against tumor T cells. Tumor T cells were cultured for 48 
hours in the medium containing various concentrations of IgG 
purified from sera of untreated mice, mice treated with DC/Ts 
alone, or mice treated with DC/T + IL-12. Phase-contrast microsco-
py showed that most tumor cells were detached from the plate after 
culture in the medium containing IgG from DC/T + IL-12–treated 
mice (Figure 8B), while the tumor cells remained attached to the 
plate after culture in the presence of the same concentration of 
IgG from untreated mice (Figure 8A). Since all detached cells were 
stained with Trypan Blue and the attached cells were not, the cells 
attached to the plate were counted as viable cells. IgG from DC/T-
treated mice decreased the viable cells in a dose-dependent manner, 
whether they were treated with IL-12 or not (Figure 9).

Ig on the surface of tumor cells in the tumor tissue of mice treated with 
DC/T + IL-12. Some CD4+ T cells were observed in the tumor tissue 
of DC/T + IL-12–treated mice but not in that of untreated mice, 

Figure 7
Effect of administration of anti-CD4 mAb’s or anti-CD8 mAb’s on the 
antitumor effect induced by DC/Ts. Anti-mouse CD4 mAb’s or anti-
mouse CD8 mAb’s were administered at a dose of 0.5 mg/mouse 
intraperitoneally, 1 day before and 2 days after each of the DC/T inocu-
lations; these mice were treated with IL-12 and sacrificed at 10 weeks 
of age as described in the text. The tumors in the gastrointestinal tracts 
were counted as described in the legend for Figure 3. Each column 
represents mean ± SD (error bar) of the number of tumors (n = 3).  
*P < 0.01; **P < 0.001.

Figure 8
Phase-contrast microscopy of tumor cells cultured with IgG purified 
from mice treated with DC/T + IL-12. Tumor T cells were cultured for 
48 hours in the presence of 0.02 mg/ml IgG purified from untreated 
mice (A) and mice treated with DC/T + IL-12 (B). Many tumor cells 
were detached from the culture plate in the presence of IgG from mice 
treated with DC/T + IL-12.
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whereas very few CD8+ T cells were seen in the tumor tissue of either 
DC/T + IL-12–treated mice or untreated mice (data not shown). 

Numerous enlarged lymphoid follicles were found on the 
mucosal surface of the intestines of mice treated with DC/Ts alone 
and those treated with DC/T + IL-12, but not in the intestines of 
untreated mice. Immunofluorescence microscopy of the lymphoid 
follicles demonstrated a predominant population of CD45R+ and 
Ig+ cells. Ig was bound to the tumor cell surface in the tumor tissue 
of a mouse treated with DC/T + IL-12 (Figure 10, arrows).

Discussion
The ability of DCs loaded with TAAs to prime naive T cells capable 
of recognizing and killing tumor cells in an antigen-specific manner 
has been demonstrated in various animal models (34). Given the 
genomic instability associated with development of tumors, numer-
ous TAAs are potential targets for antitumor immunity. However, 
TAAs have been identified in few tumors. Approaches to loading 
DCs with unidentified TAAs include pulsing DCs with tumor cell 
lysates, transfection of DCs with tumor cell RNA, and fusion of DCs 
with tumor cells (26–28). There are two methods for generation of 
fusion cells: PEG treatment and electrofusion (35). Fusion efficacy 
of PEG treatment and vaccine potency of fusion cells in induction 
of antitumor immunity is similar to those of electrofusion (35). In 
the present study, we used PEG treatment to load DCs with tumor 
cells. Fusion cells express both tumor antigens and the DC-derived 
molecules needed to prime an immune response (36).

To assess generation of DC/Ts, a mixture of DCs and 
tumor T cells that had been stained with FITC-conjugated 
anti-CD80 and PKH26GL respectively, were treated with 
PEG or not so treated, cultured overnight, and examined by 
two-color FACS analysis and fluorescence microscopy. FACS 
analysis showed that PEG treatment of a mixture of DCs 
and tumor cells increased the frequency of cells stained with 
both FITC-conjugated anti-CD80 and PKH26GL which were 
considered DC/Ts. With fluorescence microscopy, almost 
all cells collected after treatment with PEG were DC/Ts that 
contained red-fluorescent tumor cells, a finding suggesting 
that DCs phagocytose tumor cells rather than fuse with them 
and that DCs are loaded with tumor cells by phagocytosis. 
The discrepancy of DC/T frequencies estimated by FACS 
analysis and fluorescence microscopy may be due to FACS 

analysis not being able to detect all DCs that phagocy-
tosed the tumor cells. The pathways through which DCs 
take up antigens and present them to T lymphocytes 
include receptor-mediated endocytosis, macropinocyto-
sis, and phagocytosis (37). Physiologically, phagocytosis 
is probably a major route for the uptake of antigens and 
presentation of the antigen-derived peptides on MHC 
class I as well as MHC class II molecules (cross presenta-
tion) (37). The frequency of DCs containing tumor cells 
was higher in a PEG-treated mixture of DCs and tumor T 
cells than in a similar mixture not treated with PEG. This 
finding shows that treatment of DCs and tumor cells 
with PEG causes efficient internalization of tumor cell by 
DCs. The present study showed that internalization by 
phagocytosis of whole tumor cells into DCs could induce 
the antitumor immunity. However, PEG-treated tumor 
T cells might have been phagocytosed by the recipient 
APCs to induce the antitumor effect. This possibility was 
excluded by the finding that the administration of PEG-

treated tumor T cells did not induce the antitumor effect.
In the present study, APC1309 and APCMin–/+ mice, in which 

many gastrointestinal tumors developed spontaneously, were 
immunized with DC/Ts. Our results demonstrate that the treat-
ment with DC/Ts can prevent further development of gastrointes-
tinal tumors in both mouse models. Although DCs were loaded 
with tumor cells derived from APC1309 mice and the mutation 
site of the APC gene differed between APC1309 and APCMin–/+ mice, 
tumor development in APCMin–/+ mice was also inhibited by inocu-
lation with DC/Ts. This result suggests that tumor cells generated 
by mutation of the APC gene express common antigen despite hav-
ing different sites of gene mutation.

Our present study found that APC1309 mice treated with DC/T 
+ IL-12 had fewer tumors at 10 weeks of age than did untreated 
mice at 6 weeks of age, a finding that suggests that this combined 
treatment causes preexisting tumors to regress. Although admin-
istration of IL-12 alone reportedly induced antitumor activity in 
some mouse tumor models (38, 39), we found no evidence that 
IL-12 alone had any preventive effect on the spontaneous develop-
ment of tumors in APC1309 mice.

In the present study, DC/T inoculation alone or with IL-12 
induced no detectable in vitro cell-mediated cytotoxic activity 
against tumor cells. However, as shown later, this was due to the 
intrinsic resistance of tumor T cells to cytotoxicity. Splenocytes 
from BALB/c mice inoculated with tumor T cells did not induce 

Table 2
Frequencies of cells secreting IL-4 and IFN-γ in CD8+ T cells stimulated 
with DC/Ts or irradiated tumor T cells (T)

 DC/T-stimulated T-stimulated
Mice IL-4A IFN-γB IL-4A IFN-γB

Untreated 2.3 ± 0.5 7.7 ± 1.7 0.4 ± 0.2 1.3 ± 0.3
Treated with DC/Ts 2.6 ± 0.5 9.1 ± 0.5 0.3 ± 0.2 1.3 ± 0.2
Treated with DC/T + IL-12 3.3 ± 0.5 10.7 ± 0.5C 0.5 ± 0.1 1.2 ± 0.2

Note: Frequencies of cells secreting IL-4 and IFN-γ in CD8+ T cells stimulated 
with DC/Ts or irradiated tumor T cells were determined by ELISPOT assays as 
described in the note for Table 1 and expressed as the number of spots per 104 
CD8+ T cells. Values represent means ± SD (n = 3). AFrequency of cells secreting 
IL-4. BFrequency of cells secreting IFN-γ. CP < 0.05 vs. untreated.

Table 1
Frequencies of cells secreting IL-4 and IFN-γ in CD4+ T cells stimulated with 
DC/Ts or irradiated tumor T cells (T)

Mice DC/T-stimulated T-stimulated

 IL-4A IFN-γB IL-4A IFN-γB

Untreated 9.3 ± 1.1 4.3 ± 2.5 2.5 ± 0.3 7.0 ± 0
Treated with DC/Ts 33.9 ± 2.3C 14.6 ± 2.1D 12.5 ± 1.3C 9.7 ± 2.1
Treated with DC/T + IL-12 31.2 ± 1.6C 13.0 ± 3.0E 18.9 ± 1.3C,F 6.7 ± 1.2

Note: CD4+ T cell–enriched fractions were prepared from splenocytes of untreated 
APC1309 mice and those treated with DC/Ts or DC/T + IL-12 as described in the 
text. After stimulation of these fractions with DC/Ts or irradiated tumor T cells, fre-
quencies of cells secreting IL-4 or IFN-γ were determined by ELISPOT assays as 
described in the text and expressed as number of spots per 104 CD4+ T cells. Values 
represent means ± SD (n = 3). AFrequency of cells secreting IL-4. BFrequency of 
cells secreting IFN-γ. CP < 0.001 vs. untreated; DP < 0.01 vs. untreated; EP < 0.05 vs. 
untreated; FP < 0.01 vs. DC/T.



research article

 The Journal of Clinical Investigation   http://www.jci.org   Volume 113   Number 9   May 2004 1315

significant lysis of tumor T cells, whereas they exhibited substantial 
lytic activity against MC38 cells with the same genetic background 
as tumor T cells. The significant decrease of lysis of MC38 by in 
vitro CD8+ T cell depletion indicates that the cytotoxic activity by 
splenocytes was mainly mediated by CD8+ T cells. These findings 
suggest that tumor T cells were resistant to T cell–mediated lysis. 
Because CTL assays could not be used as an indicator of elicited 
CD8+ T cell responses, IFN-γ ELISPOT assays of CD8+ T cells were 
performed instead. The stimulation of CD8+ T cells of the treated 
mice with tumor T cells or DC/Ts caused no substantial increase in 
the frequency of those secreting IFN-γ in ELISPOT assays as com-
pared with untreated mice. Furthermore, stimulation of CD8+ T 
cells with tumor T cells did not increase the production of IFN-γ in 
the treated and untreated mice (data not shown). In mice treated 
with DC/Ts and those treated with DC/T + IL-12, the predominance 
of CD4+ T cells secreting IL-4 over those secreting IFN-γ on the 
stimulation with DC/Ts favored the induction of a Th2 response. 
Together, these findings suggested that the Th2 response predomi-
nated in mice inoculated with DC/Ts. Furthermore, we found no 
evidence that CD8+ T cells infiltrated tumor tissue, although CD4+ 
T cells infiltrated to a modest degree (data not shown). The results 
demonstrate that DC/T vaccination induces an antibody response 
against tumor T cells. The negative correlation of antibody activ-
ity with the number of tumors suggests that the prevention and 
regression of tumors were mediated by the antibody in vaccinated 
mice. A CD8+ T cell–depletion study also excluded a possible role of 
CTL-mediated cytotoxicity in DC/T-induced antitumor immunity. 
The depletion of CD8+ T cells by administration of anti-CD8 mAb’s 
did not decrease the antitumor effect induced by treatment with 
DC/T + IL-12, whereas the depletion of CD4+ T cells by administra-
tion of anti-CD4 mAb’s abolished the antitumor effect, indicating 
the critical role of CD4+ T cells in the induction of antitumor effect. 
The failure of anti-CD8 mAb’s administration to diminish the anti-
tumor effect might be due to insufficient depletion of CD8+ T cells. 
A previous study showed that the number of DCs and DC/Ts in 
draining lymph nodes peaked 24-48 hours after injection and then 
gradually decreased after 96 hours (40). In our experimental design, 
CD8+ T cells were predicted to decrease to 25%, 20%, and about 3% 
of the baseline level at 3, 5, and 8 days, respectively, after the inocu-
lation of DC/Ts. Thus it seems reasonable to assume that CD8+ T 
cells were markedly reduced during their priming phase and that 

primed CD8+ T cells were depleted. Despite this probability, the 
antitumor immunity was not inhibited, ruling out involvement of 
CTLs in the antitumor immunity.

IgG from mice treated with DC/Ts alone or with DC/Ts + IL-12 
killed tumor cells in vitro without addition of complement, 
indicating that the antibody directed against tumor T cells was 
itself cytotoxic. Since the antibody reacted with intact tumor T 
cells, the target antigen is apparently on the surface, allowing the 
circulating antibody to react with the antigen. A cytotoxic mAb 
that binds to ErbB-2, a member of the EGFR family, and induced 
apoptosis has been reported (41). The antibody produced in the 
mice inoculated with DC/Ts might be directed against growth 
factor receptor–related molecules.

The foregoing findings differ from those of previous studies 
showing that vaccination with DCs fused with tumor cells by PEG 
induced CTLs against tumor cells (36, 40, 42–44). In the present 
study, DC/T vaccination with or without IL-12 treatment induced 
production of IgG1 class antibodies, which are characteristic of the 
Th2 response. Furthermore, the antibody activity was higher in 
mice treated with DC/T + IL-12 than in those treated with DC/Ts 
alone. IL-12 generally induces a Th1 response including enhance-
ment of cell-mediated immunity and production of IgG2a class 
antibodies (45, 46). However, IL-12 stimulated post-switched cells, 
including cells producing IgG1, to secrete increased amounts of 
antibody (47). We have no definitive explanation for the induction 
of the Th2 response, but not the Th1 response, in the present study. 
Failure to induce CTL-mediated cytotoxicity may be due to a defect 
of maturation capacity of DCs treated with PEG. Comparison of 
phenotypic expressions of DCs and DC/Ts showed that there was 
no phenotypic difference except slightly increased expression of  
I-Ab in DC/Ts as compared with DCs. Production of IL-12 by DC/Ts 

Figure 9
Cytotoxicity shown by IgG purified from sera of mice treated with DC/Ts  
or DC/T + IL-12. Tumor T cells (2 × 105 cells) were cultured for 48 
hours in the medium containing various concentrations of IgG purified 
from sera of mice untreated or treated with DC/Ts or DC/T + IL-12. 
After removal of the medium, the cells that adhered to the plate were 
detached by trypsinization and counted. All determinations were car-
ried out in triplicate. Three independent experiments were performed 
with similar results. A typical experiment is shown.

Figure 10
Immunofluorescence microscopy of gastrointestinal tumors. Tumors of 
APC1309 mice were analyzed with FITC-conjugated rat anti-mouse 
Ig antibody. Note the abundant Ig on tumor cells in the tumor tissue 
of a mouse treated with DC/T + IL-12. Original magnification: ×40. (A) 
Tumor tissue of untreated mouse; (B) tumor tissue of mouse treated 
with DC/T + IL-12. Arrows indicate Ig bound to tumor cells under the 
immunofluorescence microscope.
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was diminished as compared with DCs, a situation that might also 
favor a Th2 response. Thus the inhibition of DC maturation by PEG 
treatment was ruled out as a cause of the failure to induce CTL-
mediated cytotoxicity. One of the explanations may be that tumor 
cells were loaded on DCs mainly by phagocytosis. We emphasize 
that in those studies inoculation of DCs loaded with tumor anti-
gens inhibited or prevented the growth of transplanted tumor cells, 
not of tumors that developed spontaneously. To our knowledge, the 
present study is the first to demonstrate that a DC-based vaccine 
prevents the spontaneous development of tumor in animal mod-
els. In HER-2/neu transgenic mice, Nanni et al. showed the preven-
tion of spontaneous mammary carcinogenesis through vaccination 
with allogeneic tumor cells along with systemic administration of 
IL-12 (48). This strategy did not induce CTL-mediated cytotoxic-
ity against tumor cells, but the antibody subsequently generated to 
p185neu induced complement-dependent lysis of syngeneic tumor 
cells . In that study, however, they suggested that, in the antitumor 
effect, IL-12-induced production of IFN-γ by CD8+ T cells played a 
central role by modulating the behavior of tumor cells. In our pres-
ent study, ELISPOT assays did not provide us with evidence that 
IL-12 increased the production of IFN-γ by CD8+ T cells.

Our study demonstrates that DC/T vaccination inhibits the 
spontaneous development of tumor in genetic tumor models, indi-
cating that this vaccination strategy may be also effective for pre-
venting tumor development in FAP patients with APC gene muta-

tions. The current treatment of choice in patients with colorectal 
cancers is surgical resection, which can miss small tumors. Howev-
er, surgical resection does provide cancer specimens large enough 
to prepare tumor cells for generation of DC/Ts. Immunization 
with DC/Ts could then be used to prevent tumor recurrence. In 
our preliminary study, subcutaneous administration of DC/Ts was 
as effective as intravenous administration for inducing antitumor 
immunity. The antibody detected in DC/T-treated mice might be 
used to cause preexisting tumor to regress and prevent additional 
tumors from developing. Our laboratory continues to produce 
mAb’s reactive with tumor cells and to identify target antigens.
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