
CT26 TP DCs 383 ± 65 mm3, P  < 0.05) and protective 
models. Moreover, the CT26 TP AdVIL-12/DC vaccination 
enhances tumor-specific CTL activity, producing high 
levels of IFNγ in immunized mice. Ex vivo  primed T cells 
with AdVIL-12/DCs were able to induce more effective 
CTL activity than in primed T cells with CT26 TP/DCs  
(E:T = 100:1, 69.49% ± 6.11% specific lysis vs  37.44% 
± 4.32% specific lysis, P  < 0.05).

CONCLUSION: Vaccination with recombinant AdVIL-12 
transduced DC pulsed tumor cell lysate enhance anti-
tumor immunity specific to colon cancer in mice. 

© 2008 WJG. All rights reserved.
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INTRODUCTION
Colon cancer is one of  the most common cancers[1]. 
Although there has been great progress in colon cancer 
therapy, it is still difficult to treat advanced colon cancer 
because it has usually metastasized to lymph glands and 
other organs. Currently, radical surgery represents the 
standard method of  therapy. Adjuvant therapy such as 
chemotherapy and radiation therapy have been widely 
applied, but colon cancer control at the advanced stage 
remains difficult[2,3]. A new adjuvant therapeutic method 
is needed in order to improve the 5-year survival rate of  
patients with colon cancer. Today, tumor immunotherapy 
for colon cancer is extremely appealing[4,5].

Dendrit ic cel ls (DCs) are professional antigen 
presenting cells (APCs) that both initiate and modulate 
the immune response[6]. DCs are cells in the pathway 
of  antigen capture and presentation to T cells, with the 
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Abstract
AIM: To investigate the effect of a vaccine with 
recombinant adenovirus interleukin-12 (AdVIL-12) 
transduced dendritic cells (DCs) against colon cancer in 
mice.

METHODS: DCs and AdVIL-12 were incubated 
together at different time intervals and at different 
doses. Supernatant was collected and tested for IL-12 
by enzyme-linked immunosorbent assay (ELISA). In 
order to determine whether tumor cell lysate-pulsed 
(TP) AdVIL-12/DCs enhance therapeutic potential in the 
established tumor model, CT26 colon tumor cells were 
implanted subcutaneously (s.c.) in the midflank of naïve 
BALB/c mice. Tumor-bearing mice were injected with 
a vaccination of CT26 TP AdVIL-12/DCs on d 3 and 10. 
As a protective colon tumor model, naïve BALB/c mice 
were immunized s.c. in their abdomens with CT26 TP 
AdVIL-12/DCs twice at seven day intervals. After the 
immunization on d 7, the mice were challenged with 
a lethal dose of CT26 tumor cells and survival times 
were evaluated. Subsequently, cytotoxic T lymphocyte 
(CTL) activity and interferon gamma (IFNγ) secretion 
was evaluated in the immunized mice, and assayed CTL  
ex vivo .

RESULTS: Murine DCs were retrovirally transduced 
with AdVIL-12 efficiency, and the AdVIL-12 transduced 
DCs secreted a high level of IL-12 (AdVIL-12/DCs,  
615.27 ± 42.3 pg/mL vs  DCs, 46.32 ± 7.29 pg/mL, 
P  < 0.05). Vaccination with CT26 TP AdVIL-12/DCs 
could enhance anti-tumor immunity against CT26 colon 
tumor in murine therapeutic models (tumor volume 
on d 19: CT26 TP AdVIL-12/DCs 107 ± 42 mm3 vs  
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unique ability to directly prime naïve CD4+ and CD8+ T 
cells. They posses the ability to efficiently uptake, process, 
and present antigens on major histocompatibility complex 
(MHC) classⅠand Ⅱ molecules, together with co-
stimulatory molecules such as B7 and CD40[7]. Therefore, 
DCs are believed to be essential for stimulating tumor-
specific cytotoxic T lymphocytes (CTL) and inducing the 
protective and therapeutic anti-tumor immunity against 
cancer cells. There have been attempts to produce vaccines 
based on DCs, including immunizations by DCs pulsed 
with tumor lysates or apoptotic tumor cells or tumor 
RNA. DCs have been fused with tumor cells, transduced 
with peptides to elicit specific antitumor T cells and 
enhance anti-tumor immunity[8]. Now, DCs can be pulsed 
with synthetic peptides or proteins derived from known 
tumor associated antigens (TAA), such as MUC1, Her-2/
neu, tyrosinase, CEA or Melan-A/MART. Primary clinical 
studies were performed on melanoma patients using DCs 
pulsed with peptides or loaded with tumor cell lysates[9]. 
This data revealed that such vaccines could be safely 
applied without significant side effects and induce antigen-
specific CTL responses in vivo.

Interleukin (IL)-12 is a heterodimeric, proinflammatory 
cytokine produced by macrophages, DCs, and B cells, 
which stimulates T lymphocytes and natural killer cells 
to release interferon gamma (IFNγ) and promote an 
anti-tumor response[10,11]. Some studies have shown that 
IL-12 has powerful adjuvant properties and the immune-
modulating characteristics of  IL-12 are considered to 
be responsible for these effects. Therapeutic activity 
with IL-12 has been observed in various murine tumor 
models[12,13]. Transduction of  vaccine cells with IL-12 
genes can substantially improve their immunogenicity[10]. 
Trials with IL-12 gene-modified melanoma cells have also 
been initiated in humans[14]. Saika T et al[15] reported that 
DCs engineered to express murine IL-12 and pulsed with 
a tumor lysate, induce specific T cell responses and anti-
tumor immunity against a mouse prostate cancer model. 
This work suggests that adenovirus-mediated IL-12 gene 
transduction enhanced the immune responses.

In this study, we demonstrated that vaccination with 
DCs engineered to express IL-12 by adenovirus-mediated 
gene transfer and pulsed with CT26 colon tumor cell 
lysate, enhanced tumor-specific CTL activity and anti-
tumor immunity in CT26 colon tumor models, suggesting 
promising strategy for colon cancer immunotherapy. 

MATERIALS AND METHODS
Animals
Female BALB/c (H-2d) and C57BL/6 (H-2b) mice (8-10 
wk old) were purchased from the Shanghai Experimental 
Animal Center, Chinese Academy of  Sciences (Shanghai, 
China). All mice were kept under pathogen-free conditions 
in the animal center of  the Shanghai Second Medical 
University (Shanghai, China). 

Cell 
CT26 (H-2b), a mouse colon adenocarcinoma cell line, 
and SGC-7901 (H-2b), the gastric cancer cell line were 
purchased from the Shanghai Cell Biology Institutes, 

Chinese Academy of  Sciences (Shanghai, China). CT26 cell 
lines grow in BALB/c mice. Both cell lines were cultured 
in RPMI (Roswell Park Memorial Institute) medium 
1640 (GIBCO, USA) containing 10% heat-inactivated 
fetal calf  serum (FCS), 2 mmol/L glutamine, penicillin G 
(100 U/mL), and streptomycin (100 µg/mL) at 37℃ in a 
humidified incubator supplemented with 5% CO2.

Major   
Murine granulocyte-macrophage colony-stimulating factor 
(GM-CSF), IL-4, IL-2, and IL-7 were purchased from 
Becton Dickinson (New Jersey, USA). Phenotypic analysis, 
fluorescein isothiocyanate (FITC)- or phycoerythrin (PE)-
labeled monoclonal antibodies against murine cell surface 
molecules, such as MHCⅠ(H-2Kd), MHC Ⅱ (I-Ab), 
CD11b, CD11c, CD40, CD80, CD86, and CD8α, were 
provided by Pharmigen (CA, USA). Mitomycin C (MMC) 
was purchased by Jingmei Biothe (Shenzhen, China). 

Generation of bone marrow-derived DCs
Primary bone marrow DCs (BM-DCs) was obtained 
from mouse bone marrow precursor according to a 
protocol by Zhang et al[16]. BALB/c mice bone marrow 
was obtained from tibia and femurs by flushing with the 
media. Tissue was minced in a single-cell suspension 
through a nylon mesh. BALB/c mice bone marrow cells 
were stained sequentially with biotinylated anti-c-kit MAb 
and Streptavidm MicroBeads (Dynal, Norway). c-kit+ 
hematopoietic progenitor cells were magnetically isolated 
with a MiniMACS separator (Milteyi Biotec, Auburn, CA) 
from the of  BALB/c mice bone marrow cells. The cells  
(6 × 106) were cultured for 7 d in fresh RPMI medium 
1640 containing 10% FCS, GM-CSF (4 ng/mL), and IL-4 
(10 ng/mL).

Immunofluorescence staining 
DC immunof luorescence analysis was performed 
as previously described [16,17]. In brief, DCs prepared 
and isolated from BALB/c mice, as described above  
(2 × 105-4 × 105 cells), were incubated with FITC-labeled 
MAbs against CD40, CD11b, CD11c, or CD80 and PE-
labeled MAbs against MHCⅠ, MHC Ⅱ, CD86 or CD8α 
followed by FACScan analysis (Becton Dickinson, USA). 
Instrument compensation was set in each experiment 
using two-color stained samples.

Recombinant adenovirus vector 
Recombinant adenoviruses IL-12 (AdVIL-12) ecoding the 
murine IL-12 gene were donated by Dr. Y. Y. Zhang (Health 
Science Center of  Shanghai Institutes for Biological 
Sciences, Chinese Academy of  Sciences, China). These 
recombinant adenoviruses were propagated in 293 cells 
and purified on a CsCl density gradient. Their titres were 
determined using a plaque assay on 293 cells. Aliquots of  
the adenovirus solutions were stored at -80℃.

Adenoviral transduction of DCs and secretion of IL-12
DCs generated on d 8 were plated at 2 × 106 cells/well 
in 1ml of  RPMI 1640 medium containing 10% FCS with 
AdVIL-12 at a multiplicity of  infection (MOI) of  100. 
After 2 h incubation at 37℃ in a humidified incubator 



supplemented with 5% CO2 with gentle agitation every 
20 min, the DCs culture medium was replaced with 2 mL 
of  RPMI 1640 medium supplemented with 10% FCS, 
and the cells were incubated for another 48 h. AdVIL-12 
transduced DCs (AdVIL-12/DCs) were harvested, washed 
twice with PBS, and used for the tumor cell lysate pulsing 
in vitro. Immunofluorescence analysis of  AdVIL-12/DCs 
was performed as described above.

DCs (1 × 106) were infected with AdVIL-12 at MOI 
100. Viral supernatant was replaced after 2 h with the 
cell culture medium. The supernatant was collected and 
tested for mIL-12 by enzyme-linked immunosorbent assay 
(ELISA) kit (Rockford, IL, USA) at different time intervals 
(0, 12, 24, 48, 72, 96 h). Moreover, DCs were infected with 
AdVIL-12 at different MOI (50, 100, 200, 300, 500). The 
supernatant was collected 48 h later and tested for mIL-12 
by ELISA.

Pulsing DCs with tumor cell lysates
DCs were pulsed with freeze-thawed tumor lysate at a 1:3 
DCs: tumor ratio. CT26 tumor (6 × 106) were lysed by 
rapid freezing (liquid nitrogen) and thawing in a 37℃ bath 
three times. The AdVIL-12 transduced DCs (AdVIL-12/
DCs, 2 × 106 cells/mL) or bone marrow-derived DCs  
(2 × 106 cells/mL) were incubated in six-well plates in the 
presence of  CT26 tumor lysates (6 × 106 cell equivalents/
mL) in RPMI Medium 1640 containing 10% FCS, GM-CSF  
(4 ng/mL), and IL-4 (10 ng/mL) for one day at 37℃ 
and 5% CO2. These CT26 tumor cell lysate-pulsed (TP) 
AdVIL-12/DCs or DCs were used for vaccination after 
one day.

Tumor model and DC-based vaccination
In the established tumor model, CT26 tumor cells (5 × 
105 cells per mouse) were implanted subcutaneously (s.c.) 
in the midflank of  naïve BALB/c mice (10/each group). 
Tumor-bearing mice were injected with 1 × 106 DCs 
vaccination: CT26 TP AdVIL-12/DCs or CT26 TP DCs 
on d 3 and 10. As a positive control, tumor bearing mice 
were treated in parallel with unstimulated DCs, CT26 
tumor lysate alone, or PBS alone. Tumor growth was 
assessed by calipers (mean of  2 perpendicular diameters) 
every 2-3 d. Tumor volume was estimated by the formula 
4/3 πr3. 

In the protective anti-tumor experiment, each group 
consisting of  10 naïve BALB/c mice were injected s.c. 
in their abdominal walls with 1 × 106 DCs vaccination: 
CT26 TP AdVIL-12/DCs or CT26 TP DCs on d 0, 7, and 
14. Control mice were injected with unstimulated DCs, 
CT26 tumor lysate alone, and PBS alone. Each mouse was 
challenged s.c. with a lethal dose of  2 × 106 CT26 cells 
on d 21. Survival differences among the groups receiving 
different vaccinations were evaluated following the primary 
challenge with CT26 cells.

Assays for cytotoxic T lymphocyte activity and interferon 
gamma secretion in the immunized mice
To confirm that tumor-specific cytotoxic T lymphocytes 
(CTLs) had been generated in the immunized mice, splenic 
CD3+ T cells from tumor-free mice that survived the CT26 
tumor challenge through d 61 following DC vaccination, 

were magnetically isolated using CD3 MicroBeads (Miltenyi 
Biotech, Bergisch Gladbach, Germany). T cells (1 × 106 
cells) from surviving mice were restimulated ex vivo by 
culturing in IMDM containing 10% FCS and MMC-
treated CT26 tumor cells (1 × 105). Five days later, the 
MMC-treated CT26 tumor cells and the T cells were 
collected for measuring CTL activity and IFNγ secretion. 
The restimulated effector T cells (2 × 105 in 100 µL per 
well) were added to the wells containing target CT26 or 
SGC-7901 tumor cells (5 × 104 in 100 µL per well) in 
96-well plates. Supernatant from each well was collected 
after 20 h and was measured cytolytic activity against 
target CT26 tumor cells and SGC-7901 tumor cells with a 
Cytotoxicity Detection Kit (LDH; Boehringer Mannheim, 
Mannheim, Germany), IFNγ production was determined 
with the mouse IFNγ ELISA kit (Endogen, Woburn, MA, 
USA). In some experiments, the target CT26 tumor cells 
(1.5 × 105) were incubated with a MAb to MHC classⅠ
molecules (anti-H2Db/H2Kb; 50 g/mL) or with control 
antibody (anti-H2Dd; 50 g/mL) at 37℃ for 30 min before 
the addition of  restimulated effector T cells to evaluate the 
specificity of  CTL activity.

Assays for cytotoxic T lymphocyte activity ex vivo
To confirm that tumor-specific cytotoxic T lymphocytes 
(CTLs) can be generated ex vivo, splenic CD3+ T cells 
(1 × 106 cells/mL) were magnetically isolated from naïve 
BALB/c mice using CD3 microBeads. These cells were 
cultured in RPMI medium 1640 containing 10% FCS, then 
primed ex vivo in the presence of  cytokines including IL-2 
and IL-7 (5 ng/mL per) at d 0, 7, and 14 with CT26 TP 
AdVIL-12/DCs or CT26 TP DCs at a 1:20 stimulator to 
responder cell ratio. Unpulsed DCs and AdVIL-12/DCs 
were used as controls. Fresh medium containing IL-2 
and IL-7 was exchanged every four days. The primed T 
cells were effector cells, CT26 or SGC-7901 tumor cells 
were target cells. On d 21, target cell suspension was 
added into 96 well plates, and effector cells were titrated 
to the dilutions target cells by serial dilutions (E-T mix, 
E:T, 1:1, 5:1, 10:1, 20:1, 50:1, 100:1). Supernatant from 
each well was collected after 20 h in order to measured 
cytolytic activity against target CT26 and SGC-7901 tumor 
cells, which was done with a cytotoxicity detection kit as 
mentioned above.

Statistical analysis
Differences were evaluated using Statistical Package for 
Social Science 11.0 (SPSS11.0). Statistical analysis was 
performed using a Student’s t test. Survival differences 
among mice groups were evaluated with a log-rank test of  
the Laplan-Meier survival curves. Statistical tests were two-
tailed. P values < 0.05 were considered to be statistically 
significant.

RESULTS
Phenotypic markers of DC analysis by FACScan
The phenotypic profile of  a representative population of  
bone marrow DCs was first determined. These DCs were 
expressed in moderate levels of  MHC classⅠ, CD11b and 
CD11c, high levels of  MHC class Ⅱ, moderate levels of  
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the co-stimulatory molecules CD40, CD80, and CD86, and 
very low levels of  CD8α. Phenotypic changes within the 
DCs induced by AdVIL-12 transduction were examined 
by phenotypic analysis. Expression levels of  CD80, CD86, 
and MHC class Ⅱ were increased in AdVIL-12/DCs 
compared with the DCs (Table 1). 

Secretion of IL-12by transduced DCs in vitro
Secretion analysis of  AdVIL-12/DCs, DCs and AdVIL-12 
was determined by incubation at different cultured time 
intervals and at different MOI, and supernatant was 
collected and tested for mIL-12 by ELISA. Figure 1 
illustrated that AdVIL-12/DCs secrete high levels of  
IL-12 at 48 h intervals. However, the levels of  IL-12 did 
not increase with time. In addition, the DCs transfected 
with AdVIL-12 at a MOI of  100 showed a significant 
increase in the IL-12 level against the control DCs. This 
was statistically significant (AdVIL-12/DCs, 615.27 ± 42.3 
pg/mL vs DCs, 46.32 ± 7.29 pg/mL, aP < 0.05, Figure 2).

Vaccination with CT26 TP AdVIL-12/DCs enhances anti-
tumor immunity in therapeutic or protective models
In order to deter mine whether or not CT26 TP 
AdVIL-12/DCs enhance therapeutic potential in the 
established tumor model, CT26 tumor cells (1 × 106) were 
implanted s.c. in the midflank of  naïve BALB/c mice 
(10/each group). Tumor-bearing mice were injected with 
different vaccinations on d 3 and 10. Figure 3 shows that 

tumor growth was significantly inhibited in mice vaccinated 
with CT26 TP AdVIL-12/DCs. Vaccination with CT26 
TP AdVIL-12/DCs significantly retarded tumor growth, 
and exerted a greater anti-tumor effect than CT26 TP 
DCs (tumor volume on d 19: PBS control 856 ± 95 mm3, 
CT26 tumor lysate control 748 ± 67 mm3, unstimulated 
DCs control 813 ± 73 mm3, CT26 TP DCs 383 ± 65 mm3, 
and CT26 TP AdVIL-12/DCs 107 ± 42 mm3, CT26 TP 
AdVIL-12/DCs vs CT26 TP DCs, aP < 0.05). Differences 
between CT26 TP AdVIL-12/DCs and CT26 TP DCs 
were statistically significant. 

CT26 TP AdVIL-12/DCs were used in vaccinations 
to see whether there were increases in anti-tumor 
immunity. Naïve BALB/c mice were immunized s.c. 
twice at 7 d intervals in abdominal walls with CT26 
TP AdVIL-12/DCs, CT26 TP/DCs, unpulsed DCs, 
tumor lysates alone, and PBS, respectively. On d 7 after 
secondary immunization, these mice were challenged 
with 2 × 106 CT26 tumor cells. All mice vaccinated with 
unstimulated DCs, tumor lysates alone, and PBS died 
within 30 d after CT26 tumor cell challenge (Figure 4). 
However, mice immunized with CT26 TP AdVIL-12/
DCs had significantly prolonged survival compared with 
the control or other vaccination groups. During the 60-d 
observation period, the mice vaccinated with CT26 TP 
AdVIL-12/DCs had a 90% survival rate and the mice 

Table 1  Phenotypic characteristics of AdVIL-12/DCs

DCs1                                                                        Mean fluorescence intensity
MHCⅠ MHCⅡ CD40 CD11b CD11c CD80 CD86 CD8α

Nontransduced 35 92 19 48 26 112 69 10
AdVIL-12 49 304a 23 56 30 271a 229a   9

1Nontransduced DCs and AdVIL-12 transduced DCs were harvested 6 d after the culture initiation and stained with the listed antibodies. Background intensities 
= 4-6. aP < 0.05 vs those of nontransduced DCs.
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Figure 1  IL-12 production by the DCs transduced with AdVIL-12. DCs and 
AdVIL-12 were incubated together at different time intervals (0 h, 12 h, 24 h, 
48 h, 72 h, 96 h). Supernatant was collected and tested for mIL-12 by ELISA, 
with nontransduced DCs as control. Data is representative of two independent 
experiments, with a given as mean ± SE.
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Figure 2  IL-12 production by the DCs transduced with AdVIL-12. BM-DCs was 
transduced with AdVIL-12 at various doses. DCs supernatant was examined 
48 hrs later for the IL-12 production by ELISA, with nontransduced DCs was as 
control. Statistical analysis used the paired Student’s t test. Data are given as 
mean ± SE. aP < 0.05 AdVIL-12/DCs (MOI 100) compared with nontransduced 
DCs or AdVIL-12/DCs (MOI 50). 1: Nontransduced DCs. 2: AdVIL-12/DCs (MOI 
50). 3: AdVIL-12/DCs (MOI 100). 4: AdVIL-12/DCs (MOI 300). 5: AdVIL-12/DCs 
(MOI 500).
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vaccinated with CT26 TP/DCs had a 50% survival rate, 
respectively, compared with the mice vaccinated with 
unpulsed DCs (0%), tumor lysates alone (0%), and PBS 
(0%). Survival advantage of  CT26 TP AdVIL-12/DC 
was statistically significant compared with the CT26 TP 
DC group or other control groups (Kaplan-Meier, P < 
0.05).

Enhancement of tumor-specific CTL responses
In order to determine whether vaccination with CT26 TP 
AdVIL-12/DCs enhances tumor-specific CTL responses 
and to see if  the response was tumor specific, we isolated 
splentic CD3+ T cells obtained from mice still alive 60 d 
(in CT26 TP AdVIL-12/DCs or CT26 TP/DCs group) 
after the CT26 tumor cells challenge. Assayed levels of  
IFNγ were determined, which is a reflection of  immune 
activation and cytotoxic activity against CT26 tumor 
cells or SGC-7901 tumor cells. Results demonstrated 
that the splenic mice CD3+ T cells vaccinated with CT26 
TP AdVIL-12/DCs produce higher levels of  IFNγ in 
vitro when stimulated with CT26 tumor cells than T 
cells obtained from mice vaccinated with CT26 TP/DCs 
(1685.88 ± 61.54 pg/mL in CT26 TP AdVIL-12/DCs 
group vs 912.58 ± 38.33 pg/mL in CT26 TP DCs, P < 0.05, 
Figure 5A). At the same time they showed substantially 
enhanced cytotoxic activity (21.86% ± 1.29% specific lysis 
in CT26 TP AdVIL-12/DCs group vs 12.67% ± 0.76% 
specific lysis in CT26 TP DCs, P < 0.05, Figure 5B). In 
addition, all splenic CD3+ T cells obtained from mice 
vaccinated with CT26 TP AdVIL-12/DCs and vaccinated 
with CT26 TP DCs produced high levels of  IFNγ and 
showed specific cytotoxic activity against CT26 tumor cells, 
but no cytotoxic activity when stimulated with SGC-7901 
tumor cells (Figure 5A and B). Furthermore, antibodies 
to MHC classⅠmolecules abrogated the cytolytic activity 
against CT26 tumor cells. Vaccination with CT26 TP 

AdVIL-12/DCs was shown to induce a MHC-I restricted 
CTL response (Figure 5C).

Finally, vaccination with CT26 TP AdVIL-12/DCs 
enhances tumor-specific CTL responses ex vivo. Naïve 
mouse splenic T cells were primed ex vivo with CT26 TP 
AdVIL-12/DCs or CT26 TP/DCs in the presence of  
IL-2 and IL-7 to elicit cytolytic reactivity against tumor 
cells. Unpulsed DCs and AdVIL-12/DCs were used as 
controls. Results demonstrated that primed T cells in vitro 
with AdVIL-12/DCs or CT26 TP/DCs were able to lyse 
parental CT26 tumor cells specifically, but not SGC-7901 
tumor cells. Also, T cells primed with unpulsed DCs or 
AdVIL-12/DCs did not induce specific CTL against CT26 
tumor cells or SGC-7901 tumor cells (Figure 6A and B). 
Furthermore primed T cells with AdVIL-12/DCs are 
able to induce effective CTL activity more than primed 
T cells with CT26 TP/DCs (E:T = 100:1, 69.49% ± 
6.11% specific lysis in CT26 TP AdVIL-12/DCs group vs 
37.44% ± 4.32% specific lysis in CT26 TP DCs, aP < 0.05, 
Figure 6A). It is possible that a vaccination with CT26 
TP AdVIL-12/DCs may enhance the anti-tumor immune 
response to syngeneic tumor cells.

Together, these results suggest that mice vaccinated 
with CT26 TP AdVIL-12/DCs, and subjected to CT26 
tumor cells, and primed T cells in vitro with AdVIL-12/
DCs, were more effective in generating generated MHC 
class I restricted CTLs specific for CT26 tumor cells. 

DISCUSSION
In our experiments we showed that murine BM-DCs could 
be retrovirally transduced with AdVIL-12 efficiency, and 
the AdVIL-12 transduced DCs could secrete high levels 
of  IL-12. Vaccination with DCs that were engineered to 
express IL-12 by adenovirus-mediated gene transfer could 
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Figure 3  Vaccination with CT26 TP AdVIL-12/DCs enhances anti-tumor immunity 
in therapeutic tumor models. CT26 tumor cells (5 × 105 cells per mouse) were 
implanted s.c. in the midflank of naïve BALB/c mice. On d 3 and 10, tumor-bearing 
mice were injected with 1 × 106 DCs vaccination with CT26 TP AdVIL-12/DCs. 
As control, tumor bearing mice were treated in parallel with CT26 TP DCs, 
unstimulated DCs, CT26 tumor lysate alone, or PBS alone. Tumor growth was 
assessed by calipers every 2-3 d thereafter. Tumor volume was estimated by the 
formula 4/3 πr3. Statistical analysis used the paired Student’s t test. Data are given 
as mean ± SE (n = 10 mice in each group). aP < 0.05, CT26 TP AdVIL-12/DCs vs 
CT26 TP DCs or the other control groups (d 19).
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The survival advantage conferred by the CT26 TP AdVIL-12/DC was statistically 
significant compared with CT26 TP DCs group and other control groups (Kaplan-
Meier, P < 0.05).
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enhance anti-tumor immunity against CT26 colon tumor 
in murine therapeutic and protective models. Moreover, in 
CTL response, vaccination with CT26 TP AdVIL-12/DCs 
enhanced tumor-specific CTL activity to produced high 
levels of  IFNγ.

Successful genetic modification of  murine BM-
DCs with retroviral vectors was demonstrated. Previous 
reports illustrated the feasibility of  retroviral gene 
modification of  human DCs by tansduction of  CD34+ 
progenitor cells with the subsequent addition of  cytokine 
to promote differentiation and maturation[18,19]. In this 
study murine DCs were transduced using cocultivation 
with retroviral producer cells. The murine BM-DCs 
transduced with AdVIL-12 at different MOI or different 
time intervals in culture. DCs transduced with AdVIL-12 
at an MOI of  100 shown limited toxicity and maximal 
production of  IL-12, and at 48 h intervals in culture, 
demonstrate maximal production of  IL-12. Phenotypes 
of  DCs retrovira l ly t ransduced with IL-12 were 
evaluated. The experiments demonstrated expression 

levels of  CD80, CD86, and MHC Ⅱ were enhanced 
in AdVIL-12/DCs compared with the non-transduced 
DCs, without apparent surface molecules changes. These 
phenotypic changes could be due in part to the direct 
effect of  IL-12 or, more likely, indirectly through IFNγ 
production by contaminating T cells or natural killer cells. 
Grohmann U et al[20] reported that IL-12 acts directly on 
DCs to promote nuclear localization of  nuclear factor kB 
and primes DCs for IL-12 production. Suzuki T et al[21] 
also reported that the DCs transduced AdVIL-12 showed 
increased levels of  the costimulatory molecules (CD80 
and CD86), MHC Ⅱ molecules, compared with the non-
transduced DCs. These changes could explain, in part, 
why IL-12-transduced DCs are more effective in tumor 
treatment application.

Tumor immunity induction can be initiated by the 
effectors of  innate immunity and can be further developed 
by cells of  adaptive immunity, with DCs playing a central 
regulatory role. Several steps are involved including (a) 
recognition of  tumor molecules by DC precursors, (b) 
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Figure 5  Assays for IFNγ secretion and tumor-specific CTL activity in the immunized mice. Splenic CD3+ T cells from mice that survived the CT26 tumor challenge until d 
61 in protective models were magnetically isolated. CD3+ T cells were restimulated ex vivo by culturing with the MMC-treated CT26 tumor cells. Then these restimulated 
effector T cells were added to the wells containing target CT26 or SGC-7901 tumor cells in 96-well plates. After 20 h, supernatant from each well was collected for 
measuring IFNγ production with the mouse IFNγ ELISA kit (A), and for measuring cytolytic activity with a Cytotoxicity Detection Kit (B). In some experiments, the target 
CT26 tumor cells were incubated with a MAb to MHC classⅠmolecules (anti-H2Db/H2Kb) or with control antibody (anti-H2Dd) before the addition of restimulated effector 
T cells to evaluate the specificity of CTL activity. Statistical analysis used the paired Student’s t test. Data are given as mean ± SE. A, B aP < 0.05, CT26 TP AdVIL-12/DCs 
compared with CT26 TP DCs in the CT26 groups, bP < 0.01 CT26 vs SGC7901 or Non, respectively. (C), aP < 0.05, CT26 + antiH-2kb/DbmAb vs CT26 or CT26 + antiH-
2DbmAb, respectively.



direct and IFN-γ-mediated killing of  transformed cells by 
NK/NK T cells activated by DCs, (c) capture and cross-
presentation of  released-tumor-associated Ags (TAAs) 
by immature DCs, (d) selection and activation of  TAA-
specific T cells, as well as nonspecific effectors including 
macrophages and eosinophils, and (e) homing of  TAA-
specific T cells to the tumor site and recognition elements 
leading to the elimination of  tumor cells[22]. DCs-based 
vaccination had showed efficiently anti-tumor effective 
in many tumor models and in the clinical studies. Kono 
K et al[23] reported that tumor vaccination therapy with 
DCs pulsed with HER-2/neu-peptides may be a potential 
candidate for the novel treatment of  gastric cancer 
patients. Tumor markers (CEA or CA19-9) were decreased 
after vaccination in 3 out of  9 patients. Two patients had 
more than 50% tumor regression, and two presented a 
mixed response. These studies revealed that such vaccines 
could be safely applied without significant side effects and 
induced antigen-specific CTL responses in vivo.

Cytokine gene therapy is becoming a promising 
weapon against cancer [24]. Adenovrial-based cytokine 
gene therapy has many advantages over other forms of  
cytokine delivery[25]. Adenoviral vectors allow local, high-
efficiency, but transient transgene expression, generating 
high-level but self-limited cytokine production in treated 
tumors. Adenoviral vectors are transduction targets in 
a heterogeneously growing population of  tumor cells. 
Recombinant IL-12 has generated interest as a potential 
cancer therapeutic agent due to the ability of  murine 
IL-12 to induce tumor regression and to cure in various 
mouse models of  cancer. Studies examining the anti-tumor 
mechanisms of  IL-12 have implicated various cellular 
mediators including CD8 T cells, NK cells, and NK T 
cells[26,27]. Taking full advantages of  characters of  DCs and 
IL-12 respectively, constitutive production of  IL-12 by 
AdVIL-12/DCs, coupled with their ability to take up and 
process tumor antigens, migrate to tumor site or lymph 

nodes can induce an effective immune response. In this 
study, a DCs-based vaccination transduced with AdVIL-12 
was successfully produced using cocultivation methods.

In the experiment in vivo , significant anti-tumor 
effects were observed in therapeutic models or protective 
models when vaccination with CT26 TP AdVIL-12 
transduced DCs were injected. These anti-tumor effects 
were not observed, however, when nontransduced DCs 
were injected. Complete tumor eradication was observed 
in 30%-50% of  mice treated with a single injection of  
CT26 TP AdVIL-12/DCs in therapeutic models. In 
protective models, the mice immunized with CT26 TP 
AdVIL-12/DCs had significant survival rates. During the 
60-d observation period, mice vaccinated with CT26 TP 
AdVIL-12/DCs showed 90% survival rate, compared 
to mice vaccinated with CT26 TP/DCs (50%). These 
results suggest that overexpression of  IL-12 by DCs in 
the peripheral blood, the tumor site, or in the secondary 
lymphoid sites, alternatively, could be important for 
an anti-tumor response in addition to the phenotypic 
changes in AdVIL-12/DCs. Chemokine (IP-10 and 
Mig)[28,29] production induced by IL-12, is responsible 
for these effects, at least in part, through enhanced 
recruitment of  cytolytic effector cells to develop into 
tumors, plus possibly antiangiogenic effects (Fas/
FasL)[30].

Systemic immune responses, as demonstrated by CTL 
activity and IFNγ production in vivo and ex vivo, were also 
significantly higher and tumor specific when AdVIL-12/
DCs were used. High cytolytic activity in association 
with a TH1-type response could possibly contribute to 
the profound anti-tumor effects that we observed. In 
contrast, responses induced by nontransduced DCs were 
far less potent. Tatsumi T et al[31] reported that the anti-
tumor effect of  DCs-based vaccination is dependent 
on the production of  the TH1-type immunostimulatory 
cytokine such as IFNγ, IL-12. Therefore, the level of  IFNγ 
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production as a result of  IL-12 may play an important role 
in the increased anti-tumor immune responses.

In summar y, research data demonstrates that 
vaccination with recombinant adenoviruses interleukin-12 
transduced dendritic cells pulsed tumor cell lysate 
enhance anti-tumor immunity specific to colon cancer 
in mice. This approach is superior to that observed 
by nontransduced DCs. These results suggest that an 
evaluation of  AdVIL-12/DCs in colon cancer patients 
with is an important next step. A clinical trial evaluating 
this approach is currently in preparation.

COMMENTS
Background
Dendritic cells (DCs) play a central role in immune responses and may be useful 
adjuvants for tumor vaccination. Heterodimeric cytokine interleukin (IL)-12 is the 
key cytokine mediating the generation of a TH1-type cytokine expression pattern in 
both T lymphocytes and NK cells, resulting in cytotoxic cellular immune responses. 
IL-12 has been shown to generate powerful anti-tumor responses in many 
tumor models. IL-12 production by recombinant adenoviruses IL-12 (AdVIL-12) 
transduced DCs, coupled with their ability to take up and process tumor antigens, 
induce an effective anti-tumor immune response.

Research frontiers
DCs are believed to be essential for stimulating tumor-specific CTL and inducing 
the protective and therapeutic anti-tumor immunity against cancer cells. Attempts 
to produce vaccines based on DCs have been developed including immunizations 
by DCs pulsed with tumor lysates or apoptotic tumor cells or tumor RNA, fused 
with tumor cells, transduced with peptides. Now, DCs can be pulsed with synthetic 
peptides or proteins derived from known tumor associated antigens (TAA) such 
as MUC1, Her-2/neu, tyrosinase, CEA or Melan-A/MART. Vaccines based on 
DCs have been safely applied in clinic. Some studies have shown that IL-12 has 
powerful adjuvant properties and immune-modulating characteristics of IL-12 are 
considered to be responsible for such adjuvant effects. Therapeutic activity of 
IL-12 has been observed in various murine tumor models. Transduction of vaccine 
cells with IL-12 genes can substantially improve their immunogenicity. Trials with 
IL-12 gene-modified melanoma cells have also been started in humans.

Innovations and breakthroughs
Taking full advantages of characters of DCs and IL-12 respectively, a DCs-
based vaccination transduced with AdVIL-12 was successfully produced using 
cocultivation methods. Vaccination with DC engineered to express IL-12 by 
adenovirus-mediated gene transfer could enhance anti-tumor immunity in 
murine therapeutic and protective models. Vaccination can be application for 
immunotherapy against colon cancer in mice successfully.

Applications
Vaccination with AdVIL-12 transduced DCs pulsed tumor cell lysate enhance anti-
tumor immunity specific to colon cancer in mice. These results suggest that an 
evaluation of AdVIL-12/DCs in colon cancer patients with is an important next step. 
A clinical application of this approach is currently in preparation.

Terminology
DCs (Dendritic cells), bone marrow DCs (BM-DCs), antigen presenting cells 
(APCs), Interleukin-12 (IL-12), recombinant adenoviruses interleukin-12 
(AdVIL-12), AdVIL-12 transduced DCs (AdVIL-12/DCs), major histocompatibility 
complex (MHC), cytotoxic T lymphocyte (CTL), interferon gamma (IFNγ), 

Peer review
The authors examined that murine BM-DCs could be retrovirally transduced with 
AdVIL-12 efficiency, and the AdVIL-12 transduced DCs could be secret high levels 
of IL-12. Vaccination with DC engineered to express IL-12 by adenovirus-mediated 
gene transfer could enhance anti-tumor immunity against CT26 colon tumor in 
murine therapeutic and protective models. Moreover, in CTL response vaccination 
with CT26 TP AdVIL-12/DCs enhanced tumor-specific CTL activity, to produced 
high levels of IFNγ.
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