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ABSTRACT 
 
Background: Bacterial DNA has immunostimulatory effects on different types of 
immune cells such as dendritic cells (DCs). Application of DCs as a cellular adjuvant 
represents a promising approach in the immunotherapy of infectious disease and can-
cers. Objectives: To investigate the effect of tumor antigen pulsed DCs in the pres-
ence of CpG-1826 in treatment of a murine model of cancer. Methods: WEHI-164 
cells (Balb/c derived fibrosarcoma cell line) were injected subcutaneously in the right 
flank of mice. Bone marrow cells were cultured in the presence of GM-CSF and IL-
4. After 5 days, tumor lysate, CpG-1826, and oligodeoxynucleosides, as control, 
were added to the culture media and incubated for 2 days. Cytokine production in 
DCs culture media was measured by ELISA. Then DCs were injected subcutane-
ously around the tumor site in the right flank of mice. Tumor growth rate was moni-
tored in case and control groups. Two weeks after DCs immunotherapy, cytotoxic 
assay was conducted using various amounts of effector (splenic T cells)  and  target 
cells (WEHI-164 or CT26) for 6 h. Results: Immunotherapy with DCs treated with 
CpG led to a significant increase in the activity of cytotoxic T cells and decreased 
tumor growth in immunized mice. In the control group which received DCs without 
CpG treatment, no change in cytotoxic activity and tumor growth rate was detected. 
Conclusion: The current study suggests that specific anti tumor immune responses 
can be induced by DCs matured with CpG and proposes CpG usage in DCs targeted 
clinical strategies. 
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INTRODUCTION 
 
Dendritic cells (DCs) are the most potent antigen-presenting cells of the immune sys-
tem (1). They express high levels of MHC class I and II molecules and a broad spec-
trum of adhesion and co-stimulatory molecules (2). DC-based vaccines are viewed as 
promising method for immunotherapy of cancers. Large numbers of DCs can be gen-
erated in vitro by culture of plastic adherent peripheral blood mononuclear cells with 
GM-CSF and IL-4 (3,4). Such DCs are very efficient in antigen uptake by endocyto-
sis but are unstable and immature, because the expression of co-stimulatory mole-
cules is low and stimulation of T cells is suboptimal (5). To obtain fully matured DC 
(mDCs) additional signals are required. In peripheral tissues, DC maturation is trig-
gered by pro-inflammatory signals or pathogen cell wall. 
In general, DC maturation state is defined by certain phenotypes, most notably ex-
pression of CD80 and CD83, and cytokine production, IL-12 and IL-18. These cyto-
kines play a critical role in the polarization of CD4+ T cells into TH1 cells (6). Thus 
mDCs have the full ability to activate CD4+ TH1 cells, essential in priming CD8+ 
cytotoxic T lymphocytes (7). 
CpG is a dinucleotide containing cytosine (C) and guanine (G). Bacterial DNA and 
synthetic oligodeoxynucleosides (ODN) containing CpG motifs have been shown to 
activate the immune system, via production of a wide variety of Th1-promoting cy-
tokines, such as IL-12, IFN-γ, TNF-α, and IL-6 (1-4). As a strong immunostimula-
tory agent, CpG ODN is able to protect effectively against bacterial, viral, and para-
sitic infections (5-7). CpG ODN also enhances the anti-tumor efficacy of monoclonal 
antibodies or cancer vaccines when used as immune adjuvants in animal tumor mod-
els (8,9). The administration of CpG ODN alone is also capable of triggering potent 
anti-tumor immune responses against various experimental tumors, including lym-
phoma, leukemia, melanoma, colon carcinoma, glioma, cervical cancer, and neuro-
blastoma (8,10-14). 
In the present study we investigated the effect of tumor antigen pulsed DCs in the 
presence of CpG-1826 in treatment of a murine model of cancer. 
 
 
MATERIALS AND METHODS 
 
Animals and Cell Lines. Six- to ten-week-old female Balb/c mice were purchased 
from Institute Pasteur of Iran. Balb/c derived fibrosarcoma (WEHI-164) and colon 
carcinoma (CT26) cell lines were implemented. 
Cell lines were maintained in a medium of RPMI 1640 (Sigma), 10% heat inacti-
vated fetal bovine serum (Gibco), penicillin and streptomycin (100 µg/ml), and L-
glutamine (2 mM). 
Preparation of Tumor Lysate. Tumors were obtained surgically from tumor-bearing 
mice. Cell lysates were generated by repeated freeze-thaw cycles (liquid nitrogen and 
37°C water bath) .After centrifugation (10 min, 900g), supernatants were collected 
and passed through a 0.2-µm pore filter. Protein concentration of the lysate was de-
termined by Lowry method. 
Oligonucleotides. ODNs including CpG ODN 1826 (TCC ATG ACG TTC CTG 
ACG TT) and non-CpG control ODN (TCC AGG ACT TTC CTC AGG TT) were 
obtained from Alpha DNA Company (Montreal, Canada). 
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Bone Marrow–Derived DCs. Bone marrow cells were obtained from the femur and 
tibia of female Balb/c mice. Red blood cells were removed by lysing. Following 
washing with PBS, cells was plated in RPMI plus 10% FCS, 10 ng/ml GM-CSF, and 
10 ng/ml IL-4. On day 3 non-adherent granulocytes and T and B cells were gently 
removed and fresh media were added. On day 5 loosely adherent proliferating DC 
aggregates were dislodged and re-plated in fresh media supplemented with 100μg 
tumor lysate, 10μg CpG 1826, and control ODN. Non-adherent mDCs were har-
vested on day 7 of the culture. 
Flow Cytometry. DC phenotypes were determined using FACS analysis system. 
FITC-conjugated mAbs against CD86, CD80, CD40, and PE-conjugated anti-CD11c 
were implemented (Pharmingen, USA). The isotype matched control mAbs were 
also used. 
Cytokine Production by DCs. Supernatants of DCs' culture were collected for meas-
urement of IL-12 and IL-18 by commercially available ELISA kits (Bender, Medsys-
tems, Germany). 
Tumor Challenge and Treatment. To generate tumor, mice were injected subcutane-
ously in the right flank with 0.1 mL of a single-cell suspension containing 5 × 106  
WEHI-164 cells. Treatment applied after 7 days by injection of 106 DC around the 
tumor. Tumor growth rate was monitored in different groups by digital collis. 
Cytotoxicity Assay. Two weeks after immunization, spleen cells were separated from 
treated mice as effector cells. Tumor cell lines (WEHI-164 and CT26) were used as 
target cells. Cytotoxic activity was measured by LDH cytotoxicity detection kit 
(Roche Applied Science, Germany). Following washing the effector and target cells 
with the assay medium (RPMI1640 with 1% BSA), effector cells were co-cultured 
with target cells in a 96-well round bottom plate for 6 h at 37 °C, plates were centri-
fuged, and supernatants were transferred to another flat-bottom ELISA plate. 100 μl 
of LDH detection mixture was added to each well and incubated for 30 minutes at 
room temperature. Absorbance was measured by an ELISA reader at 490 nm. The 
percentage of cell mediated cytotoxicity was determined by the following equation: 
cytotoxicity (%) = [(experimental release- background)-(spontaneous target release-
background)-(spontaneous effector release-background)] / (maximum target release – 
spontaneous target release)) x100%. 
Statistical Analyses. Comparison of means was performed by two-tailed Student t 
test. P-values less than 0.05 were considered significant. 
 
 
RESULTS 
 
CpG-1826 Induction of DC Maturation. To investigate the effect of CpG ODN 1826 
on the phenotypes and maturation of DCs, bone marrow (BM) cells were cultured in 
the presence of CpG. The expressions of MHC-II and co-stimulatory molecules 
(CMs) were analyzed by flow cytometry. As shown in figure 1, all DCs expressed 
mouse BM-derived DC specific marker CD11c (P>0.05). CpG-DC expressed high 
levels of surface CMs. 
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Figure 1. (a) Expression of CD11c by DCs. (b) Effect of CpG on expression of MHC II and 
co-stimulatory molecules by DCs. 
 
IL-12 and IL-18 Production by DCs. mDCs were analyzed for IL-12 and IL-18 pro-
duction, an indicator for TH1-polarizing capacity. CpG-induced mDCs produced 
high levels of IL-12 and IL-18 (Fig. 2). These cytokine profiles suggest a tendency 
toward induction of TH1 response. Control ODN-induced mDCs and immature DC 
also produced IL-12 and IL-18, albeit at lower levels. 
 

 
(a)                                                                        (b) 
Figure 2. CpG-ODN 1826 stimulated cytokine production in DCs. Supernatants of DC cul-
tures treated with CpG-ODN 1826, control CpG-ODN 1982, or Immature DC were assayed 
for IL-12 (p<0.01) [a] and  IL-18 (p<0.01) [b] by ELISA. 
 
Effect of Matured DCs with CpG 1826 on Cytotoxicity. Spleen cells were obtained 
14 days after DC injection.  Cytotoxic activity was determined against WEHI-164 
tumor cells with CT26 cells as a control target. CpG-DCs demonstrated considerable 
levels of specific cytotoxicity against WEHI-164 targets. Cytotoxic T lymphocyte 
(CTL) activity was significantly (P<0.01) higher than that of the control groups 
treated with control ODN-DC or PBS. Furthermore, we demonstrated that the cyto-
toxicity was specific for WEHI-164 tumor cells because there was little cytotoxic 
effect on CT26 tumor cells (Figure 3). 
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(a)                                                                       (b) 
Figure 3. Tumor-specific CTL response to WEHI cell line (a) and CT26 (b) in immunized 
Balb/c mice. Spleen cells were collected 14 days after treatment and used as effector cells in 
the CTL assay. 
 
Immunotherapy with CpG Matured DCs Prolonged the Survival of Tumor-bearing 
Mice. Tumor-bearing mice were treated with CpG or control ODN mDCs or with 
PBS seven days after tumor challenge. Tumor growth rate was monitored in different 
groups and survival was determined. As shown in figure 4, treatment with CpG-DC 
significantly improved the survival compared with control ODN-DC or PBS (P < 
0.01). 
 

 
Figure 4. Effect of CpG-DC therapy on the survival of tumor-bearing mice. 
 
 
DISCUSSION 
 
DCs vaccination is a promising approach for cancer treatment, a number of studies 
evaluating its efficacy have been published. It is now clear that the development of 
effective anti-tumor vaccine protocols requires further optimization and refinement, a 
process greatly facilitated by appropriate animal models. 
Maturation of DCs can be induced by various adjuvants including mycolic acid, 
lipoarabinomannan, LPS, lipoteichoic acid, bacterial DNA, and double-stranded 
RNA. These adjuvants are specifically recognized by invariant receptors such as 
Toll Like Receptors (TLR) (15). Unmethylated CpG oligodeoxynucleosides (CpG 
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ODN), recognized by TLR-9 were proven to have anti-tumor effects via maturation 
of DCs (16). 
Using a murine tumor model, we evaluated DC maturation in the presence of CpG-
1826 and demonstrated that the extent of DC maturation, reflected by density of co-
stimulatory and MHC II molecules, was correlated with the induction of strong CTL 
and anti-tumor immune response in vivo. 
CpG ODN 1826 is known as a strong immune activator, inducing protective and cura-
tive Th1 responses against infections and tumors in vivo. The immunostimulatory ef-
fects of CpG ODN 1826 are dependent on the CpG motifs within ODN s (17-19). Our 
results show that peri-tumoral injection of matured DCs with CpG ODN 1826 as a sin-
gle therapeutic agent suppressed the growth of implanted fibrosarcoma in mice, but the 
control ODN was ineffective. Our findings are consistent with the previous observa-
tions from several tumor models treated with CpG ODN 1826 (19-21). 
The induction of Th1 response is related to the capacity of DCs to produce IL-12. 
This cytokine is known as a major Th1-promoting factor and is essential in generat-
ing Th1-biased cells from naive precursors (22). IL-18, an additional member of IL-1 
cytokine family, is also produced by DCs and cells of monocytes/macrophage line-
age. IL-18 was shown to have synergy with IL-12 in the induction of IFN-γ produc-
tion by Th1 cells (23). In the present study we showed that CpG matured DCs pro-
duce high amounts of IL-12 and IL-18, therefore CpG can stimulate DCs to shift the 
T cells toward a type1 response. 
Several studies demonstrated that tumor-specific CD8+ CTL constitute an important ef-
fector arm of the anti-tumor immune response (24,25). We showed that DC generated in 
the presence of CpG, induces strong CTL response against our tumor model. 
To conclude, administration of CpG-matured DCs to the tumor site is able to induce a 
detectable CTL-mediated anti-tumor immune response, leading to retarded tumor 
growth and prolonged survival of the tumor-bearing mice. This approach is applicable in 
generating DC-based anti-tumor vaccines useful in clinical trials of human neoplasms. 
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