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ABSTRACT

Background: The use of dendritic cells (DCs) asacellular adjuvant provides a promis-
ing approach in immunotherapy of cancer. It has been demonstrated that Listeria mono-
cytogenes activated DCs pulsed ex vive with tumor antigens trigger a systemic Thl-
biased specific immune response and a single dose of this vaccine will cause a consider-
able anti tumor immunity. Objective: The present study was designed to evaluate the
ability of multiple doses of tumor antigen-pulsed DCs, matured in the presence of Lis-
teria monocytogenes components in'induction of a potent anti-tumor response and the
prevention of tumor formation in-an experimental model. Methods: Bone-marrow de-
rived DCs (BMDCs) were cultured in the presence of GM-CSF and IL-4. After 5 days,
tumor lysates with/without Listeria monocytogenes lysate were added to the culture
media for another 2 days. Mice received mature and tumor antigen pulsed dendritic cells
subcutaneously in 3 groups. Tumor growth was monitored and two weeks after immu-
notherapy, cytotoxic activity of CD8+ T cells was evaluated in different groups. Re-
sults: According to the findings, repeated doses of vaccine did not lead to a significant
increase in the activity of cytotoxic T cells and decreased tumor growth of immunized
animals. Conelusion: The current study suggests that increased doses of vaccine do not
have sufficient efficiency for prevention of tumor induction. Generation of T regulatory
responses upon repeated doses of such vaccines should be considered in future investi-
gations.
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INTRODUCTION

Dendritic cells (DCs) efficiently induce T cell activation in the secondary lymphoid or-
gans (1-3). Thl arm of the immune response is very important in battle against cancer
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(4). There are evidences indicating DCs to play an important role in determining the
type of immune response generated against antigens.

Several factors can influence the development of polarized immune responses such as
DC lineage and its activation status. Some studies have shown that distinct DC subsets
are able to promote different types of response depending on pathogen-derived signals
and host-derived cytokines present in the microenvironment (5-8).

Listeria monocytogenes is a gram-positive facultative intracellular bacterium, and its
virulence is due to its capacity to penetrate into mammalian cells. Dendritic cells recog-
nize Listeria by Toll-like receptors (TLRs) (2, 9) and then mature. Matured dendritic
cells secrete inflammatory cytokines, such as tumor necrosis factor (TNF), interleukin-
12 (IL-12), and several chemokines, allowing the recruitment and activation of immune
cells. IL-12 participates in the development of T lymphocytes expressing Thl-type cy-
tokines such as interferon gamma (IFN-y), TNF, and IL-2 (9-16).

Our previous study showed that Listeria monocytogenes activated DCs pulsed with tu-
mor antigens caused a better response in lymphocyte proliferation, IL-12 production and
CTL induction. A single dose of the vaccine caused significantly better outcome in tu-
mor growth retardation and survival of animals compared to other microbial compo-
nents such as LPS.

In the present study, we examined efficacy of repeated doses of Listeria monocytogenes
activated DC vaccine in the prevention'of mice fibrosarcoma tumor model.

MATERIALS AND METHODS

Animals and Cell Lines. 6-8 weeks_old female Balb/c mice were purchased from Pas-
teur Institute of Iran. All animal experiments were performed according to the guide-
lines of the local Ethical.Committee. Balb/c derived fibrosarsoma (WEHI-164) and co-
lon carcinoma (CT26) . cell lines were maintained by in vitro culture in RPMI 1640
(Sigma, Steinhem, Germany) supplemented with 10% heat-inactivated fetal bovine se-
rum (Gibco,Grand Island, USA), 2 mM L-glutamine (Sigma, Steinhem, Germany), 100
ug/ml streptomyein and 100 U/ml penicillin.

Tumor Challenge. To generate tumors, Balb/c mice were challenged subcutaneously in
right flanks with 0.2'ml of a cell suspension containing 10° WEHI-164 cells. Tumor meas-
urements were performed every 2 days with calipers spanning the shortest and longest
surface'diameters. Mice were sacrificed when the tumor diameter reached >400mm®.
Preparation of Listeria Monocytogenes Lysate. Listeria monocytogenes (ATCC
19115) was purchased from Iranian Research Organization for Science and Technology
(IROST) and grown in brain-heart infusion medium. Bacteria were sonicated in PBS
and passed through a 0.2-um pore filter. The protein concentration of the lysate was de-
termined by Bradford method.

Preparation of Tumor Lysate. 5x10° WEHI-164 cells were injected S.C. in to the right
flank of Balb/c mice, and tumor growth was monitored. 21 days after tumor challenge,
tumors were harvested surgically from tumor-bearing mice and a single cell suspension
was made. Cell lysates were generated by repeated freeze and thaw cycles. After cen-
trifugation, the supernatant solution was collected and passed through a 0.2 um pore
filter. The protein concentration of the lysate was determined by Bradford method.

DC Preparation and Culture. Bone marrow (BM) derived DCs (BMDCs) were gener-
ated as described by Inaba et al. (17) with slight modifications. Briefly, murine BM
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cells were harvested from femurs and tibias of sacrificed mice. Contaminating erythro-
cytes were lysed with distillated water and 10x phosphate buffer. Cells (1x10° cells/ml)
were placed in 24-well plates in RPMI 1640 supplemented with 10% fetal calf serum,
50 uM 2-mercaptoethanol, 100 U/ml recombinant murine granulocyte-macrophage col-
ony-stimulating factor (GM-CSF) (Bender Med systems, Vienna, Austria), and 50 U/ml
of recombinant murine interleukin-4 (IL-4) (Roche, Indianapolis, USA). On day 3, non
adherent cells were collected and fresh media were added. On day 5, 100 pg/ml/10°cell
of tumor lysate was added to immature DC cultures. After 10 hours, 70 pg/ml/10°cell of
Listeria monocytogenes lysate were added to different wells. On day 7 mature DCs
were collected and used for immunotherapy.

Flow Cytometric Analysis, To determine the phenotype of cultured DCs, on days 5
and 7,cells were stained with PE or FITC conjugated monoclonal antibodies against cell
surface molecules CD40, CD80, CD86, CD11c¢ and MHC-H (all purchased from BD
PharMingen, San Diego, CA) and analyzed with a’ FACS Analysis System (Becton
Dickinson). In all experiments, isotype controls were included using an appropriate
mADbD of the same Ig class or subclass.

Immunization. 10° DCs /200uL PBS were injected subcutaneously at the right flank of the
animals. One, two or three doses of the vaccine were administered in three different groups
of mice with 10 days interval. The first dose was given 10 days before tumor challenge (-
10)¢ (-10, 0)¢ (-10, 0, 10). Control group received PBS. Tumor measurements were per-
formed every 2 days with calipers spanning the shortest and longest surface diameters. Mice
were sacrificed when the tumor diametér reached >400mm>.

Cytotoxicity Assay. 20 days after tumor challenge, splenocytes were isolated and used as
effector cells. Tumor cell lines (WEHI-164, CT26) were used as target cells. Cytotoxic
activity was measured by LDH cytotoxicity detection kit (Roche Applied Science). After
washing the effector and target cells with the assay medium (RPMI1640 with 1% BSA),
the effector cells were co-cultured with target cells at 3 different ratios ( 12.5, 25 and 50)
in a 96-well round bottem plate for 6 h at 37°C; then the plates were centrifuged and the
supernatants were transferred to another flat-bottom ELISA plate. One hundred pl of
LDH detection mixture were 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 — spontaneous target release — spontaneous
effector release) / (maximal target release — spontaneous target release) x 100%.
Intracellular Cytokine Assay. Intracellular IFN-y staining of splenocytes was per-
formed as previously described (36). Briefly, 10° splenocytes were stimulated in 96-
well flat bottom plates with 100 pg tumor lysate or 5 ug Con A for 24 h at 37°C in 5%
CO2 , and brefeldin A (Sigma, Steinhem, Germany) was added for the last 4 h at 37°C
in 5% CO2. Cells were washed with staining buffer (PBS with 3% FBS and 0.09% so-
dium azide), and then stained with anti-CD8 PE, (BD Pharmingen, CA) on ice for 20—
30 min. Cells were then permeabilized, fixed and stained for intracellular IFN-y with
anti-IFN- y FITC or a FITC-labeled isotype control mAb.

Statistical Analysis. The results are expressed as mean + standard error. Statistical analy-
sis was performed using a Student’s t test, with the exception of the survival data, which
was analyzed using the Kaplan and Meier test. p <0.05 were considered significant.
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RESULTS
DC Maturation with Listeria Monocytogenes Components. 5 and 7 day DCs stained
with mAb against CD40, CD80, CD86, CD11c and MHC-II. BMDC exposed to Listeria

and tumor lysate for 48 h up-regulated the surface expression of CD40, CD80 (B7.1),
CD86 (B7.2), and MHC class II to a similar extent (Figure 1).
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Figure 1. (a) The histograms showing the expression density of CD11c of immature DCs (full
histograms) and isotype control (open histograms). (b) CD80, CD86 and CD40 expression of
immature DCs (open histograms) and mature DCs (full histograms).

Tumor-Specific Cytotoxic T Cell Immune Response. To determine whether repeated
vaccination could stimulate a stronger CTL response, splenocytes were obtained 20
days after tumor challenge. Splenocytes were co cultured with WEHI164 tumor cells as
target or CT26 cells as control for 6-8 hours and cytotoxicity was determined using a
LDH release assay. As shown in Figure 2a, immunotherapy with repeated (2 and 3)
doses. of vaccine did not cause any considerable augmentation in specific cytotoxicity.
The CTL activity was significantly (p=0.0044) higher than the control group. Further-
more we demonstrated that the cytotoxicity was specific for WEHI-164 tumor cells be-
cause there was little cytotoxicity effect on CT26 tumor cells (Figure 2b).
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Figure 2. Tumor-specific CTL response to fibrosarcoma cells in different groups of mice immu-
nized with 1, 2 and 3 doses of DC vaccine. Targets included WEHI 164 and CT26. (a).The spe-
cific CTL activity in test groups was significantly higher than controls. (b). Specificity of the cyto-
toxic effect on WEHI164 tumor cells due to the lack of cytotoxic effect on CT26 tumor cells.

Intracellular IFN-y Staining. For intracellular IFN-y staining, splenocytes of three
mice in each group were co-cultured with tumor lysate. Splenocytes from normal mice
were used as controls. With the increasing doses of the vaccine, percent of IFN-y posi-
tive CD8. T cells did not significantly increase. Comparing to the no treatment group,
number of [FN-y positive cells were higher but the difference was not significant. How-
ever, compared to the normal mice, the difference was found to be significant
(p=0.0055) (Figure 3).
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Figure 3. Percentage of intracellular IFN-y Positive CD8 T cells after in vitro stimulation with
tumor lysate in vaccinated animals (1, 2, and 3 doses), non vaccinated control and normal mice

without tumor challenge or vaccination.

In Vivo Anti-Tumor Response. Anti-tumor immunity induced by DC vaccine was
evaluated in mice immunized with different doses of the vaccine. Compared to the non-
treated group, tumor growth rate was. significantly decreased in the treated animals
(p=0.0049 ) . Repeated doses of vaccine did not show any significant effect on the tu-

mor growth (Figure 4a).
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Figure 4. The effect of different doses of DC vaccine (1, 2 and 3) in a subcutaneous WEHI 164
tumor model. (a) The tumor growth rate and (b) survival of each group of mice monitored for 50

days. Each group consisted of five mice.
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As depicted in Figure 4b, 28 days after tumor challenge, when there was no live mouse
in the control group, the survival rate in the mice receiving 1, 2 and 3 doses of the vac-
cine was 100%, 83% and 100%, respectively.

DISCUSSION

Previous studies have revealed that DCs exhibit different activation responses to differ-
ent classes of pathogens and there is a notable correlation between the activation status
of DCs and the type of their inducible Th cell response (16). DCs are used extensively
for antigen-specific immunotherapy of cancer because they are the most efficient APCs
can inducing primary immune response (18, 19).

Knowing the role of Listeria monocytogenes in induction of Th1 (cellular arm) immune
responses and the importance of this arm in anti-cancer immunity (9, 20, 21), the pre-
sent study was conducted to investigate the potency of Listeria monocytogenes acti-
vated DC based vaccine for eliciting anti tumor immune response and prevention of tu-
mor induction in mice.

In microbial infections, certain molecular patterns of microbial components directly
stimulate immature DCs in the periphery to differentiate them into mature DCs by bind-
ing to pattern recognition receptors such as Toll-like receptors (TLRs) that play a critical
role in the innate immunity. Stimulation of TLR signaling in DCs causes an increase in
surface expression of MHC-peptide for T cell recognition, up regulation of co-stimulatory
molecules important for T cell clonal expansion and secretion of immunomodulatory cy-
tokines, which direct T lymphocyte differentiation into effector cells (12, 22, 23).
According to our previous study; Listeria monocytogenes activated and tumor lysate
pulsed DC immunotherapy resulted in considerable levels of specific cytotoxicity
against tumor, diminution. of tumor growth rate and improvement of survival compared
to other microbial components and the control group (15). In that study, a single dose of
the vaccine was injected after tumor establishment as a therapeutic vaccine. In the pre-
sent study, the effect of multiple doses of the vaccine before tumor challenge was
evaluated as a prophylactic measure.

Immunotherapy in all vaccinated animals (1, 2 or three times vaccinated) with 10 days
interval between second and third immunization caused significant anti tumor response
compared to.the controls, although complete rejection of the tumor was not seen in all
of them. Repeated doses of the vaccine did not lead to its long term effect.

For improving the efficacy of anti tumor vaccines, various vaccination protocols, such
as DC dose, vaccination schedule (best time for vaccine injection and time interval be-
tween first and booster immunizations), number of vaccinations and antigenic compo-
nents need to be optimized (24).

Recent studies suggest that most of the migrating DCs die after their arrival at lymphoid
tissues, and the short life span of DCs in vivo must be extended to improve an effective
response (25). When BM derived or splenic DCs were transferred into tumor bearing
mice, only a small proportion (0.1-1%) of the implanted DCs were found in the drain-
ing lymph nodes. Increasing the number of injected DCs or tissue conditioning through
inflammatory cytokines can improve the number and function of DCs. Such modifica-
tions can result to even 40 folds increase in antigen specific CD4 T cells in draining
lymph node (26). According to Dasilva et al, balance between tumor burden and the
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number of tumor-specific T cells determines whether a therapeutic vaccine will be effi-
cacious and result in long-term therapy (27).

Cytotoxic T cell response evaluation in this study demonstrated that in spite of a signifi-
cant rise in anti tumor cytotoxicity after single dose vaccination, there was no signifi-
cant rise in this response upon expanding the vaccine dose.

There are many different ways for tumor antigen delivery to DCs. Most of the initial DC
vaccination protocols used DC loaded with tumor-associated peptides (28). Disadvan-
tages associated with peptide loaded DC vaccines include the limitation of this strategy
to patients with a specific HLA type, a few defined epitopes among most tumors, poten-
tial generation of tumor Ag escape variants when immunizing against a single Ag, and the
presence of a high proportion of non-tumor-specific peptides when using whole tumor
cell eluates. Furthermore, the weak immunogenicity of many tumors also represents a bar-
rier to the effective induction of antitumor immunity (29): Tumor lysate containing collec-
tion of tumor antigenic epitopes with least mentioned limitations is another option that we
used in the current study.

Since tumor cells have self origin and potentially can induce immunologic tolerance, the
ultimate success might depend on the balance between the capacity of the immunogenic
stimulus to “break tolerance” and on the inherent physiologic limitation against activa-
tion of “self”’-reactive T cells (30).

Recent evidence indicates that DCs ‘can induce the activation and proliferation of
CD4+CD25+ regulatory T cells (Treg) in vitro and in vivo (31). In turn, the ability of DCs
to activate CD4+and CD8+ T cells is substantially increased by depletion of Treg (32).
Several reports have documented that depletion of Treg can enhance spontaneous im-
mune responses to tumors, and increase the antitumor effect of different immunothera-
peutic procedures (32, 33). Also depletion of Treg in mice treated with DC considerably
increased the potency of the DC vaceine, and induced long-term tumor immunity (34).
Therefore, induction of regulatory responses after repeated doses of the vaccine should
be considered in future vaccine design. Using tumor lysate as tumor antigen source for
DC loading is another subject which should be considered because it contains concoc-
tion of tumor and self antigens, and is prone to elicit regulatory responses.
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