
Abstract. Murine dendritic cells (DCs) of the established
JAWS II cell line were transduced with a retroviral vector
carrying murine interleukin 12 (IL-12) genes (JAWS II/IL-12
cells). The JAWS II/IL-12 cells produced ~9-18 ng IL-12
protein/ml/5x105 cells/48 h and displayed an increased CD80
and CD86 expression as well as major histocompatibility
complex antigen up-regulation. The JAWS II/IL-12 cells were
used as a temporary source of IL-12 for the immunotherapy
of C57BL/6 mice bearing transplantable murine colon carcin-
oma (MC38). The cell vaccines were administered according
to different application schedules into the vicinity of sub-
cutaneously growing palpable MC38 tumors. The JAWS
II/IL-12 cells were delivered alone or in combination with
JAWS II cells pulsed with MC38 tumor cell lysate (TAg)
(JAWS II/TAg cells). The anti-tumor response was estimated
as the tumor growth delay - the time (days) required for the
tumor to reach a volume of 1 cm3 (TRV), and as the increase
in animal life-span (ILS). Mice treated with three consecutive
injections of JAWS II/IL-12 or JAWS II/TAg cells responded
with moderate tumor growth delay (up to 6.5 and 9.5 days,
respectively). After the administration of the JAWS II/IL-12
and JAWS II/TAg cell combination, the TRV was prolonged
up to 12.5 days and there was a long-lasting tumor growth
delay. Increasing the number of DC-based vaccines to four,
resulted in the ILS extension of up to 87% over the control.
A similar effect was observed when the vaccine containing
the combination of both DC components was delivered
prior to the three consecutive injections of JAWS II/IL-12 or

JAWS II/TAg cells administered independently. The JAWS
II/IL-12 cell vaccination of MC38 tumor-bearing mice was
accompanied by an increased percentage of IFN-Á-producing
CD8+ spleen cells. Concluding, JAWS II DCs transduced
with IL-12 genes could be used as an adjuvant vaccine for
immuno- as well as combined immuno-chemotherapy of
experimental tumors.

Introduction

Interleukin 12 (IL-12) belongs to the cytokines promoting the
development of the Th1 type immune response, which includes
Th1 cell stimulation to IFN-Á production and memory cell
formation as well as the stimulation of CTL and NK cells to
cytotoxicity and IFN-Á production. It also participates in the
modulation of other immunological functions, such as the up-
regulation of the major histocompatibility complex (MHC)
expression level on the surface of antigen-presenting cells,
the indirect stimulation of macrophages to nitric oxide
production, and involvement in the anti-angiogenesis process
by expressing secondary cytokines such as the IFN-Á-inducible
protein 10 (IP-10) (1-3). These IL-12 properties were the
main reasons for the attempts to apply IL-12 in anti-tumor
immunotherapy. In tumor-bearing individuals, the IL-12
production level depends on the actual balance between the
host immune system and the growing tumor. However, native
cytokine action alone is usually insufficient for effective anti-
tumor response, and its systemic application, limited to a few
human trials, resulted in high toxicity and strong side-effects.
Since IL-12 acts in a paracrine manner, consumed locally at
the site of immune reaction, its local delivery is a more rational
approach. Therefore, an effective expression of IL-12 genes
introduced into the tumor or immune effector cells which
could be applied locally as an adjuvant cell vaccine could be
considered as a therapeutic strategy (4-7).

Dendritic cells (DCs), play an essential role in the initiation
of the specific immune response, including antigen-specific
CTL response and anti-tumor immunity (8). It has been demon-
strated that treating tumor-bearing animals with DCs pulsed
with tumor lysate resulted in tumor growth inhibition (TGI)
or even in the complete eradication of established tumors.
Thus, in a variety of animal tumor models as well as in a few
clinical trials, tumor antigen activated DCs have been used as
an adjuvant for effective anti-tumor immunization (9-16).
Since antigen presentation by DCs is associated with IL-12
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production, stimulation of the anti-tumor immune response
by DCs is largely determined by their ability to produce IL-12.
Therefore, the administration into the tumor site of genetically
modified DCs, which can either produce IL-12 alone or are
supported by additional cytokine or costimulatory molecules,
triggered effective tumor-specific CTL activity and promoted
tumor rejection in different experimental mouse tumor models
(3,5,12,17-22). After these publications, genetically modified
DCs began to be widely investigated as a promising tool for
tumor immunotherapy.

In our previous studies we found that transplantable
murine colon carcinoma (MC38) responded to immunotherapy
with IL-2-secreting allotypic X63mIL-2 plasmocytoma cells.
After multiple administrations of IL-2-transfected cells, tumor
growth delay or even complete tumor regression were observed
(23-25). In the present experimental immunotherapy model,
murine DCs of the established JAWS II cell line (ATCC
CRL-11904) were transduced with a retroviral vector carrying
murine IL-12 genes and further administered in the form of a
vaccine serving as a temporary cytokine source. The aim of
this study was to measure the effects of JAWS II/IL-12 cells
administered by different application schedules on host
response against MC38. JAWS II transductants secreting
IL-12 induced effective anti-tumor response especially when
supported by tumor cell lysate (TAg) pulsed DCs. The
multiple vaccines of the JAWS II/IL-12 and JAWS II/TAg
cell combination, were the most effective and resulted in
long-lasting tumor growth delay as well as a slight increase
in the percentage of CD8+ IFN-Á+ spleen cells.

Materials and methods

Construction of retrovirus-based plasmids. Enhanced green
fluorescent protein (EGFP) cDNA was derived from a pEGFP
promoter reporter vector (Clontech, USA). Mouse IL-12 cDNA
(p35 and p40) was derived from the pEM12 plasmid. The
fragments, p35 and p40, were obtained by enzyme digestion:
Hind III-Xho I for p35 and Not I-Hind III for p40, respectively.
The plasmids, pEM12 and pSAMEN, were kindly provided
by Professor R. Hawley, Canada. A detailed description of
the retrovirus-based plasmids, pSAMEN EGFP and pSAMEN
IL12, was presented in our previous report (26).

Generation of virus packaging cells. The plasmids were
introduced into the amphotropic murine PA 317 packaging
cell line. The transfection was performed in the presence of
Fugene 6 transfection agent (Roche, France) resulting in the
amphotropic retroviral packaging cell lines, PA SAM EGFP
and PA SAMEN IL-12. Both packaging cell lines were
maintained in Dulbecco's modified Eagle's medium (DMEM;
Gibco Life Sciences, USA) supplemented with 10% FCS,
glutamine, and antibiotics at 37˚C in a 5% CO2/95% air
humidified atmosphere.

Virus-containing supernatant collection. Mouse packaging
cell lines were cultured in 10% FCS DMEM in 25-cm2

culture flacks. After reaching full culture confluence, the
medium was replaced by Opti-MEM (Gibco Life Sciences)
supplemented with 5% FCS, glutamine, and antibiotics and
the cells were incubated for 24 h. The supernatants were

collected and centrifuged three times (1000 rpm, 10 min, RT).
The retroviral vector titer was determined on MC38 cells by
the end-point dilution method (27). Supernatants containing
104 CFU/ml were used for the DC transduction experiments.

Culture and transduction of JAWS II dendritic cells with
retroviral vectors. The C57BL/6 mouse, bone marrow-derived
DCs of the JAWS II line (ATCC Cat. No. CRL-11904, USA)
were maintained in a 1:1 mixture of alpha MEM and RPMI-
1640 media supplemented with L-glutamine, antibiotics, and
10% FCS [complete medium (CM)] containing 5 ng/ml GM-
CSF (at 37˚C in a 5% CO2/95% air humidified atmosphere).
JAWS II cells were transduced with the supernatant collected
from PA SAM EGFP (JAWS II/EGFP cells) as well as from
PA SAMEN IL12 (JAWS II/IL-12 cells) packaging cells.
The cells were incubated with virus-containing supernatant
(104 CFU/ml) diluted 1:2 - 1:3 in CM with 10% FCS, supple-
mented with 5 ng/ml GM-CSF and 8 μg/ml polybrene for
24 h. In the case of JAWS II/EGFP cells, the transduction
was followed by drug selection in the presence of 1.5 mg/ml
geneticin (G418, Sigma, Germany) for 14 days. The ability
of the JAWS II/IL-12 cells to produce IL-12 was tested without
geneticin selection.

Semi-quantitative reverse transcriptase polymerase chain
reaction (RT-PCR). Total RNA was isolated from ~5x106

cells using the RNeasy Protect Mini Kit (Qiagen, Germany).
The cDNA synthesis was carried out with Omniscript
Reverse Transcriptase (Qiagen) at 37˚C for 1 h. After cDNA
synthesis, the transcripts were amplified with mHPRT (240 bp)
and mIL-12 gene (700 bp) specific primers: mHPRTs, 5'
GCTGGTGAAAAGGACCTCT 3'; mHPRTa, 5' CACAGG
ACTAGAACACCTGC 3'; mIL12s, 5' TCCCTGCAGGGTC
CGATCCT 3'; mIL12a, 5' GAGGAGGTAGCGTGATTGA
CACAT 3'.

The PCR reaction parameters for IL-12 were 95˚C for
2 min, (95˚C for 30 sec, 51˚C for 30 sec, 72˚C for 1 min) x35
cycles, 72˚C for 5 min, 4˚C. For HPRT the reaction para-
meters were 95˚C for 5 min, (95˚C for 30 sec, 55˚C for 30 sec,
72˚C for 1 min) x30 cycles, 72˚C for 5 min, 4˚C. PCR was
performed in a thermal cycler (Whatman Biometra, Germany).
PCR products were separated by electrophoresis on 1%
agarose gels and visualized under UV light after ethidium
bromide staining.

Estimation of IL-12 production. JAWS II/IL-12 cells were
settled on 24-well TC plates (5x105 cells/well/ml) in CM ±
GM-CSF. The cells were cultured for 48 h. Then the super-
natants were harvested, centrifuged and frozen at -20˚C.
IL-12 activity was estimated by ELISA (Becton-Dickinson).

Preparation of MC38/0 TAg. The MC38 tumor cells (5x106/ml)
were collected, washed two times with PBS-Ca Mg (PBS(_)),
frozen in liquid nitrogen and thawed (+37˚C), a total of five
times. The cell debris was then sonificated for 2 h. The lysate
was used for control spleen cell activation, or for JAWS II
cell ‘pulsation’ (antigenic stimulation).

Procedure of JAWS II cell pulsation. JAWS II cells were main-
tained in 24-well TC plates (0.25x106 cells/ml) or in 75-cm2
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bottles (0.5x106 cells/ml) in CM supplemented with 5 ng/ml
GM-CSF for 24 h, then incubated with 10% TAg (vol
suspension) for the next 24 h. Pulsed JAWS II/TAg cells
were collected, washed in PBS(_), and resuspended to obtain
the required density.

Flow cytometry analysis. JAWS II cells were harvested using
0.2% EDTA, washed and suspended in PBS(_) containing
2.5% FCS at a density of 106 cells/ml. For direct immuno-
fluorescence cell staining, the following antibodies were
used: RPE-conjugated rat anti-mouse CD80, CD86, CD40,
CD11b, and RPE-conjugated hamster anti-mouse CD11c,
(Table I). Fifty microliters of the cell suspension were mixed
with 50 μl properly diluted antibodies and incubated at 4˚C
for 45 min. For indirect cell staining, 50 μl cell suspension
were incubated with an equal volume of unconjugated mouse
anti-mouse H-2b and I-a or rat anti-mouse CD54 antibodies
for 30 min at 4˚C, washed and incubated (4˚C for 45 min)
with FITC-conjugated rat anti-mouse or FITC-conjugated
F(ab')2 goat anti-rat, respectively. Dead cells were excluded
after staining with propidium iodide (25 μg/ml). The analysis
was carried out using a Becton-Dickinson FACSCalibur
apparatus with Cell Quest Software.

Cell-mediated cytotoxic assay. Splenocytes from naive,
untreated or DC-vaccine-treated tumor-bearing mice were
isolated, frozen and co-cultured for 5 days with mitomycin
C-treated (50 μg/ml/30 min) MC38 (MC38/0) cells. The
X63mIL-2 plasmacytoma cell supernatant (1x106/ml/72 h)
was used in a concentration of 3% as a source of murine IL-2
for splenocyte activation. Next, the splenocytes were incu-
bated with target MC38/0 cells labeled with DiOC18(3)
(Molecular Probes, USA, 30 min/37˚C) at a cell ratio of 10:1,
and then washed. After four hours of mixed culture of the
tumoral target and effector cells, the cells were washed and
dead cells were stained with propidium iodide for 5 min (PI
3.75 mM). The samples were analyzed by flow cytometry
with respect to the FL1 and FL3 channels of fluorescence.
The cytotoxicity of the spleen cells was calculated as the

percentage of dead cells (PI-positive) among the DiOC18(3)-
labeled MC38/0 cells.

IFN-Á secretion assay. The test was performed with the use
of a MACS Miltenyi Biotec set (Mouse IFN-Á Secretion
Assay). Splenocytes were harvested from naive, untreated
and DC-vaccine-treated tumor-bearing mice and frozen prior
to their use. Then they were co-cultured for five days with
mitomycin C-treated (50 μg/ml for 30 min) MC38/0 cells.
Next, the spleen cells (0.5-0.8x106) were washed in 2 ml cold
buffer (PBS(_) + 2 mM EDTA + 0.5% FCS) and suspended in
90 μl 5% CM. To detect IFN-Á-secreting cells, the cells were
labeled with Catch Reagent anti-IFN-Á antibody (10 μl, rat
anti-rat IgG1a) conjugated with rat antibody (IgGb), for 5 min
on ice and incubated for 45 min at 37˚C to allow cytokine
secretion. Then they were labeled with mouse PE-IFN-Á-
detecting antibody for 10 min on ice. The cells were addition-
ally counterstained with FITC-conjugated monoclonal anti-
CD8 antibody and analyzed by flow cytometry. The control
spleen cells were maintained in medium supplemented with
IL-2 only.

Mouse and tumor system and DC-vaccine treatment schedule.
The in vivo experiments were accepted by the Local Ethics
Committee for Animal Experiments. The C57BL/6 mice
were inoculated subcutaneously (s.c.) with MC38/0 cells
(1x106/0.2 ml/mouse). Approximately 14 days after tumor
inoculation, when the tumors were ca. 40 mm3 in volume, the
mice were randomly divided into groups of four to six with
similar tumor volumes. The mice were injected 3-4 times
peritumorally (p.t.) with JAWS II/IL-12 cells (0.25-1.5x106/
mouse, once a week) alone or together with JAWS II/TAg
cells. The control mice were given 0.2 ml physiological saline.
The vaccinated mice were monitored twice a week, and the
tumor volume was estimated by measuring the tumor size
and calculated using the formula 1/2a x b2, where ‘a’ represents
the largest diameter and ‘b’ the smallest tumor diameter. The
time required for the tumor to reach a volume of 1 cm3 (TRV,
days) was evaluated graphically, from median tumor growth
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Table I. Antibodies used for JAWS II DC characteristics.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Antibody Clone Dilution used Company
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Rat anti-mouse FITC-conjugated R-240 1/100; 1/400 BD Pharmingen
H-2KbDb 28-8-6 1/100 BD Pharmingen
I-Ab AF6-120.1 1/100 BD Pharmingen
(Fab') goat anti-rat FITC-conjugated 1/100 Serotec
CD54 rat anti-mouse KAT-1 1/1000 Serotec
CD11b RPE-conjugated MI/70.15 1/20 Serotec
CD11c RPE-conjugated HL3 1/40 BD Pharmingen
Isotype IgG2a LO-DNP-16 1/20 Serotec
CD80 RPE-conjugated RMMP-1 1/20 Serotec
Isotype IgG 1K R3-34 1/200 BD Pharmingen
CD40 RPE-conjugated 3/23 1/200 BD Pharmingen
CD86 RPE-conjugated GL1 1/200 BD Pharmingen
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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curves. TGI (%) was calculated according to the formula
100 - (MVT/MVC x 100) (%), where MTV represents the
median tumor volume in the treated mice and MVC the
median tumor volume in the control mice. The anti-tumoral
effect was estimated as the increase in life-span (ILS, %)
according to the formula (MST/MSC x 100) - 100 (%), where
MST represents the median survival time of the treated mice
and MSC the median survival time of the control mice.

Statistical methods. Statistical differences in TGI were calcu-
lated 3-8 days after the third injection, using the Kruskal-
Wallis test. The relationship between two particular groups
was calculated using the Mann-Whitney U test. Differences
with a p-value of p<0.05 were regarded as significant. Mouse
survival was analyzed using the Kaplan-Meier survival test
for nonparametric groups. Differences of p<0.05 between the
groups were regarded as significant.

Results

JAWS II dendritic cells transduction with EGFP gene. The
retroviral plasmid, pSAM EGFP, carrying the green fluorescent
protein gene was used as the control of the transduction process.
After geneticin (G418) selection, a subline of the JAWS II/
EGFP cells, was obtained (Fig. 1). The efficiency of the
JAWS II cell transduction with the pSAM EGFP vector was
evaluated by flow cytometry (Fig. 1A). A population of 81.26%
of the transduced cells exhibited a high level of EGFP expre-
ssion compared with the nontransduced control cells [a mean
fluorescence intensity (MFI) of 54 vs 4, respectively). Compa-
rative flow cytometric analysis of the surface phenotype of the
nontransduced JAWS II and JAWS II/EGFP cells revealed

no significant changes between both cell types in the CD11b-
positive JAWS II/EGFP cells (90% vs 87 %). However, slight
increases were noticed in the CD11c+ (from 11 to 16% ), and
CD80+ JAWS II/EGFP cells (from 7 to 14%) (Fig. 1B).
Considering these minor differences in the surface antigen
expression of the EGFP-producing cells, no significant
enhancement of tumor antigen presentation nor immunity
generation by these cells were expected compared with the
control, nontransduced JAWS II cells.

JAWS II DC transduction with murine IL-12 genes. JAWS II
cells were transduced with the retroviral vector SAMEN IL-12,
carrying murine IL-12 genes. The IL-12 transgene expression
level was analyzed by semi-quantitative RT-PCR using the
HPRT gene product as an internal standard (Fig. 2). IL-12-
transduced JAWS II/IL-12 cells expressed a moderate level
of IL-12 mRNA.

The estimation of IL-12 protein production was performed
by ELISA. The IL-12 production level was less dependent on
the presence of GM-CSF in the culture, than on the time of
incubation with the retroviral vector (from 24 up to 48 h) and
decreased abruptly after an extension of the incubation time.
Consequently, JAWS II/IL-12 cells - subjected to 24-h
transduction were then cultured (5x105 cells/ml) for 48 h for
the collection of supernatants containing IL-12. At these
conditions, JAWS II/IL-12 cells produced IL-12 at the level
range of 9-18 ng/ml/5x105 cells.

The cell surface phenotype of IL-12-producing JAWS II/
IL-12 cells was analyzed by flow cytometry. The trans-
ductants were analyzed directly after incubation with the
viral vector, and after 24 and 48 h of cultivation, they revealed
significant changes in the JAWS II/IL-12 cells compared
with the wild-type JAWS II cells. This caused increases in
the percentages of the CD11c+ (13% vs 8.5%), CD80+ (27% vs
17%) and CD86+ cells (59% vs 33%). Only a slight up-
regulation of MHC class I (88% vs 77%) and class II (14%
vs 10%) antigens was observed. The percentage of genetically
modified cells which acquired maturation markers increased
significantly during the first 24 h of culture after removing
the transducing factor (Table II). The effect was similar to
that obtained after the JAWS II cell stimulation with known
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Figure 1. Phenotypic characteristics of mouse JAWS II dendritic cells trans-
duced with the enhanced green fluorescent protein (EGFP) gene (JAWS II/
EGFP cells): The cells were infected with supernatant containing the vector,
PA SAM EGFP, (104CFU/ml). After a number of selections with G418,
81.26% of strongly EGFP-positive cells were obtained. The fluorescence
intensity is expressed as the mean geometric channel of the mean fluor-
escence intensity (MFI). (A) EGFP expression in the JAWS II/EGFP cells
(shadowed histogram), compared with the control JAWS II cells (empty
histogram). (B) Flow cytometric phenotypic analysis of the JAWS II/EGFP
cells (*percentage of positive cells).

Figure 2. The integration of mouse IL-12 mRNA in transduced JAWS II cells
was analyzed by semi-quantitative reverse transcriptase polymerase chain
reaction (RT-PCR). The mouse HPRT product was chosen as an internal
standard. PCR products were separated by electrophoresis on 1% agarose
gels and visualized under UV light after ethidium bromide staining.
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activators of DC maturation (LPS, IFN-Á or IL-12) as well
as - but to a lesser extent, with TAg (Table II).

The use of JAWS II/IL-12 cells as a DC-based vaccine for
immunotherapy of mice with established MC38 tumors.
C57BL/6 mice were inoculated subcutaneously (s.c) with
MC38 cells. After ~14 (13-15) days, when the tumors became
palpable, the mice were injected peritumorally (p.t.) with
JAWS II/IL-12 or tumor antigen-pulsed (JAWS II/TAg) cells
or with their combination (JAWS II/IL-12 and JAWS II/TAg
cells). JAWS II cells were administered for three (Fig. 3A
and B) or four (Fig. 3C) consecutive weeks. The control
animals received ~1x106 of the JAWS II/EGFP cells alone or
in combination with the JAWS II/TAg cells (cell ratio, 1:2).
The administration of JAWS II/EGFP cells did not affect the
tumor growth delay (Fig 3A) (Table III). However, if they
were given together with JAWS II/TAg cells, a tumor growth
delay was observed. The difference in time required for the
tumor to reach a volume of 1 cm3 (ΔTRV) was extended by
about 4.5 days (p<0.05). The injection of JAWS II/IL-12
cells alone resulted in slight tumor growth suppression
(ΔTRV, 2 days). However, the administration of JAWS II/
IL-12 in combination with JAWS II/ TAg cells significantly
delayed tumor growth (ΔTRV, 12 days). Mice which received
three vaccinations of JAWS II/ IL-12 cells, showed a 40%
TGI, whereas the animals which obtained the combined
vaccine, showed up to a 78% TGI. In the other experiment
(Fig 3B) (Table III), mice were vaccinated with a number of
cells lower than in the previous experiment (0.7-1.1x106/per
injection). In this case the administration of JAWS II/IL-12
or JAWS II/TAg cells alone, resulted in a ΔTRV increase of
up to 6.5 days, and the application of vaccines causing the

combination of both cell types resulted in a ΔTRV increase
of up to 12 days. The differences between the volumes
calculated on the 35th day (7 days after the third vaccination)
proved to be statistically significant (p<0.01) compared with
the control. A more sophisticated schedule of DC-vaccine
application was conducted in the next experiment (Fig 3C)
(Table III). First, all the mice were vaccinated with a combin-
ation of JAWS II/IL-12 and JAWS II/TAg cells (1.1x106/
mouse). Then the animals were divided into three groups and
administered three consecutive vaccines of JAWS II/IL-12,
JAWS II/TAg cells alone or their combination. All together,
the mice received four cell vaccines, resulting in an increased
ΔTRV (12.5 days). It should be mentioned that vaccination
with the JAWS II/IL-12 and JAWS II/TAg cell combination
followed by vaccines containing one type of DCs resulted in
no enhancement of TGI compared with the DC combination.
However, four-fold JAWS II/IL-12 and JAWS II/TAg cell
applications resulted in an ILS of up to 87% over the control
(Table III), which was accompanied by a long-lasting,
statistically significant, tumor growth delay (Fig. 3C). The
survival of tumor-bearing mice, as estimated by the Kaplan-
Meier test, depended on the number of vaccinations, revealing
statistical significance (p<0.05) only for mice receiving four
DC-vaccines (Fig. 4C).

Host immune cell activity. Determination of the cytolytic
activity of the spleen cells and the detection of IFN-Á-
secreting spleen cells of mice receiving either JAWS II/TAg
or JAWS II/TAg and JAWS II/IL-12 cell vaccines were
performed (Fig. 5). Splenocytes were collected after the third
DC-vaccination. The control splenocytes were collected from
the naïve and tumor-bearing control mice. After five-day TAg
restimulation in vitro, the cytotoxicity of the spleen cells was
estimated. The comparative analysis did not reveal significant
differences in the cytotoxicity of the splenocytes among the
experimental and control groups, even in the case of mice
with long-lasting tumor growth delay. In order to estimate the
percentage of CD8+IFN-Á-producing splenocytes, restimulated
spleen cells were labeled with an antibody against IFN-Á and
further counterstained with an antibody against CD8. The
percentage of positive cells was calculated and compared with
the control spleen cells maintained in medium supplemented
with IL-2 only. The vaccination with JAWS II/TAg cells and
JAWS II/IL-12 cells resulted in a decrease in the number of
CD8+ splenocytes accompanied by a slight increase in the
percentage of IFN-Á-producing spleen cells, mainly CD8+

cells. This phenomenon is associated with the number of
injections and is inversely proportional to the tumor volume.
It was particularly noticeable in the case of individual animals
with a long survival (example in Fig. 5, but overall data not
shown). These observations could imply the escape of
activated T cells from peripheral organs, such as the spleen, to
the vicinity of the tumor nodule.

Discussion

Among the different types of cellular vaccines, protocols
using DCs pulsed with tumor lysate have proved to be the
most promising and simplest way to enhance anti-tumor
immunity in mice and even in some humans with advanced
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Table II. Phenotypic characteristics of transduced JAWS II
DCs used as a vaccine.
–––––––––––––––––––––––––––––––––––––––––––––––––
Cells CD80 CD86 CD54 H-2 I-a
–––––––––––––––––––––––––––––––––––––––––––––––––

Directly after transductiona

–––––––––––––––––––––––––––––
JAWS II-control 17 31 97 87 10
JAWS II/TAgb 33 48 99 90 14
JAWS II/IL-12 39 70 98 90 17

24-h Culture after transduction
–––––––––––––––––––––––––––––––

JAWS II-control 16 45 98 95 29
JAWS II/IL-12 33 80 98 97 23

48-h Culture after transduction
–––––––––––––––––––––––––––––––

JAWS II-control 25 30 99 92 12
JAWS II/IL-12 33 69 99 97 7
–––––––––––––––––––––––––––––––––––––––––––––––––
aAfter 24-h incubation with the viral vector; bafter 24-h incubation
with the tumor lysate (performed simultaneously with viral infection).
JAWS II cells were suspended in PBS containing 2.5% FCS at a
density of 106 cells/ml. The CD80 and CD86 expressions were
examined by flow cytometry using fluorochrom-labeled antibodies.
MHC molecules and CD54 expression were analyzed after indirect
cell staining. Analysis was carried out using a Becton-Dickinson
FACSCalibur apparatus with Cell Quest Software.
–––––––––––––––––––––––––––––––––––––––––––––––––
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cancer (28). The murine DCs of the established JAWS II cell
line are able to prime the activity of spleen cells in vitro
(10,13,29). Antigen presentation by DCs, followed by their
maturation, has proved to be associated with short-lived IL-12
production. To extend the time of cytokine production, the
use of genetically engineered IL-12 secreting cells has been
considered. In a variety of animal tumor models, it was
demonstrated that the administration of cytokine-producing
DCs (including IL-12-producing cells) into the tumor site
promoted tumor rejection by enhancing anti-tumor immunity
(5,12,17-19,21,22). However, the options of DC delivery have
not yet been satisfactorily established.

In the presented study, JAWS II cells transduced with a
retroviral vector carrying murine IL-12 genes were used as a
short-term cytokine depot to elicit anti-tumor immune response.
The JAWS II wild-type cells are characterized by a high
expression of MHC class I, CD54 and CD11b antigens and
moderate levels of costimulatory molecules such as CD11c
or CD80, as well as CD86. Only a small percentage of JAWS II
cells express the MHC class II antigen and they are virtually
CD40-negative (13,29,30).

First, JAWS II cell transduction with the reporter EGFP
gene was performed. The transduction efficiency, followed
due to intracytoplasmic EGFP production, was observed in
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Figure 3. Effects of multiple peritumoral injections of the JAWS II/IL-12 cell vaccine alone or in combination with the JAWS II/tumor cell lysate (TAg) cells
on MC38 tumor growth in C57BL/6 mice. Cells were administered for three (A and B) or four (C) consecutive weeks (arrows). *Median time, in days for the
tumor to reach a volume of 1 cm3 (TRV). Inserts contain the illustration of the statistical differences between the groups as calculated by the Kruskal-Wallis
test 7-8 days (A and B) or 3 days (C) after the 3rd cell injection. Statistical differences in TGI (expressed as the median tumor volume) were calculated using
the Kruskal-Wallis and Mann-Whitney U tests. Differences where p<0.05 were regarded as significant.
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81.26% of the transduced cells (Fig. 1). A similar retroviral
vector (the pMX) used by Akiyama et al (17) resulted in only
about 40% of positive cells being GFP-transduced demon-
strating an increased expression of cell maturity markers. In
our study, however, JAWS II/EGFP cells revealed no signifi-
cant changes in their maturation level. The EGFP-producing
cells displayed typical DC behavior after antigen pulsation
and underwent maturation without an increase in the EGFP
autofluorescence. They were also able to generate host
immunity, similar to the untreated JAWS II control cells.

Using the conditions determined for the reporter EGFP
vector, JAWS II cells were transduced with the retroviral vector
SAMEN IL-12 carrying murine IL-12 genes. The transduced
JAWS II/IL-12 cells expressed a moderate level of IL-12
mRNA (Fig. 2), and produced 9-18 ng IL-12/ml/5x105 cells.
A lower level of IL-12 production was obtained by Melero et al
after DC transduction with the use of an adenoviral vector
(12), as opposed to the high level of IL-12 production
obtained by Akiyama et al (17) using a pMX retroviral vector.
The analysis by flow cytometry revealed the most evident
differences between the wild-type JAWS II and JAWS II/IL-12
cells. During the first 24 h of culture after transduction
(Table II), the increase in population size of cells expressing
maturation markers could be observed. This included a small

increase in the percentage of CD11c+ cells, a moderate
increase in the percentage of CD80 and CD86-positive cells,
and a slight up-regulation of cells positive for both MHC
classes. The maturation process of JAWS II/IL-12 cells was
similar to that induced by the stimulation with known DC
maturation activators (LPS, IFN-Á, or IL-12) as well as, but to
a lesser extent, with TAg. These data contradict evidence
published by Akiyama et al (17) of a significant increase in
the percentage of DC transductants expressing the CD11c
antigen. The differences could be due to the origin of their
engineered DCs which were ex vivo cultured DCs.

Tumor antigens with unknown antigenic characteristics
could be produced by repeated freezing and thawing or by
the sonification of whole tumor cells (16). In the present study,
both JAWS II and JAWS II/EGFP cells were loaded (pulsed)
with MC38 tumor lysates. As a result of this stimulation a
marked increase in CD11c expression was observed. However,
the application of these cells as a vaccine had no significant
effect on tumor growth delay (Fig. 3A) (Table III).

In some publications, the local peritumoral administration
of IL-12-producing DCs usually resulted in the significant
inhibition of the tumor growth (5,10). However, in the model
presented here, the administration of JAWS II/IL-12 cells
resulted only in an insignificant tumor growth delay. In
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Table III. MC38 tumor growth in C57BL/6 mice treated with multiple peritumoral injections of JAWS II/IL-12 cells alone or in
combination with JAWS II/TAg cells.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Groups Number of TRV ΔTRV TGI ILS

injections (days) (days) (%) (%)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Exp. 1

Control 3 30.5 - - -
JAWS II/EGFP 31.5 1 25.4 18
JAWS II/IL-12 32.5 2 40 26
JAWS II/TAg+/JAWS II EGFP 35 4.5 52 16
JAWS II/TAg+JAWS II/IL-12 43 12.5 78.5 24

Exp. 2
Control 3 26.5 - - -
JAWS II/TAg 33 6.5 41 16
JAWS II/IL-12 33 6.5 45 23
JAWS II/TAg + JAWS II/IL-12 39 12.5 54 >2

Exp. 3
Control 4 28.5 - - -
JAWS II/TAg 38 9.5 86 48
JAWS II//IL-12 33.5 5 54 59
JAWS II/TAg + JAWS II/IL-12 41 12.5 76 87

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
TAg, tumor cell lysate; EGFP, enhanced green fluorescent protein; TRV, time in days required for the tumor to reach a volume of 1 cm3;
ΔTRV, difference between the TRV of the treated and control mice. TGI was measured according to the formula 100 - (MVT/MVC x 100)
(%), with MTV representing the median tumor volume in the treated mice and MVC the median tumor volume in the control mice.
Statistical differences in TGI (measured by the median tumor volume) were calculated after the third injection of every experiment, using
the Kruskal-Wallis and Mann-Whitney U tests. Differences of p<0.05 were regarded as significant. ILS was measured according to the
formula (MST/MSC x 100) - 100 (%) with MST representing the median survival time for the treated mice and MSC the median survival
time for the control mice.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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contrast, when JAWS II/IL-12 cells were used in combination
with JAWS II/TAg cells, a statistically significant tumor-
inhibitory effect was visible (ΔTVR up to 12 days compared
with the control group) (Fig. 3). Furthermore, the changes in
TGI in the particular groups calculated 7-8 days after the
third vaccination proved to be statistically significant (p<0.01)
compared with the control group. Thus, as it was underlined
by Mendoza et al (13), the local concentration of mature
DCs inoculated at the tumor site can control the tumor
growth. The administration of matured DCs as a necessity for
successful anti-tumor immunotherapy was also considered by
Schulz et al (33).

The problems of the efficacy of multiple administrations
of DCs pulsed with tumor antigens have been considered in
some publications (7). The experiments presented here confirm
the positive effects of extended vaccine application. When the

IL-12 transducted cells were given three times, a significant
tumor growth delay was not observed. However, when the
animals received four vaccinations, statistically significant
differences in survival could be observed between the experi-
mental animal groups (p<0.05, Fig. 4C).

Since not only T cells, but also NK cells, NKT cells and/
or macrophages could be involved in the IL-12-generated
anti-tumor response, this cytokine could also be effective in
the therapy of some MHC class I-negative tumors (20).
Presumably, the application of a vaccine containing IL-12
transducted cells (i.e. JAWS II/IL-12 cells) contributed to the
recovery of various immunological mechanisms of tumor
defense, such as cellular immunity (including the immuno-
sensitivity of tumor cells to CD8+ cytotoxic T lymphocytes).
JAWS II/IL-12 and JAWS II/TAg cells differ in their abilities
to generate anti-tumor immunity. The slow MC38 tumor
growth could be associated with the increased percentage of
effector CD8+ cytotoxic cells able to IFN production. This
observation could imply the escape of activated T cells from
peripheral organs, such as the spleen, to the vicinity of the
tumor nodule to infiltrate tumor tissue.

The important relationship between the IL-12 production
level and in vivo DC activity has been considered by other
authors who have pointed out the role of this cytokine in the
induction of IFN-Á and TNF-· production. Tumor regression
proved to be associated with a detectable CTL response
directed against tumor antigens captured by DCs and parti-
cularly by DCs genetically modified to release IL-12 at the
tumor site (5,12,17,31,32). Although the activation of mature
macrophages with all the consequences of their activity should
be considered, host CD8+ cells activated by cross-priming with
injected JAWS II cells can produce IFN-Á (Fig. 5), which up-
regulates the expression of MHC class I molecules on the
MC38/0 cells, and in this way can help to induce the sensitivity
of the MC38/0 tumor to T cell-mediated immunity. The
possibility of the in vitro triggering off MHC class I molecule
expression on the MC38/0 cell surface by exogenous IFN-Á

has been described previously (26). Hence, the IL-12-gene-
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Figure 4. Median survival time of C57BL/6 mice bearing the MC38 tumor,
vaccinated with three (A and B) or four (C) peritumoral injections of JAWS II/
IL-12 cells, JAWS II/TAg cells alone or in combination. The Cumulative
Proportion Surviving was estimated by the Kaplan-Meier survival test. The
differences between the groups were statistically significant (p<0.05) only
after the vaccines were administered four times (C).

Figure 5. Late activities of immune cells after the injection of JAWS II cell-
based vaccines, as estimated by cytotoxic activity and the percentage of
IFN-Á-producing splenocytes. Splenocytes were restimulated for five days
with mitomycin C-treated MC38/0 cells in the presence of IL-2. Target
MC38/0 cells were stained with DiOC18(3) for 4 h and then treated with PI.
The cytotoxicity of the spleen cells was analyzed by flow cytometry (Materials
and methods).
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modified JAWS II cells temporary secreting IL-12, especially
administered together with tumor antigen-activated JAWS II
cells, could be considered as a model adjuvant vaccine for
immuno- as well as combined immuno-chemotherapy in
experimental models. The results presented in this study also
open the possibility of the similar treatment of corresponding
human malignancies.
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