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Abstract We have demonstrated previously that the
inoculation of murine mammary tumor cells genetically
modiWed to express high levels of secretory leukocyte
protease inhibitor (2C1) do not develop tumors in immuno-
competent mice and these cells are more prone to apoptosis
than control cells. The aim of the present study was to eval-
uate the role of the adaptive immune response in the lack of
tumor growth of 2C1 cells and the possibility of using these
cells for immunotherapy. The s.c. administration of mock
transfected F3II cells induces tumor in BALB/c and Nude
mice. However, the inoculation of 2C1 cells develops
tumor in Nude but not in BALB/c mice. The inoculation of
mock transfected F3II cells to 2C1 immunized BALB/c
mice by repeated administration of 2C1 cells (once a week
for 3 weeks) developed signiWcantly smaller tumors than
those observed in non-immunized mice. Remarkably, sur-
vival of tumor-bearing immunized mice was higher than
non-immunized animals. Herein, we demonstrate that an
immunotherapy with SLPI over-expressing non-irradiated
tumor cells which do not develop tumor in immunocompe-
tent mice, partially restrain the tumor growth induced by
F3II cells and increase the survival of the mice.

Keywords Immunotherapy · SLPI · Cancer · 
Mammary tumor

Introduction

Several diVerent vaccines derived from whole tumor cells or
tumor cell lysates have been evaluated in preclinical models
and clinical trials. For example, tumor cells extracted from sur-
gical resection or biopsy specimens have been used to develop
these vaccines [1–5]. Moreover, tumor cells were infected with
viruses transduced with genes expressing cytokines, HLA
molecules, or co-stimulatory molecules in order to increase the
immunogenicity of these cells [6, 7]. Regardless the strategies
developed to generate tumor cell-based vaccines; cells need to
be irradiated before the inoculation to avoid their proliferation
and dissemination. For instance, tumor irradiated cells have
been shown to improve the survival of patients with metastasis
[1]. These vaccines tend to boost an immune response by acti-
vating dendritic cells and eliciting a proper tumor cell-speciWc
T-cell response.

Secretory leukocyte protease inhibitor (SLPI) is an
11.7 kDa non-glycosylated serine protease inhibitor synthe-
sized and secreted by inXammatory and stroma cells in the
local microenvironment of the respiratory, digestive, and
genital mucosa [8]. Moreover, SLPI expression has been
described in several tumor processes. However, the role of
this protein in cancer is not completely elucidated. An
increased or a decreased SLPI expression was described in
diVerent tumors, and this has been associated with either
higher or lower tumorigenicity [9–16].

In previous studies, we have demonstrated that the inoc-
ulation of mammary tumor cells genetically modiWed to
express high levels of SLPI does not develop tumors in
BALB/c mice. Although, these cells proliferate in vitro,
they are more prone to apoptosis than mock transfected
cells. The aim of the present study was to evaluate the role
of the adaptive immune response in the lack of tumor
growth of SLPI over-expressing cells and the possibility of
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using these cells for immunotherapy. Herein, we demon-
strate that SLPI over-expressing cells grow in Nude mice.
Furthermore, the pretreatment of BALB/c mice with
repeated administration of SLPI over-expressing mammary
tumor cells reduced the tumor growth generated by mock
transfected control cells.

Materials and methods

Animals

Eight weeks old female BALB/c and Nude (Swiss) mice were
obtained from the animal facility of the Faculty of Veterinary,
University of La Plata, Buenos Aires, Argentina. Animals
were maintained at Animal Facility (Microbiology Depart-
ment, School of Medicine, University of Buenos Aires) in
accordance with the experimental ethics committee guidelines.

Tumor cell lines and culture conditions

F3II is a BALB/c murine mammary carcinoma hormone-inde-
pendent cell line described previously [17]. 2C1 were obtained
by transfecting F3II cells with the pcDNA3 plasmid encoded
the hSLPI gene as previously described (not shown).

Both cells were cultured in RPMI 1640 (Gibco, Grand
Island, New York), supplemented with heat inactivated
10% FBS, 2 mM L-Glutamine, and 40 �g/ml gentamicin at
37°C in a 5% CO2 atmosphere. For some experiments, 2C1
cells were irradiated with 3000 rad single dose of gamma-
rays at CEBIRSA S.A. (Buenos Aires, Argentina).

Apoptosis measurement

Tumor cells were seeded in a 6-well plate and incubated in
RPMI 1640 (Gibco) with 2 mM L-glutamine, 40 �g/ml
gentamicin, supplemented with heat inactivated 10% FBS
(37°C, 5% CO2). After 24 h, cells were harvested with 0.05%
trypsin–EDTA (Gibco) and apoptosis was measured by
ethidium bromide/acridine orange staining [18]. Cell staining
was analyzed using an ultraviolet Xuorescence microscope
(Nikon Eclipse TS100, Nikon, Tokio, Japan). Cells were
scored into two categories: (1) non-apoptotic: cells with large,
bright green, non-condensed nuclei; and (2) apoptotic cells:
with red/orange nuclei that showed signs of nuclear bead
formation or without bright green nuclei with signs of nuclear
condensation and membrane blebbing. At least 200 cells/
samples were counted and scored.

In vitro cell proliferation assay

2C1 clone cells and F3II control cells (3 £ 104/well) were
seeded in a 96-well plate and they were incubated in RPMI

1640 (Gibco), supplemented with heat inactivated 10%
FBS, 2 mM L-Glutamine, and 40 �g/ml gentamicin at 37°C
in a 5% CO2 atmosphere. After 24 h, cells were pulsed with
5 �Ci/ml [methyl-3H] thymidine (speciWc activity 20 Ci/
mmol; Perkin Elmer, Boston, MA) for the last 18 h of cul-
ture. Finally, the cells were harvested and radioactivity was
measured in a liquid scintillation �-counter (Wallac 1214
Rackbeta, Turku, Finland).

Tumor cells administration

Mice were inoculated (s.c.) with F3II or 2C1 cells (5 £ 106

cells) into a Xank of BALB/c or Nude mice. The tumor
length (L) and width (W) were measured with a caliper
three times a week, and the tumor volume (V) was calcu-
lated as V = (L £ W2)/2. No animals died because of tumor
growth. The interval between tumor cell inoculation and the
endpoint was deWned as the survival time. The endpoint for
survival curves was taken into account when the tumor
reached a volume of 1,100 mm3 for BALB/c and 400 mm3

for Nude. Animals were killed following the guidelines of
the ethics committee for experimentation of the Animal
Facility.

In another set of experiments, 3 £ 106 2C1 irradiated or
non-irradiated cells and 8 £ 105 F3II cells were inoculated
at the same time into the left Xank (LF) and the right Xank
(RF) of BALB/c mice, respectively.

Immunization

Mice were inoculated with 8 £ 105 2C1 cells into the left
Xank, three times once a week. After the last 2C1 inocula-
tion, mice were challenged 2 weeks later with 8 £ 105 cells
into the RF. Tumor growth and survival were monitored as
described above.

Statistical analysis

Comparisons between groups were made using unpaired or
paired Student’s t test as indicated in each Wgure legend.
Statistical analysis was performed using GraphPad InStat
(Version 3.06; GraphPad Software Inc., La Jolla, CA) with
diVerences considered signiWcant at P < 0.05. Kaplan–
Meier plots were used for survival analysis.

Results

The administration of 2C1 cells induces tumor growth 
in Nude but not in BALB/c mice

We have previously obtained SLPI over-expressing mam-
mary tumor cell clones. Figure 1a shows that one of these
123
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clones, 2C1, presented in vitro a higher proliferation than
F3II control cells (transfected with the empty plasmid).
Also, in vitro, 2C1 cells were more prone to apoptosis than
F3II control cells (Fig. 1b). Furthermore, we have observed
that the s.c. administration of 8 £ 105 2C1, but not F3II
control cells, into BALB/c mice did not generate tumor at
least up to 6 months after cells inoculation (not shown).

The same was observed when more (5 £ 106) 2C1 cells
were inoculated to BALB/c (Fig. 1c). Moreover, 100% of
these mice have survived until the end of the experiment
(Fig. 1d). On the contrary, 5 £ 106 2C1 and control cells
generated tumors in Nude mice (Fig. 1e). However, the
tumor developed by 2C1 cells in Nude mice was smaller
than tumor generated by F3II cells. Moreover, none of the

Fig. 1 SLPI over-expressing tumor cells (2C1 clone) growth in immu-
nodeWcient but not in immunocompetent mice. a In vitro proliferation
of clones. 2C1 and F3II control clone were seeded in 96 wells plate and
incubated for 24 h at 37°C. After, cells were pulsed with 5 �Ci/ml
(methyl-3H) thymidine for the last 18 h. Finally, the cells were har-
vested and the incorporation of radioactivity was measured in a liquid
scintillation �-counter. Mean § SEM of four independent experiments
(*P < 0.05 2C1 vs. F3II Control; paired Student’s t test). b Percentage
of apoptotic cells measured by ethidium bromide/acridine orange
staining shown as mean § SEM of Wve independent experiments

(*P < 0.05 2C1 vs. F3II; paired Student’s t test). BALB/c (c) or Nude
(e) mice were s.c. inoculated with 5 £ 106 SLPI over-expressing tumor
cells (2C1) or with control clone (F3II mock transfected). The tumor
growth was measured with a caliper, and tumor volume was calculated
as indicated in “Materials and methods.” It is shown the mean § SD of
one representative experiment of Wve. Each group contained Wve ani-
mals. Tumor growth was monitored for 52 (c) or 32 (e) days. Data on
(d) and (f) are expressed as Kaplan–Meier survival curves of (c) and
(e) experiments, respectively
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2C1 inoculated Nude mice reached a tumor size >400 mm3

at day 38 (Fig. 1f). The later results suggest that cells of the
adaptive immune response are required for avoiding the
tumor growth.

Immunotherapy with 2C1 cells reduces mammary tumor 
growth

In order to assess whether the administration of 2C1 cells
could prevent or reduce the F3II tumor growth, we adminis-
tered irradiated or not irradiated 2C1 cells into the left Xank
and F3II cells into the RF of BALB/c mice. Tumor growth
induced by F3II was the same despite the presence or not of
irradiated or non-irradiated 2C1 cells into the opposite Xank
(Fig. 2a). Furthermore, no signiWcant diVerences were
observed in survival curves (Fig. 2b). Moreover, it is impor-
tant to note that non-irradiated 2C1 cells did not generate
tumor in any case in immunocompetent mice; even if F3II
were inoculated in the opposite Xank. Then, we analyzed
whether tumor protection could be achieved by several

pre-administration of 2C1 cells into immunocompetent mice.
Therefore, 8 £ 105 2C1 cells were administrated into BALB/
c mice, once a week for 3 weeks; 15 days after the last 2C1
inoculation, F3II cells were administered into the opposite
Xank. Figure 2c shows that the inoculation of F3II cells into
2C1 immunized mice developed signiWcantly smaller tumors
than non-immunized mice. Remarkably, survival of tumor-
bearing immunized mice was higher than non-immunized
animals (Fig. 2d).

Discussion

We have described that mammary tumor cells genetically
modiWed to express high levels of SLPI do not generate
tumor in BALB/c mice. In the present study, we found that
these cells grow and generate tumor in Nude mice. More-
over, the repeated administration of SLPI over-expressing
cells reduced the growth of tumor generated by mock trans-
fected cells and increased the survival of BALB/c mice.

Fig. 2 Immunotherapy with 2C1 cells reduces mammary tumor
growth. a BALB/c mice were inoculated with 8 £ 105 F3II cells into
the right Xank (RF) and simultaneously with 3 £ 106 2C1 irradiated
(F3II RF—2C1 irradiated LF) or non-irradiated cells into the left Xank
(F3II RF—2C1 non-irradiated LF). Mice receiving only F3II cells into
the RF were used as control (F3II RF). Tumors were monitored for
49 days. It is shown the mean § SD of one representative experiment
of two with similar results. Each group contained Wve animals.

c BALB/c mice were immunized by the inoculation of 2C1 cells three
times once a week with 8 £ 105 cells into the LF. Two weeks later of
the last treatment with 2C1 cells, mice were challenged with 8 £ 105

F3II cells into the opposite side. Tumor growth was measured as de-
scribed in Fig. 1. (*P < 0.05 and **P < 0.01, unpaired Student’s t test).
Data on (b) and (d) are expressed as Kaplan–Meier survival curves of
(a) and (c) experiments, respectively
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The standard goal for a successful cancer vaccine is to
induce an eVective antigen-speciWc CD8 T-cell immune
response. In the last years, several diVerent strategies have
been used in order to elicit this immune response against
tumor cells. For instance, dendritic cells have been loaded
with tumor antigens or apoptotic tumor cells and used as
adjuvants for cancer patients [19, 20]. These immunothera-
pies have produced variable results, some demonstrating
tolerance and others priming of CD8 responses [19–21].
The kind of immune response generated by the administra-
tion of 2C1 cells to BALB/c mice has not been elucidated
in this preliminary work. However, the adaptive immune
response is involved because 2C1 cells grow in Nude mice.

In our study, we have used cells producing human SLPI
instead of mouse SLPI. It is probable that a human protein
may elicit an immune response in mouse. However, it is not
clear why cells producing and secreting a human protein,
such as SLPI, would not grow in immunocompetent ani-
mals. The reasons that sustain the lack of an immune
response against the cells producing human SLPI are as fol-
lows: (1) human SLPI has a 76% degree of homology with
the mouse protein [22]; (2) 2C1 cells produce a secreted
protein since the transfection of F3II tumor cells has been
done with the full length human SLPI cDNA including the
sequence codifying for the signal peptide. To our knowl-
edge, the protein is not expressed on the surface of 2C1
cells; (3) the administration of a clone that secretes 50%
less SLPI than 2C1 cells, grows in immunocompetent mice
(data not shown); and (4) chronic administration of rhSLPI
in rat and murine models of inXammation does not generate
an immune response against the protein [26]. Therefore, it
is unlikely that a putative immune response against hSLPI
would be the reason of the lack of growth of 2C1 cells.

Another issue is that the kinetic of growth of 2C1 cells
was slower than F3II cells in immunodeWcient mice. There-
fore, it is probable that other mechanisms beside the adap-
tive immune response are involved in the lack of tumor
growth in BALB/c mice. Moreover, the lack of diVerences
on tumor growth in the bystander experiments (Fig. 2a, b),
suggests that the adaptive immune response may be eVec-
tive only at the Wrst steps of tumor development. The eVect
observed by the repeated administration of 2C1 followed
by F3II inoculation does not prevent the development but
signiWcantly decreases the rate of tumor growth. Overall,
these results suggest that the adaptive immune response
may not be very eYcient to eradicate but to harness the
tumor growth.

2C1 cells are SLPI over-expressing cells. Although,
SLPI plays a role in several tumor models as a pro or antitu-
moral factor [13, 15, 23, 24], we do not believe that SLPI
was responsible for shaping the immune response elicited
by the administration of 2C1 cells. This is supported by the
following: (1) the lack of growth of 2C1 cells in BALB/c

mice along the experiments; and (2) the undetectable levels
of SLPI in the serum of mice inoculated with 2C1 (not
shown). This issue could be address by the repetitive
administration of non-producing SLPI 2C1 cells, such as
irradiated 2C1 cells. However, it is probable that the repetitive
inoculation of irradiated F3II could also induce a protective
eVect on tumor growth. These experiments will be done in
the future, but none of them will undermine the results pres-
ent herein that used live tumor cells as an immunotherapy
strategy.

Apoptosis of tumor cells have been associated with tol-
erance or no immune response. However, more recently it
has been shown that some part of the apoptotic process is
required for generating an immune reaction. The degree of
apoptosis seems to be important. A high level of apoptosis
is generally highly immunogenic [25]. In this regard, we
have shown that 2C1 cells are more prone to apoptosis than
F3II cells in vitro. The apoptosis was more marked under
serum starving conditions (not shown). Since the induction
of in vivo tumor cell apoptosis is likely to be critical for
developing eVective tumor immunotherapy approaches
[26], we suggest that the in vivo apoptosis of 2C1 cells
induces a putative protective adaptive immune response.
Further studies are required in order to unravel the immune
response elicited by the immunization with 2C1 cells.

To our knowledge, this is the Wrst study that shows that
genetically modiWed SLPI over-expressing non-irradiated
tumor cells which do not develop tumor in immunocompe-
tent mice, act as a vaccine that partially restrain the tumor
growth, probably by apoptosis that boosts an adaptive
immune response.
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