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Abstract Preventive immunotherapy is an attractive
strategy for patients at a high risk of having cancer. The
success of prophylactic cancer vaccines would depend on
the selection of target antigens that are essential for tumour
growth and progression. The overexpression of GM3 gan-
glioside in murine and human melanomas and its important
role in tumour progression makes this self antigen a poten-
tial target for preventive immunotherapy of this neoplasm.
We have previously shown that preventive administration
of a GM3-based vaccine to C57BL/6 mice elicited the
rejection of the GM3 positive-B16 melanoma cells in most
of the animals. Despite the crucial role of cellular immune
response in tumour protection, the involvement of T cells
in anti-tumour immunity of ganglioside vaccines is not
described. Here, we examined the mechanisms by which
this immunogen confers tumour protection. We have found
that induction of anti-GM3 IgG antibodies correlated with
tumour protection. Surprisingly, CD8+ T cells, but not
NK1.1+ cells, are required in the eVector phase of the antit-
umour immune response. The depletion of CD4+ T cells
during immunization phase did not aVect the anti-tumour
activity. In addition, T cells from surviving-immunized ani-
mals secreted IFN� when were co-cultured with IFN�-
treated B16 melanoma cells or DCs pulsed with melanoma
extract. Paradoxically, in spite of the glycolipidic nature of
this antigen, these Wndings demonstrate the direct involve-
ment of the cellular immune response in the anti-tumour
protection induced by a ganglioside-based vaccine.
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Abbreviations
VSSP Very small size proteoliposomes
FCS Fetal calf serum
OMP Outer membrane proteins
MAbs Monoclonal antibodies
PI Propidium iodide
PNPP p-Nitrophenylphosphate
CMC Complement-mediated cytotoxicity
bmDCs Bone-marrow-derived dendritic cells

Introduction

Most therapeutic cancer vaccines trials have been per-
formed in advanced and heavily treated cancer patients. In
this stage of the disease, the vaccination is poorly eVective
due to that, the immune system is not able to overcome
tumour-induced or therapy-induced immunosuppression
[1]. Many of the problems that diminish therapeutic eVects
of cancer vaccines would not need to be considered in the
setting of tumour prevention. An immune system that is
primed against tumour antigens would be expected to
destroy the tumour before it can suppress and evade the
immune response. Consequently, preventive immunother-
apy is an attractive strategy for patients at a high risk of
having cancer, including viral-associated malignancies
such as hepatocellular carcinoma [2] and cervical cancer
[3], with some studies still in progress. In the case of mela-
noma, epidemiologic studies have identiWed environmental,
host and genetic risk factors in which are included sun
exposure, multiple banal or dysplastic nevi, fair skin, famil-
ial melanoma and susceptibility genes [4].
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The chances of success of vaccines for cancer prevention
depend on the selection of target antigens that are essential
for tumour growth and progression. In this sense, GM3
ganglioside is a glycolipid present in normal tissue but
overexpressed on tumours like melanomas [5]. The immu-
nosuppressive properties of this molecule and its important
role in tumour progression make this self antigen a poten-
tial target for preventive immunotherapy of this neoplasm.

For several years, gangliosides were considered as T cell
independent antigens because they were not presented to
T lymphocytes by the major histocompatibility complex
as regular peptide antigens [6]. However, this category
became controversial due to the Wnding of CD1-restricted
T cells speciWc for gangliosides in healthy donors and
multiple sclerosis patients [7].

Several studies have shown that tumour-associated gan-
gliosides are immunogenic in melanoma patients and that
antibodies against them have a favorable prognostic eVect
[8]. The role of antibodies in the antitumour eVect of gan-
glioside vaccines has been considered to be predominant,
if not exclusive [9, 10]. However, the involvement of T
cells in the antitumour protection induced by ganglioside-
based vaccines has not yet been described. This is an
important issue, since if a robust cellular immune response
could be elicited, then immunological memory could be
long lasting, eradicating tumour before it becomes clinically
obvious.

The GM3-based vaccine is composed by very small size
proteoliposomes (VSSP) resulting from the hydrophobic
conjugation of GM3 ganglioside with Neisseria meningiti-
dis membrane proteins (VSSP/GM3) [11]. We have previ-
ously shown that preventive immunization of C57BL/6
mice with this nanoparticulated immunogen consistently
elicited the rejection of B16 melanoma cells [12, 13]. How-
ever, the precise mechanisms by which this vaccine confers
tumour protection were unknown.

In the present work, we examined the eVect of in vivo
depletion of lymphocyte populations on tumour protection
induced by VSSP/GM3 vaccine in B16 melanoma model.
We have also tested the role of anti-GM3 antibodies in the
vaccine capacity to reject the tumour. We found that the
induction of anti-GM3 IgG antibodies correlated with
tumour protection. However, the depletion of CD4+ T cells
during immunization phase did not aVect the antitumour
activity. Surprisingly, CD8+ T cells but not NK1.1+ cells
were required in the eVector phase of the immune response
for antitumour protection. In addition, T cells from surviv-
ing-immunized animals recognized the MHC class I high
B16 melanoma cells and DC pulsed with melanoma extract
and secreted IFN�.

Altogether, these Wndings demonstrate the direct
involvement of the cellular immune response in the anti-
tumour protection induced by a ganglioside-based vaccine.

Materials and methods

Mice and cell lines

Female C57BL/6 aged 7–8 weeks were obtained from
CENPALAB (Havana, Cuba) and kept with water and food
ad libitum in the animal house facility at the Center of
Molecular Immunology (CIM, Havana, Cuba). Every han-
dling and experiments were performed in accordance with
institutional guidelines. B16 melanoma cell subline F10
(high metastatic capacity) and metastatic clone of Lewis
lung carcinoma cell line (3LL-D122), both syngeneic for
the C57BL/6 strain were cultured in RPMI-1640 containing
2 mM glutamine (Gibco BRL, Grand Island, NY) and sup-
plemented with 10% heat-inactivated fetal calf serum
(FCS). An antibiotic mixture containing penicillin and
streptomycin (Wnal concentrations 100 IU/ml and 100 �g/
ml, respectively) was added to the culture medium to
prevent contamination. Hybridomas YTS191, PK136 y
YTS169 were used for producing anti-CD4, anti-NK1.1
and anti-CD8 MAbs, respectively. All cell lines were pur-
chased from ATCC collection (American Type Culture
Collection). Cell viability was assessed using trypan blue
exclusion technique.

Vaccine

The VSSP/GM3 vaccine was produced by the CIM
(Havana, Cuba). BrieXy, GM3 monosialoganglioside con-
taining the N-acetylneuraminic acid was puriWed from
canine erythrocytes and hydrophobically conjugated with
outer membrane proteins (OMP) from N. meningitidis
strain 385, as described in detail [11]. The method allowed
gangliosides and proteins to incorporate into VSSP and
conferred high solubility to the conjugate. Each VSSP/
GM3 doses contained 120 �g of ganglioside in 0.05 ml of
phosphate buVered saline (PBS), mixed with equal volume
of the immunological adjuvant Montanide ISA 51 (SEP-
PIC, France) prior to injection. Vaccines were administered
intramuscularly (i.m) in the quadriceps, and control animals
received only PBS.

Vaccination and tumour challenge

On days 0, 14, 28 and 42, groups of at least ten C57BL/6
mice were immunized i.m, with 120 �g of VSSP/GM3
emulsiWed with Montanide ISA 51 or PBS (control group)
in a total volume of 0.1 ml/dose. No toxicity or morbidity
was detected as a consequence of vaccine administration, as
reported previously [12]. Three weeks after the last vacci-
nation (day 63), mice were injected in the subcutis with 104

live B16 cells. Animals were monitored for tumour growth
every other day by palpation, and diameters were measured
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using a Vernier caliper. For ethical reasons, animals were
sacriWced when the tumour size reached 250 mm2 or when
the general condition of the animals was aVected. The
mouse sera used for antibody response determination were
collected on days 56, 70 and 93 after the Wrst vaccination.
Sera from control group treated with PBS and inoculated
with B16 melanoma cells were also obtained at the same
time points. The collection of sera aVected neither the antit-
umour activity of the vaccine nor the tumour growth in the
non-vaccinated group.

In vivo depletion experiments

Vaccinated and control mice were injected intraperitoneally
(i.p) with 1 mg of total proteins isolated by NH4SO4 protein
precipitation from supernatants containing anti-CD4, anti-
CD8 or anti NK1.1 MAbs obtained from rat anti-mouse
hybridomas YTS191, YTS169 and PK136, respectively.

The anti-CD8 and anti-NK Abs were injected (0.2 ml)
the day before tumour challenge, followed by two i.p injec-
tions on day 7 and 14 after tumour inoculation. Depletion
of CD4+ T cells during the priming phase of the immune
response was conducted by i.p administration of anti-CD4
depleting antibody (0.2 ml), beginning on the day 3 before
the Wrst immunization and was maintained during the
immunization period administering the MAb every 3 days.
Optimal conditions for depletion of the target population
were determined in a pilot experiment by FACS analysis of
spleen, blood and lymph nodes 3 and 6 days after the treat-
ment using FITC-conjugated anti-CD4 (RM4-5), PE-conju-
gated anti-CD8 (53-6.7) and PE-conjugated anti-NK1.1
(PK136) (BD Pharmingen, San Diego, CA). In all cases,
subset depletion higher than 95% was maintained 3 days
with 1 mg/dose of protein solution.

Flow cytometry

Cells were stained with appropriate MAbs in PBS contain-
ing 2% FCS and 0.01% sodium azide as previously
described [14], and analyzed using FACS Xow cytometer
and CellQuest software package (Becton Dickinson, USA).
Necrotic cells and cellular debris were identiWed by for-
ward scatter (FSC/SSC) proWles and propidium iodide (PI)
(Sigma-Aldrich, St Louis, MO) staining, and excluded from
the analysis.

Enzyme-linked immunosorbent assay (ELISA)

For anti-GM3 antibodies detection, PolySorp 96-well plates
(Nunc, Denmark) were coated with 0.16 nmol/well of gan-
glioside dissolved in methanol and dried at 37°C for 1.5 h.
To reduce background, plates were washed with PBS con-
taining Tween 20 (0.05%, v/v) plus 0.2 M extra of NaCl

and then blocked with 1% bovine serum albumin in PBS.
Serum samples, biotinylated goat anti-IgM or anti-IgG anti-
bodies and streptavidin-conjugated alkaline phosphatase
(Jackson Immunoresearch Laboratories Inc., USA) were
diluted in blocking buVer and sequentially incubated on the
plates for 2 h at room temperature with extensive washing
between each incubation. The enzymatic reaction was
visualized with p-nitrophenyl phosphate (PNPP) (Sigma, St
Louis, MO), 1 mg/ml, dissolved in 1 M diethanolamine
buVer, pH 9.6, plus 1 mM MgCl2 and absorbency was mea-
sured at 405 nm with an ELISA plate reader (Organon
Teknika, Salzbury, Austria). To eliminate the eVect of non-
speciWc recognition, sera were also tested on wells to which
no ganglioside had been added. The absorbance at each
serum dilution obtained on these wells was subtracted from
that of the ganglioside-coated wells. The titer was deWned
as the highest dilution yielding a corrected absorbance of
0.18 or greater.

Complement-mediated cytotoxicity assay (CMC)

CMC assay were performed by PI staining. B16 melanoma
cells were incubated 4 h with the sera from pre- and post-
immunization (day 70) at 37°C in a humidiWed CO2 incuba-
tor. Both the complement and serum were used at a Wnal
dilution of 1:10 diluted in PBS containing heat-inactivated
FCS 1%. After the sera incubation, the cells were washed
and a solution of PBS FCS 1% containing propidium iodide
at 100 �g/ml was added. The percent of post treatment lysis
was calculated as the percent of death cells (positively
stained with PI) on day 0 subtracted from the percent of
death cells on day 70.

Generation of bone marrow-derived dendritic cells 
(bmDCs)

As previously described [15], bone marrow cells were har-
vested from femurs and tibias of normal C57BL/6 mice and
washed with PBS. BrieXy, cells were resuspended in
RPMI-1640 supplemented with 10% FCS, 2 mM L-gluta-
mine, 100 U/ml penicillin, 100 �g/ml streptomycin, 20 �g/
ml gentamicin, 50 �M 2-ME (Sigma-Aldrich) and 10 ng/ml
recombinant murine GM-CSF (R&D Systems, Abingdon,
Oxon) and cultured in six-well plates (Costar, NY, USA).
On day 3, the cells were fed with fresh medium. After
6 days of culture, non-adherent and loosely adherent cells
were harvested, washed, and used for in vitro experiments.
For bmDCs characterization we used FITC-conjugated
CD40 (3/23), H-2Kb (AF6-88.5), CD80 (16-10A1), CD86
(GL1) and PE-conjugated CD11c (HL3), I-A/I-E (M5/
114.15.2) (all were purchased from PharMingen). Cultures
typically contained >90% cells expressing CD11c and MHC
class II on the surface, as determined by Xow cytometry.
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In vitro treatment of B16 melanoma and 3LL-D122 lung 
carcinoma cells with IFN�

B16 or 3LL-D122 cells (5 £ 105) were treated overnight
with 1,000 U/ml of culture supernatant-containing IFN�
kindly provided by Vaccine Department from CIM
(Havana, Cuba). The eVect of this cytokine on B16 and
3LL-D122 cells was measured by the expression of MHC
class I molecule using FITC-conjugated anti-H-2Kb using
Xow cytometry. Matching isotype Ab was used as control.
Both were purchased from PharMingen

IFN� production by T cells

Eight weeks after challenge with B16 melanoma cells, T
cells were isolated from spleen of surviving-vaccinated or
tumour-free untreated C57BL/6 mice using anti-CD90
MACS microbeads (Miltenyi Biotech GmBH, Germany).
PuriWed T cells were subsequently cocultured in 96-well,
Xat-bottom microtiter plates (Costar, NY, USA) at
2 £ 105 cells/well in RPMI-1640 medium containing 10%
heat-inactivated FCS in the presence of the following stim-
ulus: irradiated (30 Gy) B16 or 3LL-D122 tumour cell lines
pretreated or not with IFN�, bmDCs alone, bmDCs that had
been pretreated with GM3 ganglioside (10 �g/ml) or with
1:5 dilution of B16 cell extract. To obtain melanoma
extract, 107 tumour cells were lysed by six cycles of freez-
ing and thawing followed by sonication and centrifugation.
Culture supernatants were collected after 96 h of culture to
measure production of IFN� by using a commercial ELISA
kit (BD Pharmingen, San Diego, CA) according to the man-
ufacturer’s instructions.

Statistical analysis

Statistical analysis was conducted using the computer
program SPSS for Windows (Chicago, IL). The Mann–
Whitney U method was used as a non-parametric test for
pair-wise comparisons. Correlation between anti-GM3 anti-
bodies isotype and rejection of B16 tumours was performed
by Spearman correlation. Statistical analysis on survival
data was performed by the Kaplan–Meier method and
diVerences were assessed using Log-rank test. Findings
were considered signiWcant if p < 0.05.

Results

Vaccine induced anti-GM3 IgG but not IgM antibodies 
are present in sera of mice protected against B16 challenge

The role in melanoma protection of the anti-ganglioside
antibody response, detected in vaccinated mice, was

addressed by injecting C57BL/6 mice with four doses of
VSSP/GM3 + Montanide ISA 51. The mice were chal-
lenged with 104 B16 melanoma cells on day 63. Sera were
collected four times until day 93 and the anti-GM3 IgG and
IgM titers were measured by ELISA. The frequency of
vaccinated mice with serum IgM and IgG antibodies was
higher in the group rejecting the melanoma challenge if com-
pared with the unprotected individuals (Table 1). Addition-
ally, a comparison of median anti-GM3 IgM and IgG titers at
each time point between protected and unprotected animals
is shown in Fig. 1. Before immunization, antibodies against
GM3 were absent from animal sera (data not shown). In pro-
tected mice, median IgG titers were 1:640, 1:480 and 1:240
for days 56, 70 and 93, respectively, while in unprotected
mice these values were 1:120, 0 and 0 for the same time
points (p < 0.05, Mann Whitney test) (Fig. 1b). Interestingly,
in protected mice, speciWc IgG antibodies persisted, in
almost all animals, at least 50 days after the last vaccination.
In contrary, median IgM titers were similar in both groups of
mice (Fig. 1a). Noteworthy, a signiWcant direct correlation
between anti-GM3 IgG antibody response and the capacity
to reject the tumour was observed for each post immuniza-
tion time points (p < 0.05, Spearman correlation).

Finally, to test whether just the implantation of the
B16F10 cells in the mice could induce anti-GM3 antibod-
ies, sera from non-immunized tumour-bearing mice were
checked by ELISA. All tested sera were negative for the
presence of these antibodies.

Sera from surviving-immunized mice induce 
complement-mediated cytotoxicity (CMC) 
on tumour cells

Sera from day 0 and day 70 of seven protected and Wve
unprotected vaccinated mice were employed for CMC
assessment. B16 melanoma cells were used as targets
(Fig. 2). In Wve out of seven vaccinated mice rejecting the
melanoma challenge, the post vaccination sera showed an
increase over 10% in CMC, compared with pretreatment
sera. By contrast, only one of the Wve unprotected mice
showed a 12% increase. The diVerences in CMC between
both groups of mice were statistically signiWcant (p < 0.05,
Mann Whitney test). The higher lytic potential of sera in
the protected group of mice (25, 27 and 28%) corresponded
to the higher IgG titers (1:1,280, 1:1,280 and 1:5,120).

CD8+ T cells, but not NK1.1+ cells, are required 
for the anti-B16 melanoma protective eVect 
of VSSP/GM3 + Montanide ISA 51

We studied the role of NK1.1+ cells and CD8+ T cells in the
rejection of melanoma, observed in mice immunized with
VSSP/GM3 + Montanide ISA 51 and challenged with
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B16F10 tumour cells (see “Materials and methods”). Inde-
pendent group of C57BL/6 mice received the same vacci-
nation schedule but additionally, depleting amounts of anti-
CD8+ or anti-NK1.1+ Abs were administered a day before
and 1 and 2 weeks after melanoma inoculation. Depletion
of CD8+ T cells completely abrogated the protection from
tumour challenge compared with non-depleted vaccinated
mice (Fig. 3a). In contrast, administering the anti-NK1.1+

Ab to mice did not aVect the anti-tumour activity of the
vaccine (Fig. 3b). These results suggest that the anti-mela-
noma protective eVect of this vaccine is strongly mediated
by CD8+ T eVector cells while is independent of either NK
or NKT cells.

The absence of CD4+ T cells during vaccination 
does not aVect the anti-tumour activity of the vaccine

To evaluate whether CD4+ T cell population could be
important during the priming of the immune response,
C57BL/6 mice were depleted of CD4+ T cells during the
immunization period (see “Materials and methods”). The
animals were challenged with B16F10 tumour cells,
63 days after the initiation of the vaccination schedule. As
shown in Fig. 4, CD4+ T cells depletion did not aVect the
eYcacy of the vaccine in preventing B16 implantation. This
result suggests that priming and boosting of the anti-tumour
protective eVect of the VSSP/GM3 vaccine can be con-
ducted in the absence of CD4+ T cells.

Previously exposed bmDCs to B16 lysates stimulate T cells 
from protected animals to secrete IFN�

Splenic T cells were obtained from mice remaining free of
tumours 8 weeks after the B16 challenge or from normal
mice by magnetic beads selection. These cells were further
stimulated in vitro during 96 h with bmDCs that had been
previously incubated with B16 lysates, GM3 or medium
alone. The IFN� concentration in the supernatant was
assessed by ELISA. T cells derived from surviving-immu-
nized mice, stimulated by bmDCs presenting antigens from
melanoma cells, secreted seven times more IFN� than the
corresponding cells from normal mice (p < 0.05, Mann–

Whitney test) (Fig. 5). On the contrary T cells incubated
with GM3-pulsed bmDCs or bmDCs alone did not release
IFN�. Our data suggest that most probably IFN�-secreting
T cells, elicited by vaccination in mice surviving tumour
challenge, are directed to melanoma antigens other than
GM3 ganglioside.

CD8+ T cells from surviving-immunized animals secrete 
IFN� following stimulation with MHC class I high B16 
melanoma cells

Poorly-immunogenic murine B16 melanoma cells express
low levels of MHC class I molecules and this expression is
modulated by type 1 interferons [16]. Addition of IFN� to
B16F10 and syngeneic 3LL-D122 Lewis lung carcinoma
cells increased the amount of MHC I molecules in both cel-
lular membranes, as conWrmed by Xow cytometry (Fig. 6a).

Eight weeks after tumour challenge, puriWed spleen T
cells from surviving-vaccinated or from untreated mice,
were stimulated in vitro during 96 h with irradiated B16 or
3LL-D122 cells, previously treated with IFN� or with cul-
ture medium. The production of IFN� in supernatants was
quantiWed by ELISA. T cells derived from vaccinated mice
rejecting B16 tumour challenge were able to secrete signiW-
cant amounts of IFN� only if they were co-cultured with
MHC class I high B16 melanoma cells (p < 0.05, Mann
Whitney test). When the stimulus came from 3LL-D122
cells (also pre-treated with IFN�) IFN� was almost absent
from the supernatants (Fig. 6b). T cells did not release IFN�
in the presence of MHC I low counterparts cell lines (data
not shown). These results indicate how the vaccination pro-
cess induced, in protected mice, eVectors CD8+ T cells spe-
ciWc for melanoma antigens.

Discussion

The incidence of malignant melanoma is rising faster than
any other malignancy. A large number of patients go on to
develop metastatic disease, in which therapeutic options are
very limited [17]. The therapeutic vaccine eVort that has
accumulated the largest amount of clinical results has been

Table 1 Presence of anti-GM3 IgG and IgM antibodies in mice vaccinated with VSSP/GM3 + Montanide ISA 51 and challenged with B16F10
melanoma

Frequency of responders expressed as percent (positive/total animals)
a Responders (with anti-GM3 antibodies) are mice with titers ¸1:80

Frequency of respondersa (IgM) Frequency of responders (IgG)

Day 56 Day 70 Day 93 Day 56 Day 70 Day 93

Protected mice (n = 18) 9 (50%) 7 (39%) 5 (28%) 18 (100%) 18 (100%) 17 (94%)

Unprotected mice (n = 8) 2 (25%) 2 (25%) 1 (12%) 6 (75%) 3 (37%) 3 (37%)
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the development of vaccines for melanoma patients. Unfor-
tunately, a lack of beneWt has been seen in most of the
clinical studies [18]. One of the reasons for this poor
eVectiveness is that the antitumour vaccination trials have
included patients in late stages of the disease in which the
development of tumour-induced immunosuppression sig-
niWcantly interferes with immunization. It is likely that
active immunotherapy could operate more eYciently early
during tumour progression or could prevent the disease in

patients at a high risk of having malignant lesions. In the
case of melanoma, a complex interaction of genetics, host
and environmental factors contribute to the development of
the disease [4].

In previous studies, we have shown that prophylactic
administration of the VSSP/GM3 vaccine, produced a sig-
niWcant long-lasting tumour protection in mice challenged
with B16 melanoma cells [13]. Recently, we have pub-
lished the induction of a potent anti-tumour eVect of this
vaccine administered in a minimal residual disease B16
melanoma model [19]. The precise mechanism by which
VSSP/GM3 vaccine conferred tumour protection was
unknown.

Here, we reported the cellular and humoral requirements
for the antitumour activity of VSSP/GM3 vaccine in the
prophylactic B16 melanoma model. It was published that
this vaccine consistently induced high titers of IgM- and
IgG-speciWc anti-GM3 antibodies [13, 20]. However, the
persistence of this antibody response after the tumour chal-
lenge and its correlation with the capacity to reject the
tumour was not studied. In the present work, we found that
the titers of IgG antibodies speciWc to GM3 and the fre-
quency of responder animals were higher in the group of
surviving-vaccinated animals as compared to the vacci-
nated animals developing tumours. Additionally, the anti-
GM3 IgG antibody response correlated with the capacity of
immunized animals to reject B16 melanoma challenge. In
line with these Wndings, our clinical results suggest a posi-
tive correlation between antiganglioside IgG antibodies
titers and prolonged survival of advanced breast cancer
patients immunized with a ganglioside-based vaccine
(manuscript in preparation). In contrast, previous papers
have shown an association between vaccine-induced anti-
GM3 IgM antibodies and tumour protection when C57BL/6
mice were immunized with a melanoma cell-based vaccine
[21]. These results have been also found in clinical studies,
in which a positive correlation between elevated antigan-
glioside IgM antibody titers and improved survival for mel-
anoma and soft tissue sarcoma patients has been reported
[10, 22, 23]. It has been speculated that anti-ganglioside
IgM antibodies are eVective against tumours because the
capacity of these immunoglobulins to neutralize and clear
immunosuppressive gangliosides, eliminating tumour cells
by CMC [24].

Regarding the functional properties of the anti-GM3 IgG
antibodies induced by the VSSP/GM3 vaccine, we previ-
ously reported their capacity to evoke complement medi-
ated cytotoxicity against B16F10 cells in BALB/c mice
using heterologous complement. In the present work, we
found that anti-GM3 antibodies that persisted after tumour
challenge in surviving-vaccinated mice, were able to induce
CMC. In this case, autologous complement was used. How-
ever, this result should be conWrmed in further experiments

Fig. 1 High anti-GM3 IgG antibody titers in immunized mice corre-
lated with the rejection of B16 melanoma tumours. C57BL/6 mice
were immunized with VSSP/GM3 + Montanide ISA 51 on days 0, 14,
28, 42 and challenged with 104 B16 cells on day 63. Anti-GM3 anti-
body titers were individually determined in sera by ELISA on days 0,
56, 70 and 93. Each dot represents an individual mouse and the hori-
zontal lines the median titers for each day. a DiVerences in IgM median
antibody titers between both groups of immunized mice, at diVerent
time points, did not reach statistical signiWcance (p > 0.05, Mann–
Whitney test); b IgG median antibody titers were higher in protected
mice if compared with unprotected ones at each analyzed day
(p < 0.05, Mann–Whitney test). Spearman method was used for statis-
tical correlations. This result is representative of two independent
experiments
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with larger amount of mice, the CMC activity by IgG anti-
bodies may play an important role in melanoma eradica-
tion.

Glycolipids are generally categorized as T lymphocyte
independent because they are not presented by classical
presentation molecules [6]. In the last years, this category
became controversial due to the Wnding of CD1-restricted
human T cells speciWc for GM1 ganglioside in healthy
donors and multiple sclerosis patients [7]. These activated
lymphocytes were able to secrete cytokines such as IFN�
and TNF�. Additionally, GD3 ganglioside can be presented
by CD1d to mouse NKT cells [25]. Despite these Wndings,
no ganglioside-speciWc T cell induction by a ganglioside-
based vaccine has been described so far. There were some
evidences of T cell involvement in VSSP/GM3 immunized
mice that elicited antibodies of IgG2b subclass [11, 13] but
this Wnding needed to be directly conWrmed. We reported
here, for the Wrst time, the cellular requirements for the
induction of tumour protection in animals immunized with
this type of vaccine. In our in vivo depletion experiments,
we found that CD8+ T cells, but not NK1.1+ cells were
essential for tumour protection. These activated CD8+ T
lymphocytes are generated in vaccinated mice after the

inoculation of the tumour and seem to be speciWc for other
melanoma antigens diVerent from gangliosides, as it was
suggested by in vitro T cells assays. In those experiments, T
cells from surviving-immunized mice were primed to pro-
duce IFN� after co-culture with DCs loaded with B16
tumour extract but not GM3-pulsed DC. Moreover, these T
cells secreted IFN� when were stimulated speciWcally with
MHC I upregulated B16 cells after treatment with IFN�. It
is known that B16 melanoma is a tumour with well-estab-
lished mechanisms of tolerance induction and immune
escape. One of these mechanism is the downregulation of
class I MHC molecules and antigen processing machinery
[26, 27]. Moreover, it has been extensively shown that
IFN� is required in vaccine-induced antitumour immunity,
speciWcally it is eVective against B16 melanoma cells [28,
29]. Considering these Wndings, we can hypothesize that
the vaccine could induce cytokine release such as interfer-
ons able to upregulate the MHC I expression on tumour
cells, which could be then eliminated by CTL speciWc for
melanoma antigens. By contrasting, upregulation of MHC I
expression prevents recognition of tumour cells by NK
cells which, in our data set, were not necessary in the eVec-
tor phase of the antitumour response of the vaccine.

Fig. 2 CMC eVect is induced 
by sera from surviving-immu-
nized animals. C57BL/6 mice 
were immunized with emulsiWed 
VSSP/GM3 on days 0, 14, 28, 42 
and challenged with 104 B16 
cells on day 63. Sera from pro-
tected (n = 7, group 1) and 
unprotected mice (n = 5, group 
2) were incubated with B16 cells 
in the presence of autologous 
complement. a Increased cyto-
toxic capacity versus B16 target 
cells of day 70 serum from a rep-
resentative mouse from group 1, 
as compared with the day 0 sam-
ple. The determination consisted 
in a PI cell viability test evalu-
ated by Xow cytometry. b Sig-
niWcant increase of cytolysis 
(calculated as: postvaccination 
serum lysis ¡ prevaccination 
serum lysis) was detected in 
protected vaccinated mice 
compared with unprotected 
counterparts (p < 0.05, Mann–
Whitney test). Each bar 
represents an individual animal. 
Results are representative of two 
independent experiments
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CD4+ T cells are thought to have a broader role in pro-
viding help to CTL and B cells, as well as a direct role in
tumour rejection [30, 31]. An important role of CD4+ T
cells has been reported in previous studies using vaccina-
tion with DCs loaded with peptides eluted from whole
tumour cells [32] or with irradiated, whole tumour vaccines
[33]. In the case of B16 tumours protection, a clear involve-
ment of CD4+ T cells has been demonstrated in a prophy-
lactic setting, when a DC loaded with melanoma cells has
been used as vaccine [34, 35]. In contrast, in our in vivo
depletion experiments the elimination of CD4+ T helper
cells during the induction phase of the immune response
abrogated neither the antitumour activity against B16 mela-
noma nor the induction of anti-GM3 IgG antibodies. How-
ever, the mechanism by which antibodies are generated in
the absence of CD4+ help is not clear, it might be that other
cells such as NK or NKT could function as helpers. NK
cells fulWll essential accessory function for the priming of
Ag-speciWc CTL [36] and for the activation of B cells to
produce IgG [37, 38]. On the other hand, it was published
that NKT cells cooperate with B cells to induce a speciWc
antibody responses in mice immunized with a protein sub-
unit vaccine [39]. The role of NK or NKT cells during the
induction phase of immune response with our vaccine
remains to be elucidated in further depletion experiments.

Experiments in BALB/c mice that are transgenic for
activated rat Erbb2 have demonstrated that eVective protec-
tion requires not only CTL response but also antibody
response. In addition, adoptive-transfer experiments show
that better protection is transferred when the recipient mice
receive both antibodies and T cells from the immunized

Fig. 3 CD8+ T cells but not NK1.1+ cells are required in the eVector
phase of the anti-tumour immune response induced by vaccination.
C57BL/6 (ten/group) were vaccinated on days 0, 14, 28 and 42 with
VSSP/GM3 + Montanide or PBS and challenged with 104 B16 cells on
day 63. Two groups of mice were injected i.p with supernatants con-
taining depleting amounts of anti-CD8 or anti NK1.1 Abs on days 62,
70 and 77. All animals were inspected every other day and scored as
positive when tumours became palpable. a Immunized mice lacking
eVectors CD8+ T cells were unprotected from tumour challenge if com-
pared with their competent littermates (p > 0.05, Log-rank test). b NK
cells depleted-immunized animals were signiWcantly protected com-
pared with PBS control mice (p < 0.05, Log-rank test). These results
are representative of two and three independent experiments for
NK1.1+ and CD8+ T cells depletion, respectively
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Fig. 4 CD4+ T cells are not required to induce a vaccine mediated
anti-tumour immune response. Mice (ten/group) were vaccinated on
days 0, 14, 28 and 42 with VSSP/GM3 + Montanide ISA 51 or PBS.
Independent groups of vaccinated mice received i.p supernatant con-
taining anti-CD4 depleting Ab every 3 days, during the immunization
period. Mice were further challenged with 104 B16 cells on day 63 and
monitored every other day for scoring when the tumours became pal-
pable. Vaccinated animals were signiWcantly protected, in comparison
to control mice, independently of the presence or not of CD4+ T cells
(p < 0.05, Log-rank test). This result is representative of three indepen-
dent experiments
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Fig. 5 T lymphocytes from protected mice secrete IFN� after stimula-
tion with bmDCs incubated with B16 lysates. T cells derived from
spleens taken from surviving mice 8 weeks after B16 inoculation or
from normal mice were puriWed using MACS beads. These cells were
further stimulated with bmDCs previously incubated with: B16 cell ly-
sates, GM3 ganglioside or empty bmDCs, as described in “Materials
and methods”. After 96 h culture, supernatants were harvested and
IFN� release was measured by ELISA. No IFN� was produced by T
cells from normal mice. The mean § SD of IFN� determinations from
Wve mice in the vaccinated tumour-free animals and three mice in the
reference group are shown. Statistical analysis was performed using
the Mann–Whitney test (p < 0.05). One representative experiment of
three is shown
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donor mice [40, 41]. This Wnding indicates that eVective
vaccines should be designed to elicit both humoral and cel-
lular immunity which, in the case of preventive vaccine,
should persist for very long periods. In our vaccine, the pro-
tection against B16 melanoma depends on humoral and cel-
lular response. Our results suggested that the mechanism of
protective immunity associated to the vaccine could start
with the induction of T-independent anti-GM3 antibodies.
Once tumour cells are inoculated, speciWc IgG kill tumour
cells by complement-mediated mechanism. Tumour debris
creates an inXammatory environment where new tumour
antigens are taken up by resident and peripheral APC, par-
ticularly DCs. These cells could have been additionally
activated by “danger signals” present in the vaccine, since

VSSP has been reported to strongly provoke DC maturation
[42]. In the following step of the eVector phase, CD4+ T
cells may be crucial for the induction of the antitumour
immunity. In this sense, properly activated DCs are able to
present tumour antigens to CD4+ T cells, which can
function as helper for CTL response. IFN�-secreting CD8+

cytotoxic lymphocytes, speciWc for melanoma antigens,
could eYciently destroy tumour cells, leading to tumour
rejection.

Based of these Wndings, is feasible propose the VSSP/
GM3 vaccine as a therapy designed to elicit antitumour
immunity in subjects with premalignant lesions or in
healthy individuals with high genetic risk to develop malig-
nant melanoma.
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