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ABSTRACT

Malignant melanoma is a tumor with a steeply increasing incidence and scarce therapeutic options once metastatic.
Currently, no vaccine is widely commercially available for melanoma treatment or prevention. The overexpression
of GM3 ganglioside in murine and human melanomas and its important role in tumor progression makes this self
antigen a potential target for preventive immunotherapy of this neoplasm. Previously, we have shown that preven-
tive vaccination with GM3/VSSP induced a specific antitumor response; and elicited the rejection of syngeneic GM3-
positive melanoma cells in immunized mice. In the present paper, we published the induction of a potent anti-
tumor effect of this vaccine administered in a minimal residual disease B16 melanoma model. These findings
propose the GM3/VSSP vaccine as a therapy designed to elicit and/or boost antitumor immunity in patients with
minimal residual disease after surgery; thereby preventing or prolonging the time to recurrence. This is an impor-
tant issue of the clinical setting because patients with stage Il melanoma were reported to have 60% chance of
survival 5 years after surgery. In addition, we examined the mechanisms by which this immunogen confers tumor
protection. Surprisingly, in spite of the glycolipidic nature of this antigen, we have found that induction of anti-GM3
IgG antibodies and tumor- specific IFN y secreting CD8+ T cells correlated with tumor protection. As a result, these
findings demonstrate, for the first time, the direct involvement of the cellular immune response in the anti-tumor
protection induced by a ganglioside-based vaccine.

Introduction

The incidence of malignant melanoma is rising faster
than any other malignancy. A large number of patients
once develop metastatic disease, lack of an effective
therapeutic option [1]. In the therapeutic cancer vac-
cines field, the largest accumulated clinical experience,
so far, has been in advanced stage melanoma, though
with rather modest outcomes in most of the clinical
studies [2]. One of the reasons for this poor effective-
ness is that the antitumor vaccination trials have in-
cluded patients in late stages of the disease in which
the development of tumor-induced immunosuppres-
sion significantly interferes with immunization. It is
likely that active immunotherapy could operate more
efficiently early during tumor progression or could
prevent the disease in patients at a high risk of having
malignant lesions. For these reasons, the therapeutic
success of a GM3-based vaccine in patients with early-
stage melanoma remains an interesting and open ques-
tion, but more preclinical evidence in a relevant animal
model is needed.

Gangliosides are a family of sialic acid-containing
glycosphingolipids frequently over expressed in the
external membrane of cancer cells, not only of neuro-
ectodermal origin. Ganglioside vaccines have been cli-
nically tested in different types of advanced cancers,
mainly melanomas [3], based on the observation that
altered expression of these glycolipids in melanoma
cells correlated with their metastatic potential. Addi-
tionally, GM3 and GD3, the major gangliosides in
melanomas, are shed into the tumor microenviron-
ment which can promote severe immune dysfunc-
tions [4, 5]. It has been claimed that the induction of
anti-GM3 antibodies circumvents this specific im-
munosuppression [5,6]. The role of antibodies in the
anti-tumor effect of ganglioside vaccines has been
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considered to be predominant, if not exclusive [7].
However, the involvement of T cells in the antitumor
protection induced by ganglioside-based vaccines has
not been described yet. This is an important issue,
since if a robust cellular immune response could be
elicited, then immunological memory could be long
lasting, eradicating tumor before it becomes clinically
obvious.

In the present work, we described the induction of
a potent anti-tumor effect of the GM3/VSSP vaccine
in combination with surgical excision of the primary
tumor burden. In addition, we examined the mecha-
nisms by which this immunogen confers tumor pro-
tection.

Results and discussion

In order to find new effective therapies against mela-
noma, a novel vaccine was tested in the B16 mouse me-
lanoma model. This vaccine is composed of very small
sized proteoliposomes (VSSP) resulting from the hy-
drophobic incorporation with GM3/VSSP ganglioside
into Neisseria meningitidis natural outer membrane
vesicles [8]. We have previously shown experimental
data indicating that preventive immunization of mice
with the GM3/VSSP vaccine elicited the rejection of
B16 melanoma tumors [6]. However, the capacity of
this vaccine to generate long lasting protection has not
been studied. The duration of antitumor protection
after pre-immunization with four biweekly i.m. doses
of 120 pg GM3/VSSP by injecting a low tumor burden
of 2.5 x 10° B16F0 cells subcutaneously (S.C.) was
investigated. In different sets of experiments, at least
80% of control animals developed s.c. tumors and died
46.5 + 5.7 days (mean + SE) after challenge. Complete
antitumor protection was obtained from 21 to 35 days
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after the administration of the last dose of the vaccine.
A significant antitumor protection was still maintained
91 days after tumor inoculation.

The precise mechanisms by which this vaccine con-
fers tumor protection were unknown. Here we repor-
ted the cellular and humoral requirements for the anti-
tumor activity of VSSP/GM3 vaccine in the prophylactic
B16 melanoma model. The role in melanoma protec-
tion of the anti-ganglioside antibody response, detec-
ted in vaccinated mice, was addressed by injecting
C57BL/6 mice with four doses of VSSP/GM3 + Mon-
tanide ISA 51. Mice were challenged with 10* B16 me-
lanoma cells on day 63. Sera were collected four times
until day 93 and the anti-GM3 IgG and IgM titers
were measured by ELISA. Before immunization, an-
tibodies against GM3 were absent from animal sera.
Curiously, in protected mice, median anti-ganglioside
IgG titers were 1:640, 1:480 and 1:240 in days 56, 70
and 93, respectively, while in unprotected mice the-
se values were 1:120, 0 and 0 at the same time points
(p <0.05, Mann Whitney test) (Figure 1). Interestin-
gly, in protected mice, specific IgG serum antibodies
persisted, in almost all animals, at least 50 days after
the last vaccination while median IgM titers remai-
ned similar irrespective of the vaccine outcome. Note-
worthy, a significant direct correlation between the
magnitude of the vaccine induced anti-GM3 IgG an-
tibody response and the tumor rejection capacity was
observed in each post-immunization time point (p <
0.05, Spearman correlation).

In line with these findings, our clinical results sug-
gest a positive 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 studies have shown an association between
vaccine-induced anti-GM3 IgM antibodies and tumor
protection when C57BL/6 mice were immunized with
amelanoma cell-based vaccine [9]. These results have
been also found in clinical studies, in which a positive
correlation between elevated antiganglioside IgM an-
tibody titers and improved survival for melanoma and
soft tissue sarcoma patients has been reported. It has
been speculated that anti-ganglioside IgM antibodies
are effective against tumors because the capacity of
these immunoglobulins to neutralize and clear immu-
nosuppressive gangliosides, eliminating tumor cells
by complement mediated cytotoxicity (CMC) [10].
Regarding the functional properties of the anti-GM3
IgG antibodies induced by the VSSP/GM3 vaccine,
we previously reported their capacity to evoke CMC
against BI6F10 cells in BALB/c mice using heterolo-
gous complement [6]. In the present work, we found
that anti-GM3 antibodies that persisted after tumor
challenge in surviving-vaccinated mice were able to
induce CMC. In this case, autologous complement
was used. However, this result should be confirmed
in further experiments with larger amount of mice, the
CMC activity by IgG antibodies may play an impor-
tant role in melanoma eradication.

Despite the crucial role of cellular immune response
in tumor protection, the involvement of T cells in
anti-tumor immunity of ganglioside vaccines was not
described before. This is an important issue, since if a
robust cellular immune response could be elicited, the
immunological memory could be long lasting, eradi-
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Figure 1. High anti-GM3 IgG antibody titers inimmunized mice correlated with the rejection of B16 melanoma tumors. 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
antibody titers were individually determined in sera by ELISA on days 0, 56, 70 and 93. Each dot represents an individual mouse and
the horizontal lines the median titers for each day. 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 statistical correlations. This

result is representative of two independent experiments.
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Figure 2. CD8+ T cells secreting IFN y were required on the effector phase of the anti-tumor immune response induced by vaccination. A) C57BL/6 (ten/group) were
vaccinated on days 0, 14, 28 and 42 with VSSP/GM3 + Montanide or PBS and challenged with 10 B16 cells on day 63. Two groups of mice were injected i.p with supernatants
containing depleting amounts of anti-CD8 Ab on days 62, 70 and 77. All animals were inspected every other day and scored as positive when tumors became palpable.
Immunized mice lacking effectors CD8+ T cells were unprotected from tumor challenge if compared with their competent littermates. B) T cells from protected mice secrete
IFN vy after stimulation with MHC class | high B16 melanoma cells. Spleen T cells from vaccinated mice surviving at least 8 weeks after B16 inoculation or from normal mice
were purified using MACS beads. Lymphocytes were further stimulated with irradiated B16 melanoma cells or syngeneic 3LLD122 Lewis lung carcinoma cells, treated with
IFNo.. Enhancement of MHC class | molecule expression was monitored by flow cytometry with a FITC-conjugated anti-MHC | (H-2Kb) antibody. Mean + SD of IFN y
determinations in samples from five mice in the vaccinated tumor-free group and three mice in the reference group are shown. Spleen T cells, obtained from untreated mice,
were unable to secrete IFN yindependently of the provided stimuli. Statistical analysis was performed using the Mann-Whitney test (p < 0.05). In both cases, one

representative experiment is shown.

cating tumor before it becomes clinically obvious. In
our in vivo depletion experiments, we found that CD8+
T cells were essential for tumor protection (Figure
2A). Immunized mice lacking effectors CD8+ T cells
were unprotected from tumor challenge if compared
with their competent littermates (p > 0.05, Log-rank
test). Moreover, T cells from surviving-immunized
mice were able to secrete significant amounts of IFNy
only if they were co-cultured with MHC class | high
B16 melanoma cells (p < 0.05, Mann Whitney test).
When the stimulus came from 3LL-D122 cells (also
pre-treated with IFN o) IFNy was almost absent from
the supernatants (Figure 2B). T cells did not release
IFNYy in the presence of MHC | low counterparts cell
lines (data not shown). It is known that B16 mela-
noma is a tumor with well-established mechanisms of
tolerance induction and immune escape. One of these
mechanism is the down regulation of class | MHC mo-
lecules and antigen processing machinery [11]. Mo-
reover, it has been extensively shown that IFNy is
required in vaccine-induced antitumor immunity; it is
specifically effective against B16 melanoma cells [12].
Considering these findings, we could hypothesize that
the vaccine could induce cytokine release such as in-
terferons able to up-regulate the MHC | expression
on tumor cells, which could be then eliminated by
CTL specific for melanoma antigens. By contrasting,
up-regulation of MHC | expression prevents recogni-
tion of tumor cells by NK cells which, in our data set,
were not necessary on the effect or phase of the anti-
tumor response. These results indicate how the vacci-
nation process induced, in protected mice, effectors
CD8+ T cells specific for melanoma antigens.

It is known that mice with experimental tumors,
as well as patients with cancer, show a decreased im-
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munologic potency. This tumor induced immuno-
suppression is reinforced in patients with high tumor
burdens [13]. Consequently, in the last few years,
our view of the range of applications of tumor vacci-
nes has changed because treatment of patients with
minimal residual disease or with low staging showed
better responses to vaccination. Furthermore, an open
question remains regarding whether vaccines have
sufficient benefit for exploration in adjuvant or even
in preventive conditions. The answers to these ques-
tions could be found, in part, by exploring the respon-
ses observed with the correct use of animal models.

Taking into consideration these findings, we have
explored immunization with GM3/VSSP vaccine in
combination with surgical excision of the primary tu-
mor mass. The results showed that this model could
clear the response to vaccination in combination with
resection of the highly aggressive B16F10 melanoma.
In this scenario, we observed that mice subjected to
surgery plus a perioperative vaccination protocol con-
sisting of four GM3/VSSP doses every 14 days begin-
ning before surgery have an increased survival period
compared with any other group. Furthermore, all mice
showed neither local recurrence nor visible lung me-
tastasis at the end of the experiment (Table 1). Interes-
tingly, mice under a similar perioperative immuniza-
tion with four doses of the vaccine, but administered
every 7 days, showed reduced survival, similar to ani-
mals treated with surgery alone.

Because several clinical protocols involve active
immunotherapy in cancer patients with large primary
tumors or post-surgery patients, the functional effect
of the tumor mass in the immune response would be an
important feature. In this sense, we studied the func-
tional immunologic variables following immunization
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with a ““foreign” antigen, such as ovoalbumin (OVA)
in tumor-bearing and healthy mice. The purpose of
the experiment was to examine the response to vacci-
nation with OVA before and after tumor surgery and
the possible kinetics of immune recovery after exci-
sion of the tumor mass. In immunocompetent mice,
this antigen should induce a strong and specific res-
ponse. For this purpose, OVA-specific DTH was as-
sayed by immunizing two doses of OVA in complete
Freund’s adjuvant. Compared with tumor-bearing
mice, CD4+ T-cell response in B16F10-operated mice
showed a significant recovery after surgery, measured
by ovoalbumin antigen-specific DTH (p < 0.05, Tukey
test). However, this response is largely distant from
the DTH developed in healthy, sham-operated mice
(p < 0.01, Tukey test). To analyze whether surgical
excision of primary tumor recovers CD4+ T-cell func-
tion, B16F10-operated mice were immunized at 2,
15, and 30 days after surgery with OVA emulsified in
complete Freund’s adjuvant. Seven days later, inguinal
lymph nodes were removed, cells were cultured for 4
days with OVA, and the supernatant was collected
for cytokine quantification by ELISA. Strikingly, im-
munization induced a strong IL-4 secretion in B16F10-
operated mice as compared with healthy animals (p <
0.05, Student’s t test), but values returned to normal
30 days after tumor excision. Few studies have indica-
ted that immune system functions in cancer patients
recover after surgery [14]. However, there are no pre-
cedent studies of this phenomenon for melanoma. Our
results showed that the B16F10 tumor could induce a
CDA4+ T-cell dysfunction and not rapi-dly overcome,
lasting for at least 30 days after surgical treatment. In
this scenario, four biweekly immunizations with GM3/
VSSP during the immunosuppression window induced
a strong antitumor response. This fact suggests that
our vaccine, given in a correct immunization protocol,
could be able to increase the immune responsiveness
and allow the immune system to prevent tumor recur-
rence or metastasis.

All these preclinical data strongly suggest a com-
bined therapeutic effect of tumor excision and vac-
cination with GM3/VSSP every 14 days. This is an
important issue to translate to the clinical setting be-
cause patients with stage 11 melanoma were reported
to have a 60% chance of survival five years after sur-
gery. Some patients with stage |1 melanoma are at high
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risk for recurrent disease, and occult micro metastases
cause recurrence following treatment with surgery
alone[15]. According to the results obtained with the
present preclinical model, vaccination with GM3/
VSSP could significantly increase survival after the
surgical management of primary cutaneous melanoma.

Concluding remarks

Altogether, these preclinical experiments propose the
GM3/VSSP vaccine as a therapy designed to elicit
and/or boost antitumor immunity in patients with
minimal residual disease after surgery, thereby pre-
venting or prolonging the time to recurrence. Future
clinical trials will be needed for a definitive confirma-
tion about the beneficial role of the GM3/VSSP vac-
cine in the perioperative handling of patients with
stage 1l melanoma. Regarding to the mechanism by
which GM3/VSSP confers, for the first time, it was
demonstrated the direct involvement of the cellular
immune response in the antitumor protection induced
by a ganglioside-based vaccine.
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Table 1. Survival and local recurrence in mice implanted with B16F10 melanoma tumors
and treated with surgery and perioperative GM3/VSSP vaccination

Overall survivadl at the end

*
Treatment group of the experiment (> 120 d)®

Incidence of local recurrence
and/or rapid death after surgery®

Control (no surgery) 0% (0/4)
Surgery 50% ( 5/10)
Surgery + weekly 40% (4/10)
vaccination
Surgery + biweekly 100% (5/5)

vaccination

40% (4/10)

30% (3/10)

0% (0/5)

*S.c. tumors were excised from 25 to 31 days after challenge when tu mor volumes reached ~250 mm3,
and mice were immunized with four weekly GM3/VSSP doses beginning at the day of the surgery, or with
four biweekly doses beginning when tumors became palpable from day 10 to 16.

8Survival and incide nces are expressed as a pe rcentage (positive/ total animals).
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