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Objective: The target concept means not only an aberrant expression of a
particular molecule in tumour tissues but also evidence of a clear therapeutic
advantage, as a consequence of immune-intervention, in an antigen-positive
relevant tumour model. Since we reported the presence of
NGcGM3 ganglioside in human breast tumours years ago and though
Phase | clinical trials of a ganglioside containing vaccine have been conducted,
a definitive direct validation of this peculiar molecule as target for cancer
immunotherapy has remained unperformed. Methods: Two animal models
were used: leghorn chickens and C57BL/6 mice. The murine 3LL-D122 cell line,
the derived subcutaneous tumours and metastatic lung lesions were processed
for gangliosides identification. Active immunotherapy experiments in the 3LL-
D122 spontaneous lung metastasis model were performed with NGcGM3/VSSP
vaccine prepared by conjugation of NGcGM3 with the outer membrane
proteins of Neisseria meningitides. Results: The 3LL-D122 Lewis lung carci-
noma results were consistent with an increased expression of NGcGM3 from
primary tumours to metastatic lesions, as observed in human breast cancer
samples. Both vaccines, prepared with synthetic or natural-source-derived
ganglioside, showed similar anti-tumour and immunogenicity profiles. Finally,
a clear involvement of NK1.1" cells and CD8* T cells in the anti-metastatic
effect elicited by the vaccine was manifested. Conclusions: While ‘proof of
concept’ Phase Il and lll clinical trials with the NGcGM3/VSSP vaccine in cancer
patients are currently ongoing these results reasonably sustain the validation
of this peculiar ganglioside as a novel target for cancer immunotherapy.
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1. Introduction

Since the discovery that the immune system could be manipulated to destroy
tumours in cancer patients [1] and the identification of tumour antigens, it has been
possible to direct a specific attack to tumours, involving antibodies or cytotoxic
effector cells [21. Moreover, the validation of cancer immune-surveillance hypothesis
confirmed that Antigen Presenting Cells (APC) recognize transformed cells and
induce the activation of other components of the immune system [3,4. The cancer
vaccines concept, which arose because of this knowledge, implies the achievement of
robust antigen specific immune responses in tumour-bearing hosts, causing a
significant antitumor response.

Recently a prioritized list of cancer vaccine target antigens, using well-vetted
criteria generated by expert panels was described [5]. From the selected nine basic
properties, four of them (i.e., therapeutic function, immunogenicity, specificity and
oncogenicity) accounted for 80% of the relative weight. While selectivity of immune
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effectors’ action is one of the major attractions of active specific
immunotherapy (ASI), the chosen target might be present
almost exclusively in tumour tissues. Probably the best example
of such an specific target is a B cell lymphoma idiotype [6.7].

As mentioned before another important feature in target
antigen validation is the therapeutic function. For this pur-
pose, the availability of a proper animal model, though not
always available for each type of antigen [68] is especially
helpful, bearing in mind the time-consuming process
associated with advanced stage clinical trials.

Gangliosides are another interesting type of molecules,
different from proteins, that have been identified as tumour
antigens [9]. These molecules are the most variable group of
glycosphingolipids present on the plasma membrane of mam-
malian cells [10-13]. Gangliosides have been considered attrac-
tive targets for cancer immunotherapy based on their higher
abundance in tumours when compared with the correspond-
ing normal tissues [14-17). They have an important role in
tumour progression and metastization events [18,19]. Ganglio-
sides are also powerful stimulators of in wvive tumour
growth [20] and they impair multiple events of the immune
response, operating as soluble factors in the immunosuppres-
sion induced by tumors [2123]. They are composed by a
ceramide portion, followed by at least two monosaccharide
units, linked to one or more sialic acid (SA) residues. The most
commonly found SA in most animal species is N-acetylneur-
aminic acid (NAcNeu), but also found, less commonly is
N-glycolylneuraminic acid (NGcNeu) [24.25]. The synthesis
of the NGcNeu acid is carried out by the CMP-N-acetyl-
hydroxylase enzyme, which use the NAcNeu acid as a pre-
cursor [26]. Humans have a partial depletion in the gene that
encodes this enzyme [27.28], which causes the loss of the
NGcNeu SA in normal human tissues. However expression of
N-glycolylated gangliosides has been observed in human
cancers [14,29]. Of particular relevance is the report of increased
amounts of NGcGM3 ganglioside in human breast
tumours [30,31] and melanoma [32]. NGcGM3 has also been
implicated in various immunological events. In particular, it
was recently reported that NGcGM3 ganglioside impairs
dendritic cell differentiation and maturation (33]. Additionally
de Ledn and colleagues also reported the impairment of
T helper cells by NGcGM3 ganglioside [34].

Phase I clinical trials in cancer patients with a
NGcGM3-containing vaccine have been conducted [35] and
Phase II and III clinical trials are currently ongoing, but a
definitive direct validation of NGcGM3 as target for cancer
immunotherapy has remained unperformed.

Herein we describe the immunogenicity and the ant-
metastatic effect of an experimental NGcGM3-containing
vaccine in a relevant spontaneous lung metastasis murine
model. This vaccine consisted in very small sized proteolipo-
somes (VSSP) obtained by the incorporation of NGcGM3
into the outer membrane protein (OMP) complex of Neisseria
meningitides [36]. After surgery, mouse lungs significantly
increased their weight due to the development of detectable

spontaneous metastasis [37]. A particular attraction of this
murine metastases model is related to the fact that it resembles
what is happening in most human cancers, in which recurrence
of metastatic disease occurs after removal of primary tumours
by surgery. Finally, a clear involvement of effectors cells of the
innate and acquired immune system in the anti-metastatic effect
elicited by the vaccine was also manifested.

2. Materials and methods

2.1 Animals and tumour cell lines
Two animal models were used: white leghorn chickens,
10 — 12 weeks-old, maintained at the National Centre for
Agricultural Health (CENSA; Havana, Cuba); and C57BL/6
female mice, 8 — 12 weeks-old, purchased from the Centre for
Laboratory Animal Production (CENPALAB; Havana,
Cuba). Chickens were maintained at the animal house facility
of CENSA and mice at the Centre of Molecular Immunology
(CIM; Havana, Cuba). All the animals were treated according
to the Cuban National Laboratory Animal Use Guidelines.
The murine 3LL-D122 cell line (37 of the Lewis lung
carcinoma, of C57BL/6 origin, and the P3X63 myeloma cell
line used as control for NGcGM3-positive cells [38], were
grown in DMEM-F12 (Gibco) supplemented with 10% fetal
calf serum (FCS) (Hyclone), 2 mM L-glutamine, 1 mM
sodium pyruvate, penicillin (100 U/ml) and streptomycin
(100 pg/ml; Life Technologies).

2.2 NGcGM3 ganglioside and NGcGM3/VSSP vaccine
NGcGM3 ganglioside was obtained from a natural source
(NAg) 36 or by synthesis (SAg) by the methods described by
Duclos and Sherman ez 4/. 39.40]. Purity was monitored by High
Performance Thin Layer Chromatography (HPTLC) (36].

NGcGM3/VSSP vaccine was prepared by hydrophobic
conjugation of the NGcGM3 ganglioside with the OMP
complex of N. meningitides, as described by Estevez et al. [36],
either with NAg (NAg/VSSP) or SAg (SAg/VSSP). Briefly,
NGcGM3 and OMP were dissolved in 0.1 M Tris-HCl buffer
(pH 8.5), containing sodium deoxycholate and SDS, and then
dialysed to remove detergents. This procedure allowed gangli-
oside and proteins to hydrophobically incorporate into VSSP
and conferred high solubility to the conjugate. All animals
received 200 pg of NGcGM3/VSSP per dose.

Chickens received SAg/VSSP or NAg/VSSP, intramuscu-
larly in Montanide ISA 51, on days 0 and 14. Sera were
collected on day 21 and then analysed for anti-NGcGM3 IgY
antibodies content, by an ELISA technique [36], but using
alkaline-phosphatase-conjugated goat antibodies anti-IgY
immunoglobulin (Sigma). Mice received two doses of

NGcGM3/VSSP subcutaneously (s.c.) at 14-day interval.

2.3 Spontaneous murine tumour model
Mice inoculated with 3LL-D122 clone (2 x 10°/mouse)
into the right hind footpad, were treated twice with
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NGcGM3/VSSP s.c. 7 and 21 days after tumour implanta-
tion. Tumours were measured with a caliper. Primary tumours
were surgically removed when tumour diameter reached
8 —9 mm. Mice were killed 21 days after tumour amputation
and the spontaneous lung metastases quantified by weighing
the lungs. The control group received PBS.

2.4 Analysis of tumour gangliosides

Cultured 3LL-D122 cells were growth to obtain 108 cells,
detached from the culture surface by 5-min incubation in
trypsin/EDTA (0.1% and 1mM) solution, pelleted and
processed for ganglioside extraction.

To develop subcutaneous tumours, 3LL-D122 cells (5 x
10°) were grown on flanks of mice. When tumours reached
10 — 15 mm they were removed, weighed and processed for
ganglioside extraction.

To obtain lung metastatic lesion, 3LL-D122 cells (2 x 10%)
were injected into the right hind footpad of mice, when
tumour diameter reached 8 — 9 mm, tumours were surgically
removed. At 21 days after tumour amputation metastatic
lesions were carefully dissected from metastatic lungs, weighed
and processed for ganglioside extraction.

Gangliosides from described tumour samples were homog-
enized and lipids were extracted in chloroform:methanol:
water (4:8:3). These extracts were centrifuged (1000g,
15 min) and the supernatant recovered was evaporated and
dissolved in chloroform/methanol (1:1) for overnight incuba-
tion at 4°C. After centrifugation the supernatant recovered
was evaporated and the dry samples dissolved in chloroform/
methanol/water (30:60:8) to be applied to DEAE-Sephadex
A-25 column. The acidic lipid fraction was eluted with 0.02 M
sodium acetate in methanol. Monosialo gangliosides contained
in these fractions were visualized by spraying orcinol reagentand
heatingat 100°C for 10 min, after separation on HPTLC plates.
The HPTLC images were captured with a calibrated Powerlook
III prepress colour scanner (Amersham Biosciences). The per-
centage of NGcGM3 ganglioside in the whole mono-sialio
ganglioside obtained was calculated by densitometric analysis,
with the TotalLab120 program (Nonlinear Dynamics).

2.5 Detection of NGcGM3 by mass spectrometry
Matrix-associated laser desorption ionization mass spectrom-
etry (MALDI/MS) was carried out on a Shimadzu Biotech
Axima Performance time-of-flight mass spectrometer. Genti-
sic acid (2,5-dihydroxybenzoic acid; 10 mM in water) was
purchased from Sigma and used as matrix. Samples (5 pg/pl)
were deposited on the target, covered with 1 pl of the matrix in
aqueous solution and dried. Analyte ions were desorbed from
the matrix with pulses from a 337 nm nitrogen laser. Spectra
were obtained in the reflectron positive ion mode with an
average of 128 pulses, the ion gate was fixed in 1000 — 1500 Da.
The masses are average masses.

2.6 Detection of NGcGM3 by immunochemistry
Immunostaining of HPTLC plates was performed according
to the protocol described by Saito er 4l with minor

modifications [41]. Briefly, ganglioside samples were separated
on HPTLC, plate soaked in a 0.1% solution of polyisobutyl-
methacrylate (Aldrich Chemical) in hexane for 75s and then
allowed to air dry. Plates blocked in PBS buffer containing
1% BSA (Sigma) were incubated at 4°C (overnight) with
10 pg/ml of 14F7mAb, that specifically recognize NGcGM3
ganglioside [32]. After washing, alkaline-phosphatase-conjugated
goat anti-mouse IgG antibodies (Jackson) were added. Spots
were visualized with a 1 mg/ml solution of 5-bromo-4-chloro-
3-indolyl phosphate in 0.1 M glycine buffer, (pH 10.4). The
reaction was stopped by washing with water.

For immunohistochemical detection of NGcGM3 gan-
glioside in 3LL-D122 subcutaneous tumour and lung
metastasis, the Vectastain ABC kit (Vector Laboratories)
was employed according to the instructions of the manu-
facturer. Formalin-fixed 3LL-D122 subcutaneous tumour or
lung specimens were processed using the usual paraffin
technique, as previously reported [421. Tumour sections
(5 pm) were incubated for 1 h with the 14F7 mAb
(20 pg/ml in PBS). Slides were then incubated with
biotinylated horse anti-mouse IgG for 30 min, followed
by peroxidase-conjugated avidin—biotin complex for 30 min.
Bound antibodies were detected by incubation with diami-
nobenzidine substrate and tumour sections were then
counterstained with haematoxylin. Pertinent specificity tests
were performed, including blocking of endogenous perox-
idase, omission of the first antibody and utilization of
unrelated mAb.

2.7 Flow cytometry analysis
Cultured P3X63 cells were diluted at 1 x 10° cells per sample
and labeled with sera of chickens (diluted 1/10) immunized
with SAg/VSSP or NAg/VSSP in Montanide ISA 51 in FACS
buffer (0.1% BSA and 0.1% NaN3 in PBS). Afterwards,
biotin-conjugated goat antibodies anti-IgY immunoglobulin
(Sigma) and FITC-Streptavidin (Jackson) were added.
Cultured 3LL-D122 cells were diluted at 2 x 10’ cells per
sample. Cells were labeled with 1 pg of 14F7 mAb or a control
monoclonal antibody of the same isotype (IgG) in FACS
buffer for 15 min at 4°C. Afterwards FITC-conjugated goat
antibodies (anti-IgG immunoglobulin; BD Pharmingen) was
added. Cells were analysed with a FACS can flow cytometer
(Becton Dickinson & Company).

2.8 In vivo cell depletion study

mAbs to CD8 and NKI1.1 were purified from the culture
supernatants of the YTS 169 (anti-CD8, ECACC) and PK136
(and-NKI1.1, ATCC) hybridomas by ammonium sulphate
precipitation (anti-CD8) and affinity chromatography (anti-
NK1.1). In vivo depletion was done by intraperitoneal injec-
tion with 1 mg of anti-CD8 mAb or 0.2 mg of anti-NK1.1
mADb, one day after each vaccine immunization. These doses
have been previously shown to deplete more than 95% of
corresponding cell subset.
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Figure 1. NGcGM3 ganglioside on the spontaneous metastasis model of 3LL-D122 lung carcinoma. (Continued).
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2.9 Statistical analyses

Mann Whitney U test for paired comparison of values or
One-way ANOVA, combined with Tukey’s Test, for multiple
comparisons were employed. Differences were considered
significant if p <0.05 (* in the figures).

3. Results

3.1 An increased expression of NGcGM3 ganglioside in
metastasis compared with primary tumours of the
3LL-D122 Lewis lung carcinoma

Considering the relevance of the model of spontaneous lung
metastasis 3LL-D122 Lewis lung carcinoma and the fact that
the expression of NGcGM3 in this tumour type has not been
previously reported, we decided to evaluate the presence of this
molecule on tumours and metastatic samples.

3LL-D122 cells, either cultured 7n wvitro, derived from
subcutaneous tumours or from metastatic lung lesions were
processed according to certain optimized chemical extraction
and purification protocols for monosialogangliosides.

The corresponding isolated mixtures of this type of gang-
liosides were analysed first by HPTLC, (Figure 1A — C). The
presence of NGcGM3 in the monosialogangliosides fraction
of the three different tumour derived materials was apparent
considering the Rf values relative to the ganglioside standard.
The major component of the ganglioside fraction derived
from the cell line in culture was NAcGM3, representing
87.4% of the total lipid-bound sialic acid while its glycolylated
variant accounted for the 12.6%. On the other hand in
primary tumours the difference in expression between
NAcGM3 (56.1%) and NGcGM3 (32.2%) was less signif-
icant. Strikingly, in metastatic lesions the situation was totally
inverted with NGcGM3 accounting for 73.4% of total lipid
bound sialic acid while NAcGM3 accounts for just 11.2%.
These data might support a malignancy marker character for
NGcGM3 expression in this experimental model.

Further validation of the presence of NGcGM3 in these
tumour cell samples was achieved by TLC-ELISA and
MALDI-TOF mass spectrometry. Immunostaining experi-
ments with 14F7 mAb confirmed the presence of this sia-
lyl-lactosyl ceramide in the monosialo ganglioside fraction
isolated from 3LL-D122 cells, either cultured in vitro, derived
from subcutaneous tumours or from metastatic lung lesions
(see Figure 1D).

Similarly, mass spectrometric analysis evidenced the typical
decarboxylation process (m/z 1274) often seen as part of this
molecules ionization process, before suffering the complete
loss of the sialic acid moiety, in the corresponding spectra
belonging to the mixtures from subcutaneous tumours
(Figure 1E) and metastasis (Figure 1F).

Once the presence the chemical entity in the lipid extracts
of the different cell samples was unequivocally established we
wondered if in the intact biological material the ganglioside
could be detected as well. First, the 3LL-D122 tumour cell
line was analysed by FACS with the 14F7 mAb. While a
marked staining of the NGcGM3-positive P3X63 myeloma
cells was observed in the experiment (Figure 1G) an almost
absent recognition of the carcinoma cell line by the specific
antibody was apparent (Figure 1H), confirming the previous
chemical results.

Secondly, a comparison of the expression pattern of
NGcGM3 between primary tumours and metastatic lesions
was conducted by immunohistochemistry. Again 14F7 mAb
revealed its notable specificity, reducing the background even
when a sensitive immunoperoxidase assay was employed.
Consistently with the HPTLC results, primary tumours dis-
played a distinct and less intensive staining for NGcGM3
(Figure 1I) than the corresponding lung metastatic lesions
(Figure 1J). In this case a heterogeneous pattern of immuno-
reactivity was observed with patches of lung carcinoma cells
showing a diffuse cytoplasmatic staining.

3.2 Similar immunological profiles of vaccines
formulated either with the ganglioside isolated from
horse erythrocytes or fully synthetic

As part of the validation process of NGcGM3 as target we
reasoned that the gangliosides coming from two different
sources should be similar in antigenicity and also that a
vaccine, prepared with the two molecules, should be equally
immunogenic. NGcGM3, either purified from a natural
source (NAg) or that one chemically synthesized (SAg) reacted
identically with 14F7 mAb in a TLC-ELISA experiment
(Figure 2A,B), confirming the similar antigenicity of both
N-glycolylated variants of GM3 ganglioside.

The immunogenicity profiles of SAg and NAg were assessed
through the incorporation of these antigens into the outer
membrane protein complex of V. meningitides, obtaining the
nanoparticulated vehicle named VSSP (very small size

Figure 1. NGcGM3 ganglioside on the spontaneous metastasis model of 3LL-D122 lung carcinoma. (Continued). Chemical
ganglioside detection by orcinol reagent on A. 3LL-D122 tumour cell line; B. 3LL-D122 primary tumours and C. Metastatic lesions, lane 1:
standard NGcGM3; lane 2: gangliosides from each tumour stage; lane 3: standard NAcGM3. D. HPTLC immunostaining using 14F7 Mab, a:
tumour cell line, b: primary tumours, ¢: metastatic lesions. E. MALDI-TOF mass spectra of ganglioside samples from primary tumors and F.
metastatic lesions obtained in the reflectron positive ion mode with an average of 128 pulses, the ion gate was fixed in 1000 — 1500 Da. The
masses are average masses. G. NGcGM3 detection on P3X63 myeloma cell line and H. on 3LL-D122 tumour cell line, by FACS using 14F7
mAb. Detection of NGcGM3 in sections of I. 3LL-D122 primary tumours and J. metastatic lesions, by means of immunohistochemistry with

14F7 mAb, original magnification x 400, insets x 1000.
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Figure 2. Purity and identity of NGcGM3 ganglioside. A. HPTLC stained with orcinol reagent, B. HPTLC immune staining with 14F7
mAb, lane 1: standard NGcGM3, lane 2: natural NGcGM3, lane 3: synthetic NGcGM3. C. IgY response against NGcGM3 in chickens
immunized with NAg Vac or SAg Vac in Montanide ISA 51. Each bar represents the mean of 10 animals and the error bars represent the
standard error of the mean. D. P3X63 cells recognized by sera of chicken immunized with NAg Vac or E. SAg Vac in Montanide ISA51. Solid
black line: P3X63 cells unstained, open grey line: preimmune sera, open black bold line: immune sera, open black line: unrelated antibody
control. Each arrangement of histograms is representative of ten animals per group. F. Anti-metastatic effect of NGcGM3-containing
vaccine on spontaneous lung metastases murine model, C57BL/6 mice were inoculated subcutaneously (s.c.) with 3LL-D122 cells
(2 x 10%/mouse) into the right hind footpad, and treated twice with NAg/VSSP or SAG/VSSP or PBS (control), s.c. 7 and 21 days after
tumour inoculation. Both NGcGM3/VSSP-treated groups had significantly fewer pulmonary metastases measured as lung weight, relative
to control animals (p <0.001). No significant differences were observed between NAg/VSSP and SAg/VSSP treatments (p >0.05).

*p <0.05.

proteoliposomes). Both vaccine preparations were inoculated
in chickens separately and significant levels of IgY antibodies
against SAg or NAg ganglioside were detected (Figure 2C) in
sera of injected animals. Mean anti-NGcGM3 antibody titers
detected in immunized chickens were 1280 irrespective of
which antigen was used in the vaccine (p >0.05, unpaired

t test), indicating that both ganglioside vaccines similarly
stimulated the immune system. In addition an almost iden-
tical fine specificity of both specific anti-sera in recognizing
NGcGM3, normally expressed in the external membranes
of P3X63 myeloma cells, was manifested in a FACS
experiment (Figure 2D,E).
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Figure 3. C57BL/6 mice inoculated with 3LL-D122 cells (2 x
10°/mouse) into the right hind footpad, and treated twice
with NGcGM3/VSSP, s.c. 7 and 21 days after tumour inocu-
lation were treated with antibodies that depleted immune
effectors populations. A. Effect of depleting NK1.1* cells by
injecting anti-NK1.1 mAb, one day after each vaccine immuniza-
tion, control groups received PBS or PBS+anti-NK1.1 mAb. The
injection of anti-NK 1.1 mAb eliminated the effect of the vaccine. B.
Exhaustion of CD8" T cells was done by injecting anti-CD8 mAb,
one day after each vaccine immunization, control groups received
PBS or PBS+anti-CD8 mAb. The administration of anti-CD8 mAb
abolished the effect of the vaccine. Column bars represent media
values and error bars correspond to standard deviation. The p value
was generated with ANOVA and Tuckeys multiple comparison
tests. Data are representative of two independent experiments.
*p <0.05.

3.3 The NGcGM3/VSSP vaccine inhibits spontaneous

lung metastasis of the 3LL-D122 Lewis lung carcinoma
Finally, the definitive value of NGcGM3 as target for cancer
immunotherapy was tested in experiments on active immuno-
therapy in the spontaneous lung metastasis model described
before. Both NGcGM3/VSSP vaccines (formulated with NAg
or SAg) were administered after tumour cells’” implantation. In
mice injected with the two different vaccine preparations a
reduced amount of metastasis was detected in the lungs, com-
pared with the corresponding control animals just receiving PBS
(p < 0.001, One-way ANOVA, Figure 2F). As expected the
weights of the lungs removed from animals vaccinated with the
NAg preparation were similar to those coming from mice

vaccinated with SAg/VSSP (p > 0.05, One-way ANOVA).

Additionally, in a similar experiment injecting OMP into
mice inoculated with 3LL-D122 Lewis Lung Carcinoma, the
OMP did not avoid metastatic colonization in the lungs, while

NGcGM3/VSSP did (data not shown).

3.4 Involvement of cellular immune effectors

in the anti-metastatic response generated with
NGcGM3/VSSP

NKI.1" cells have been shown to mediate strong anti-
metastatic activities in several models of lung metastasis. The
role of NK1.17 cells in the capacity of the NGcGM3 vaccine to
avoid metastization of 3LL-D122 tumours implanted in
C57BL/6 mice was investigated in experiments in which deple-
tion of these cells was achieved by injecting an anti-NK1.1 mAb,
24h after each vaccine inoculation. The vaccine preparation was
administered twice in the spontaneous metastasis model, as
described before. Control groups received PBS or PBS plus the
anti-NK1.1 mAb. As shown in Figure 3A the anti-metastatic
effect of the NGcGM3/VSSP vaccine was abolished in
mice deficient in NK1.1* cells, suggesting that these types of
innate immunity cells are involved in the pharmacological
effect of the vaccine.

On the other hand determining if CD8" T cells also
contributed to the anti-tumour effects evidenced by vaccines
produced with NGcGM3 was interesting as well. In the same
fashion in vive cell-type specific depletion procedures were
conducted in the spontaneous metastasis model described in
Materials and methods. C57BL/6 mice bearing intra-foot pad
tumours were treated twice with NGcGM3/VSSP as previ-
ously described. Depletion of CD8" T cells was achieved by
injection of an anti-CD8 mAb 24h after each vaccine injec-
tion. Corresponding control animals received PBS or PBS plus
anti-CD8 mAb. After euthanasia the common reduction in
metastatic dissemination observed in mice treated with the
NGcGM3 vaccine was lost in the group of animals that also
received the depleting dose of the anti-CD8 antibody
(Figure 3B). These results suggested the involvement of
CD8" T cells in the anti-tumour immune response generated
by vaccination with the NGcGM3/VSSP preparation.

4. Discussion

In this paper we considered the murine model of spontaneous
lung metastasis with the 3LL-D122 Lewis lung carcinoma to
study the presence of NGcGM3 ganglioside on tumour
samples. This murine spontaneous metastasis model is
much related to the disease occurring in cancer patients,
who in many cases develop metastatic lesions after surgical
treatment. Then we studied the ganglioside content at three
stages of tumour development: first the cell line stage, second
the primary tumour stage and finally the metastatic stage. The
3LL-D122 Lewis lung carcinoma spontaneous metastasis
murine model was consistent with an increased expression
of NGcGM3 from primary tumours to metastatic lesions, as
observed in human breast cancer samples. Our results are in
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accordance with other published studies that associate the
metastatic capacity of tumour cells with the gangliosides
pattern and/or with changes in sialylation [2043.44). Earlier
studies in the natural brain tumour of the VM mouse strain,
showing analogous results regarding the total ganglioside sialic
acid content of the subcutaneously grown tumour (70% of SA
was in the form of NGcNeu acid) in relation to cultured VM
tumour cells (almost exclusively NAcNeu acid) [45].

The insertion of the synthetic NGcGM3 ganglioside on
VSSP vaccine confirmed the value of this target for cancer
immunotherapy. Our results proved equivalent immunoge-
nicity profiles against NGcGM3 despite the source of the
antigen. Previous reports of immunization of mice with other
ganglioside-conjugated vaccines have been successful in the
generation of humoral response against these molecules [46-51].
Antibody response against gangliosides is mostly characterized
by the IgM isotype, and these have shown to mediate
protection in animal models challenged with ganglioside-
expressing tumours [52]. We also confirmed the identification
of the gangliosides on tumour cells by the sera of vaccinated
chickens on positive NGcGM3 myeloma cells.

The therapeutic benefit due to the use of NGcGM3-
containing vaccine in tumour-bearing mice was demonstrated
in the spontanecous lung metastasis murine model with
3LL-D122. Two therapeutic subcutaneous administration of
the vaccine, in the neoadjuvant setting, inhibited spontaneous
metastasis on the lungs of treated mice. Additional preclinical
experiments into the adjuvant setting will be performed to
evaluate the effect of the vaccine after tumour surgical procedure.

Several adjuvants have been used for vaccines based on
gangliosides for the treatment of patients with cancer, but in
all cases only generation of humoral response have been
reported [50,51,53-57). A Phase I clinical trial in advanced breast
cancer patients was performed with NGcGM3/VSSP vaccine.
All treated patients developed anti-NGcGM3 antibody titers
(IgM and IgG). The hyper-immune sera increased comple-
ment-mediated cytotoxicity versus P3X63 myeloma cells, and
a marked IgG differential reactivity against human mammary
ductal carcinoma samples [35].

The involvement of cytotoxic lymphocyte has not been
related to gangliosides response due to its T-independent
antigen nature [58]. Our results, in addition to the validation
of NGcGM3 as target for cancer immunotherapy, suggest the
involvement of cellular immune response in the antitumor
effect generated with NGcGM3/VSSP. Further experiments
will be decisive to elucidate the nature and the specificity of
cell response generated.

Attending to recently studies revealing NGcGM3 gangli-
oside influences on immune cells functions [33,34], and con-
sidering that anti-ganglioside antibodies are capable of
eliminating these immunosuppressive molecules from the
tumour microenvironment and circulation [59], we could
speculate that NGcGM3/VSSP vaccine will reverse the
immune suppressor effect of NGcGM3 on dendritic and T
helper cells. Moreover, N. meningitides-derived OMP vesicles
have demonstrated a capacity to stimulate immune system
response [60]. Future experiments will be focused on
deeply understanding the mechanism of action of the

NGcGM3/VSSP vaccine.
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