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ABSTRACT

In the Center for Molecular Immunology, a new adjuvant was designed and described. It was created to be used
in vaccines for the treatment of immuno-compromised patients. Those very small sized proteoliposomes, called
VSSP, combine in their structure the GM3 ganglioside, whith immune system suppressing properties and outer
membrane vesicles of Neisseria meningitides with demonstrated immunostimulating characteristics. This paper
demonstrates that VSSPs, independently of the predominating ganglioside in their structure, provide the signals of
“danger” necessary for the activation of the dendritic cells in the immune system. The authors assess how VSSPs,
in their interaction with those cells, induce the secretion of inflammatory cytokines, such as IL-12, that induce the
polarization to Th1 of the helper T cells. Also, it was assessed that the VSSPs, in their interaction with those cells,
induce the secretion of inflammatory cytokines, such as IL-12, that induce the polarization to Th1 of the helper T
cells. It was also demonstrated that the VSSPs stimulate the functional activity of the specific cytotoxic T cells, a
phenomenon that is facilitated by the cross presentation of exogenous antigens and the independence of the
cooperation of the helper T cells for the primary expansion of the cytotoxic T cells. Those properties were also
validated by experiments that demonstrate the anti-tumor activity of two VSSP adjuvated cell vaccines.

Introduction

The adjuvants are products that increase or modulate
the immune response specific for an antigen (Ag) and
therefore, they are indispensable for the formulation
of most vaccines. Because of that, for more than three
decades endeavors and resources have been spent in
scientific research for the development of new and
more powerful adjuvants. Emerging theories and
knowledge about the immune system regulation have
strongly influenced in adjuvant development. That is
the case of the theories by P. Matzinger and C. Jane-
way, who say that the immune system discriminates
between what is dangerous and what is innocuous,
through the non clone receptors that recognize mo-
lecular patterns associated to those “dangerous’
signals[1, 2]. Based on those theories, new pathogens
derived adjuvants have been described. These adju-
vants have the the peculiarity of triggering the im-
mune response through the activation of dendritic cells
(DC) and their conditioning for regulating the response
of the adaptive immune system cells, mainly of the T
lymphocytes. A particular aspect in thefield of adju-
vants research is the devel opment of therapeutic vac-
cines for the treatment of immuno-compromised pa-
tients. That isthe case of the vaccinesfor the preven-
tion of cancer or viral chronic diseases, such asAIDS,
in those cases, the tumors or viruses, interacting with
the host, create mechanisms for suppressing the im-
mune systemin order to evade the vaccinesaction[3].

The gangliosides are glycosphingolipidis that are
over expressed in thetumor cellsmembranes and shed
by them in considerable amounts as monomers, mi-
celles and membrane vesicles. The gangliosides are
powerful stimulators of thein vivotumor growth and
they have inhibiting ability over multiple events of
the cell immune response. All those elements support
the hypothesis that the gangliosides are one of the
most important soluble factors in immunosuppres-
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sion induced by the tumors [4]. Those immunosup-
pression mechanisms are multiple and are not com-
pletely elucidated. Nevertheless, it is clear that both
the Ag presenting cells (APC) and the B and T lym-
phocytes are considerably affected by the tumor-
derivated gangliosides [5].

The Center of Molecular Immunology (CMI), in
its endeavors for finding effective treatments against
cancer, has designed an adjuvant or immuno-potentia-
tor, with the purpose of potentiating the specific Ag
response, and also interfering in theimmunosuppres-
sion induced by the tumors [6]. To do that, the
immunostimulating properties of a bacterial system,
in this case, the outer membrane vesicles (OMV) of
Neisseria meningitides, with the GM3 ganglioside
immunosuppressing propertieswere used. This com-
bination originates very small size proteoliposome
(VSSP) where the ganglioside-protein molecular rate
was 37:1. From the ganglioside molecular superiority
on the Neisseria meningitides proteins, at first the
authors researched if the adjuvant and immuno-stimu-
lating properties predominate in the V SSP.

Materials and methods

Mouse bone marrow dendritic cells
preparation

The murine dendritic cells were obtained from pre-
cursors isolated from bone marrow from femur and
tibia of just sacrificed mice. Those cells were cul-
tured at 6 x 10e5 cells/mL density in D’MEM supple-
mented with 20 ng/mL GM-CSF (R& D, UK). A GM-
CSF-supplemented culture medium was added after
72-90 hours of culture. The medium was replaced
with a fresh one after eight days of culture; the DC
was exposed for 18 hoursto the different stimuli and
their phenotype was analyzed by FACS.
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In vivo cytotoxicity assay

Total splenocytes from naive syngenic mice were
marked with CFSE flourophore (Molecular Probes,
Paisley, UK) 1 mM and SIINFEKL 1 mM (CFSE++)
or with only CFSE 100 nM (CFSE+) to obtain the
target cells. For the cytotoxicity assay, 60 x 10e6 cells
of the mixture were injected into the tail vein, in the
mice previoudly immunized with 1 mg OVA aone or
mixed with 200 g V SSP. Sixteen hourslater, the num-
ber of CFSE+ and CFSE++ cdls in the inguinal gan-
glion closest to the immunization site was measured.
The specific lysis rate was determined through the
formula:

CFSE™
CFSE*

Vaccination with irradiated cells and tumor
challenge assay

The tumor model used was the CT26 colon carci-
noma. In thisassay, Balb/c mice were subcutaneously
immunized intheleft sidewith PBS or 10e6 irradiated
cells (75 Gy) adoneor inthe presence of 200 mg V SSP.
Ten days after vaccination 10e5 CT26 viable cells
were also subcutaneously injected in the right side.
The animals were monitored during 60 days and the
tumors’ growth was assessed.
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Results and discussion

Dendritic cells activation

The DCs are the most frequent Ag presenting cells
and play an important role in the initiation of the
immune response. Thus, we evaluated the effect of
VSSPin DC expression of class || MHC and avarie-
ty of co-stimulatory molecules. These experiments
demonstrated that the V SSP-treated murine DCs have
a high expression of the CD80, CD86, CD40 and
MHC |1 molecules. They also demons-trated that the
effect of the VSSP on the DC is a stimulus as power-
ful asLPSin theinduction of the maturation of those
cells(Table 1) [7]. Thisgroup of results was surpris-
ing because there are reportsindicating that the GM3
ganglioside, highly represented in VSSP, inhibits the
maturation of DC. This immunosuppressing prop-
erty of the ganglioside was thwarted when combined
with VSSP.

T helper cells response polarization to Th1

According to thetheory proposed by Janeway about
the instructive role of the innate immune system on
the cells of the adaptative immune system, it has
been proposed that the pattern recognition receptors
expressed in the DCs interact with their ligands and,
subsequently, condition the polarization of the CD4

Table 1. Activation of the murine dendritic cells.

CD80 CD86 CD40  MHCII p4I(IJ-}§70
DC° 34.2 34.3 61.3 29.8 0
DCs 707 66.8 72.5 72.5 34.1
DCYSF 677 627 70.1 69.9 86.9

* The data are shown as per cent of the positive cells to the
assessed markers
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T cellsto Thl or Th2. IL-12 has been characterized
as the cytokine secreted by the DCsthat condition a
polarization of the helper T cellsto Thl. In order to
assess the V SSP ahility of inducing the production of
IL-12 by the DCs, the cytokine intracellular levels
by flow cytometry were assessed. In this experi-
ment, differences between LPS- and V SSP-treated
DC were observed. Although ahigh percentage (87%)
of 1L-12p40/p70 producing DC were detected after
stimulating with VSSP, only 34% of LPS stimulated
DC produced this cytokine (Table 1) [7].

To assess the ability of the VSSP activated DC to
polarize naive T CD4 lymphocytes to Thl or Th2,
those cellswerepurified fromthe DO.11.10transgenic
mice spleen. CD4 T cells from this mouse are specific
for an OV A characterized peptide. In this experiment,
the VSSP-activated DC promoted the secretion of IL-2
and INFg, while the IL-4 was inhibited (non showed
data). Thisprofile of cy-tokinesinthe helper T cellsis
characteristic of a Thl.

Cytotoxic T lymphocytes activation

The potentiating effect of VSSP on the DC and the
Th1 response conditioning, in spite of the ganglioside
representativeness in the VSSP, led to the design of
several experimentsto determine the stimulating abili-
ty of cytotoxic CD8 T cells (CTL, cytotoxic T lym-
phocytes). This property had not been described be-
fore for VME of Neisseria meningitides, what was a
challenge for VSSP. Moreover, in the last years many
stimuli have been assessed in order to know if the CD4
helper T cellsarerequired for generating effective CTL
responses. Those studies have revealed the existence
of CTL responses dependent and independent on the
cooperation of the CD4 cells. For assessing both phe-
nomena with our adjuvation system, thein vivo CTL
assay was used after adose of OV A aoneor adjuvated
with VSSP and the specific response to SIINFEKL
immunodominant peptide was measured. In order to
find if the CD8 T lymphocytes activation occurred in
absence of the helper T cells, the CTL response was
measured in mice for which those cells had been re-
moved. Theremoval of theCD4 T cellswas performed
by a systemic treatment with a specific AcM for that
molecule and PBS as negative control. That experi-
ment showed that VSSPis able to induce even 40% of
thelysisinthe SIINFEKL positivetarget cells, evenin
absence of the CD4 cells (Table 2) [8]. This result
includes V SSP in the group of adjuvants activating the
CTL response to exogenous Ag in absence of the T
helper lymphocytes.

Antitumor activity

Finaly, the practical assessment of the adjuvant abili-
ty of VSSP was tested in an antitumor experiment.
To do that, an antigenic system different from those
assessed was used. The tumor cells vaccines have been

Table 2. Activation of the CD8 T lymphocytes.

Vaccine Treatment SIINFEKL specific lysis (*)
PBS 2.4
OVA
a CD4 2.0
PBS 42.8
OVA/VSSP
a CD4 46.2
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widely researched sinceit isassumed that they content
the entirerelevant tumor Ags. In this study, the tumor
line of CT26 colon carcinoma was one of those used
for assessment. The resultsin the vaccination experi-
ments with that irradiated tumor line and challenge
with the live cell itself showed that the use of VSSP
for adjuvating the cell vaccine prevented the devel op-
ment of tumors in more than 80% of the immunized
animals. Thisresult corroboratesthat the V SSP facili-
tates and increases the natural cross presentation of
the CT 26 apoptopic cellsand induces the stimulation
of specific CD8 T cells (Table 3).

The group of the results compiled in this paper
demonstrates that V SSP, independently of the pre-
dominance of thegangliosidein itsstructure, provides
the SI with the signals of “danger” necessariesfor the
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Table 3. Antitumor activity.

Vaccine Animals with tumor/ Total
PBS 10/10
CT26° 9/10
CT26/VSSP 1/6

activation of DCsand the polarization to Thl. More-
over, this concept is widened after determining that
theV SSP signal sactivate and expand Ag specific CD8
T cells. This phenomenon is facilitated by the cross
presentation of exogenous Ag and by the indepen-
dence of the cooperation of the CD4 cells for the
primary expansion of CD8. Therefore, the VSSPisa
good alternative of the existing adjuvantsfor their use
in future therapeutic vaccines.
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