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A MONOPHOSPHORYL LIPID-A LIPOSOME BASED CANCER VACCINE
BACKGROUND

Cancer has an ability to evade destruction by the immune system, yet evidence of
immunosurveillance and immunoediting of cancerous cells suggests that efficient and effective
cancer therapies may be attainable by informed manipulation of the immune system. Results of
such approaches to date have been inconclusive, due in part to the complexity and still limited
understanding of many features of cancer and the immune system, including such features as
exhaustion of tumor-reactive T cell populations, immunosuppression by regulatory T cells in

tumors, mutability of tumor antigens, and the like.

Disialoganglioside GD3 represents a major surface marker on most human melanoma
cells. Monoclonal antibodies directed to GD3 have been used to recognize GD3 and effectively
lyse four human melanoma cell lines expressing significant levels of GD3 on their surface by
either of two mechanisms: 1) antibody-dependent cellular cytotoxicity (ADCC) or 2)
complement-mediated cytotoxicity. However, a melanoma cell line that expresses minimal
levels of GD3 on 13% of the cells has shown insignificant lysis by monoclonal antibodies by
either of these two mechanisms, suggesting that a threshold level of antigen expression may be
required for effective in vitro cytolysis.

Given the poor prognosis of melanoma and osteosarcoma cancers, novel therapeutic
approaches are needed to improve survival. Chemotherapy is only marginally effective as a
treatment modality, and causes numerous side effects, while other modalities such as
immunotherapy are still in their infancy. Cancer vaccines are designed to elicit an immune
response against tumor-specific or tumor-associated antigens, encouraging the immune system to
attack cancer cells bearing these antigens. However, development of cancer vaccines 1s
challenging due to on-going clonal evolution in the cancer cell population which frequently
modifies the target epitopes of the cancer vaccines. Moreover, uptake of the vaccine and timing

of vaccine delivery limits the effectivity of this immunotherapeutic approach to cancer treatment.

Adoptive T-cell therapies are used for immunotherapies for the treatment of various
cancers; however, these treatments include live whole cells, and must be administered after

chemotherapy. In some instances it would be beneficial to couple chemotherapy with other
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therapies, including immunotherapy, simultaneously as opposed to providing these therapies in

sequence.

SUMMARY

A different and novel approach to cancer vaccines is provided in embodiments described
herein, including, for example, a nanoliposome including a GD3 antigen, a GD2 antigen, or a
combination thereof, and an adjuvant for treating or preventing cancer in a subject. In one
embodiment, the adjuvant includes monophospholipid A (MPL) as a primary constituent of the
nanoliposome to initiate an immune response significant enough to overcome any tolerances in

the subject, for example.

In an embodiment, a vaccine composition for enhancing production of antibodies against
disaloganglioside GD3 and/or GD2 is provided. The vaccine composition includes an admixture
of an effective amount of disialoganglioside GD3 and/or GD2 to enhance antibody production in
a subject, and an effective amount of an adjuvant comprising monophosphoryl lipid A (MPL).

In another embodiment, a method of treating a cancer in a subject is provided including
vaccinating a subject by administering to the subject an effective amount of the vaccine
composition described herein, wherein the vaccine composition is effective to produce antibodies
against disialoganglioside GD3 or GD2, or both.

In yet another embodiment, a method of producing a GD3 and/or GD2-containing nano-
liposomes, is provided. The method includes combining an effective amount of a
disialoganglioside GD3 self-antigen and/or GD2 self-antigen, and an effective amount of a
monophospohoryl lipid A (MPL) (a “first composition™), and subjecting the first composition to

sonication to produce an emulsified first composition (“emulsified composition”).

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a graphical illustration showing distribution of nano-liposomal particle
concentration in MPL emulsion.

FIG. 2 shows a cryo-electron microscopy slide of nano-liposomal particles.

FIG. 3 provides graphical illustrations of IgG and IgM specific immune response to GD3

vaccination in dogs with melanoma and in normal dogs.
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FIG. 4 provides a Kaplan Meyer curve comparing survival times between Phase -1
(median 356 days IQR 1492-166 days) and Phase-2 median (1163 days IQR +inf - 210 days
(P=0.046) in a melanoma vaccine trial.

FIG. 5 is a vaccine protocol for an osteosarcoma vaccine trial.

FIG. 6 1s a Disease Free Interval (DFI) graphical illustration showing a difference
between a vaccine group and a control group of dogs in the osteosarcoma vaccine trial.

FIG. 7 is a chart showing the data for the DFI graph in the osteosarcoma vaccine trial.

FIG. 8 shows a graphical illustration of the overall survival rates between the vaccine
group and the control group after Phase 1 of the osteosarcoma trial.

FIG. 9 1s a chart showing the data displayed in the overall survival rate graph in FIG. 8.

FIG. 10 is a gating strategy for analysis of M-MDSC and PMN-MDSC in canine
peripheral blood. Representative flow cytometric analysis of cells from a patient with melanoma.
Whole blood was stained with CD11b, MHCII and CD14 antibodies. FSC vs. SSC acquisition
gate was set to exclude dead cells. FSC-A vs. FSC-H was used to exclude doublets. CD11b vs.
MHCII was used to identify the CD11b+MHCII- population, which was then gated as CD11b vs.
CD14 to identify the CD11b+MHCII-CD14+ (M-MDSC) and CD11b+MHCII-CD14- (PMN-
MDSC) populations.

FIGS. 11A-11D provide a comparison of percent M-MDSCs and PMN-MDSCs between
melanoma (MM) and control groups and across vaccine time points. Measurements in A and B
were at baseline which is equivalent to the vaccine 1 time point in C and D. Box plot, whiskers
and dots in A and B represent IQR, 10th and 90th percentile and outliers respectively. Error bars
represent standard deviation in the line-scatter plot for C and D. Percent M-MDSCs (A) and
PMN-MDSCs (B) were significantly higher in the MM group were compared to the control
group (Mann-Whitney Rank Sum Test p = 0.001 and p < 0.001 respectively). Percent MDSCs
decreased from baseline (designated vaccine 1) at each vaccine time point for both PMN-
MDSCs (C) and M-MDSCs (D). (ANOVA * p = 0.003, ** p < 0.001).

FIG. 12 shows the differences in serum concentrations of MCP-1, GM-CSF and IL-10
between melanoma (MM) and control groups. A log10 scale was used for the y-axis for best
visual display of results. MCP-1 and IL-10 were significantly higher in the MM group compared
to control group (Mann-Whitney Rank Sum Test * p = 0.035 and p = 0.046 respectively). There
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was no significant difference in GM-CSF concentration between groups (Mann-Whitney Rank
Sum Test p > 0.05).

FIG. 13 1s a diagram of a study of B16-F10 mouse melanoma cell line in C57/BL6 mice.
Three groups of mice were injected with B16 melanoma cell lines. Only one group received the
GD3 based vaccine, the other groups were a control group and a-galactosylceramide (a-GalCer),
a potent and specific activator of mouse and human iNKT cells.

FIG. 14 provides data resulting from A375, CML-2 and B16 melanoma cells which were
stained for the presence of GD3. B16 melanoma cells were incubated with an anti-GD3 antibody
(Clone R24) (red line) and compared the staining with B16 cells stained with the FITC-tagged
anti-mouse secondary antibodies (grey). The stained cells were analyzed with BD Canto and
FlowJo 10v.

FIG. 15 demonstrates data of C57BL/6 mice injected with GalCer (IP) or GD3-based
vaccine (subcutaneously) four times weekly. One week post last vaccination, mice were
euthanized as per IACUC protocol and Natural Killer T cells were evaluated in blood, spleen,
and liver by staining the isolated cells with anti-CD45, CD3, CD4, TCRb, CD49b and NK1.1
antibodies. The stained cells were analyzed on BD Fortessa and FlowJo 10v. (A) A
representative dot plot shows an increase in NKT cells in liver but not in blood and spleen (data
not shown). (B) A compiled NKT cells data showing a significant increase in the liver of
vaccinated mice. n=4, *<P0.035, **<P0.01.

FIG. 16 provides data resulting from 10° B16 melanoma cells implanted subcutaneously
in C57BL/6 male or female mice at left flank with Metrigel. A group of these mice received
GD3-based vaccine subcutaneously at the sternum weekly, a day after the tumor implantation,
for two weeks. Two weeks post-implantation, mice were euthanized and tumor size was
measured. (A) Tumor size in male mice and (B) Tumor size in female mice. n=3, *<P0.03,

e <P0.0001

DETAILED DESCRIPTION

Definitions

Unless defined otherwise, all technical and scientific terms used herein have the same

meaning as commonly understood by one of ordinary skill in the art to which this invention
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belongs. Although any methods and materials similar or equivalent to those described herein can
be used in the practice or testing of the invention, the preferred methods and materials are now

described. All publications mentioned herein are incorporated herein by reference.

Generally, nomenclatures used in connection with, and techniques of, cell and tissue
culture, molecular biology, immunology, microbiology, genetics, protein, and nucleic acid
chemistry and hybridization described herein are those well-known and commonly used in the
art. The methods and techniques of the present invention are generally performed according to
conventional methods well known in the art and as described in various general and more
specific references that are cited and discussed throughout the present specification unless
otherwise indicated. See, e.g. , Sambrook , Molecular Cloning: A Laboratory Manual, 2d ed.,
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y. (1989); Ausubel et al., Current
Protocols in Molecular Biology, Greene Publishing Associates (1992, and Supplements to 2002);
Harlow and Lan, Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, N.Y. (1990); Kandel, Schwartz, and Jessell, eds., Principles of Neural Science,
4th ed., McGraw-Hill/ Appleton & Lange: New York, NY (2000). Unless defined otherwise, all
technical and scientific terms used herein have the same meaning as commonly understood by

one of ordinary skill in the art.

By way of specific example, the term “primary constituent” refers to molar ratio of MPL
relative to phospholipid content in the liposome. In this context, MPL, for example, is a primary
constituent if it constitutes a molar ratio relative to total phospholipid (MPL: phospholipid) of
1:10 or greater of the liposome. In a more specific non-limiting example, MPL may constitute a
molar ratio of at least 1:4 of the liposome, as its primary constituent. Further still, in another
non-limiting embodiment MPL may constitute a molar ratio of at least 1:3 as the primary
constituent of the liposome.

Terms such as "a", "an" and "the" are not intended to refer to only a singular entity but
include the general class of which a specific example may be used for illustration. The
terminology herein is used to describe specific embodiments of the invention, but their usage

does not delimit the invention, except as outlined in the claims.

"non

The terms "animal,” "patient," or "subject,” as used herein, mean any animal (e.g.,

mammals, (including, but not limited to humans, primates, dogs, cattle, cows, horses, kangaroos,
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pigs, sheep, goats, cats, rabbits, rodents, and transgenic non-human animals), and the like, which
are to be the recipient of a particular treatment. Typically, the terms "animal” "subject” and
"patient” are used interchangeably herein in reference to a human subject or a rodent. The

preferred animal, patient, or subject is a human.

The term "administration" as it applies to a human, mammal, mammalian subject, animal,
veterinary subject, placebo subject, research subject, experimental subject, cell, tissue, organ, or
biological fluid, refers without limitation to contact of an exogenous ligand, reagent, placebo,
small molecule, pharmaceutical agent, therapeutic agent, diagnostic agent, or composition to the

subject, cell, tissue, organ, or biological fluid, and the like.

As used herein, the term "effective amount” refers to a quantity of a vaccine composition

or an admixture that is sufficient to produce an intended biological effect.

The term "cancer” as used herein is defined as a hyperproliferation of cells whose unique
trait— loss of normal control— results in unregulated growth, lack of differentiation, local tissue
invasion, and/or metastasis. Examples include but are not limited to, melanoma, colon cancer,
duodenal cancer, prostate cancer, breast cancer, ovarian cancer, ductal cancer, hepatic cancer,
pancreatic cancer, liver cancer, sarcoma, renal cancer, endometrial cancer, testicular cancer,
stomach cancer, dysplastic oral mucosa, polyposis, thyroid cancer, cervical cancer, head and
neck cancer, invasive oral cancer, non-small cell lung carcinoma, small-cell lung cancer,
mesothelioma, transitional and squamous cell urinary carcinoma, brain cancer, neuroblastoma,
and glioma. In non-limiting embodiments, cancer may refer to a brain tumor, a sarcoma,

particularly an osteosarcoma, or a melanoma as discussed herein.

As used herein, the term "vaccine” refers to compositions that affect the course of the
disease by causing an effect on cells of the adaptive immune response, namely, B cells and/or T
cells. The effect of vaccines can include, for example, induction of cell-mediated immunity or
alteration of the response of the T cell to its antigen. Vaccine can be used for therapeutic
administration or prophylactic administration. The effect of vaccine compositions can also be
measured by testing antibody levels, for example IgM and IgG levels, or other antibodies in the
subject. In other examples, the effect of vaccine compositions may include by identifying
whether cell-mediated cytotoxicity has occurred. In certain embodiments described herein, the

vaccine may cause an effect on the innate immune response, namely, the invariant natural killer

6
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cells (iNKT cells). GD3 is often described as a self-antigen, and therefore, to be used as an
adjuvant-based immunotherapy, it requires an enhanced immune response to overcome the
tolerance of the body to the self-antigen. The term GD3 as used herein includes a ganglioside
found and expressed at normal levels on the surface of normal nerve cells and melanocytes;
however they have been found herein to be expressed at high levels in cancer tissue, including,
for example, osteosarcomas, melanomas, and others. GD3 is a ganglioside, anchored to the
plasma membrane through its ceramide lipid, with its varied glycans extending into the

extracellular place. The term GD3 as used herein refers to GD3 or GD3 protein mimicry.

The term “GD2” as used herein, like GD3, includes a ganglioside found and expressed at
normal levels on the surface of normal nerve cells and melanocytes; however they have been
found herein to be expressed at high levels in cancer tissue, including, for example,
osteosarcomas, melanomas, and other cancers. GD2 can be sourced from nervous tissue, for
example, from human brain or bovine brain and can be obtained via Sigma Aldrich
duct) or from My BioSource.com

173). The term GD?2 as used

herein refers to GD2 or GD2 protein mimicry.

In one non-limiting embodiment, the GD2 mimetic described herein may include the
amino acid sequence of EDPSHSLGLDAALFM or RCNPNMEPPRCWAAEGD. In a non-
limiting embodiment, the GD3 mimetic described herein may include the amino acid sequence of

RHAYRSMAEWGFLYS.

In some embodiments, vaccine compositions may be provided herein including GD3 or
GD2. However, in other embodiments, the vaccine composition may include either GD3 or
GD2. “GD3” as referenced herein is also construed to include GD3 mimetics, and “GD2” as
referenced herein is also construed to include GD2 mimetics as described in Popa et al. GD3-
replica peptides selected from a phage peptide library induce a GD3 ganglioside antibody
response. Federation of European Biochemical Societies Letters 580 (2006) 1398-1404. 18
January 2006. Published by Elsevier B. V. doi: 10.1016/j.febslet.2006.01.063.
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As used herein, the term “in conjunction” refers to synchronously or near synchronous
timing. In conjunction may include within 12-240 hours of administration of chemotherapy
treatment, or within 12-240 hours before chemotherapy treatment, or within 12-240 hours after

chemotherapy treatment.

The term “cell sample” as used herein as it pertains to the methods described in the

claims includes a cancer cell sample.

Embodiments described herein include methods comprising a chemotherapy treatment
regimen to be administered to a subject. The chemotherapy treatment regimen involves the
administration to the subject of one or more chemotherapeutic agents. The term
“chemotherapeutic agent” as used herein may include the various known classes of
chemotherapy including but not limited to platinum-based compounds, vinca alkaloids, taxanes,
proteasome inhibitors, alkylating agents, antimetabolites, and antitumor antibiotics. In non-
limiting embodiments, platinum-based compounds may include Cisplatin, Carboplatin, or
Oxaliplatin. In non-limiting embodiments, Vinca alkaloids may include Vincristine, Vindesine,
Vinblastine, or Vinorelbine. Taxanes may include, for example, Paclitaxel or Docetaxel. The

proteasome inhibits may include Bortezomib, for example.

The term “enhance” as used herein refers to an increase, a stimulation, or an
intensification of the quality or amount. In one non-limiting example, administration of a
vaccine to a subject may enhance the production of antibodies in the subject. In some non-
limiting embodiments, enhancing the production of antibodies may include stimulating the
production of antibodies to an antigen presented. In another non-limiting example, enhancing
the production of antibodies may include an increase in antibodies sufficient to overcome an

immune tolerance or immune suppression of the subject to the relevant antigen.

Overview

As aresult of its metastatic potential, malignant melanoma has a poor response to
conventional treatment protocols. Melanoma in humans and canines is an aggressive and highly
metastatic cancer. The mucosal forms in both humans and dogs share some genetic and
histopathologic features, making dogs a valuable spontaneous disease animal model. In both
humans and dogs. malignant melanoma is an aggressive cancer with a high metastatic rate, early

in the disease course [62, 93]. While human mucosal and non-UV induced cutaneous melanoma
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have shared histopathologic and genetic features with canine mucosal and cutaneous malignant
melanoma, similarities and differences in mutation profiles between canine (oral) and human
mucosal melanoma have been found [94]. These differences in mutation profiles could influence
tumor behavior and thus response to treatment. Nonetheless, canine mucosal melanoma serves a
valuable role as a large animal translational model for the study of immunotherapeutic agents in
naturally occurring cancers where immunotherapy targets are known to occur in both species e.g.
GD3 [43, 94]. A key factor for the success of immunotherapy is overcoming tumor-induced host
immune tolerance and evasion, which has led to increased research into tumor immunology and
the suppressive tumor microenvironment [23]. Within this, myeloid-derived suppressor cells

(MDSCs) have recently emerged as a key player in blocking immune effector cell function. [86].

Myeloid-derived suppressor cells (MDSCs) are a heterogeneous population of cells of
myeloid origin with immunosuppressive capabilities, which are increased in many human
cancers and contribute to tumor immune evasion. Originally identified due to their expansion
associated with cancer MDSCs have since been shown to be expanded in other pathologic
conditions, including inflammation, trauma and sepsis, but are present only in low numbers in
healthy animals (Gabrilovich and Nagaraj, 2009; Goulart et al., 2012). MDSCs have a variety of
mechanisms through which they can modulate the host immune response, including production
of immunosuppressive mediators such as arginase 1 (ARG1), inducible nitric oxide synthase
(iNOS), reactive oxygen species (ROS), IL-10, TGF- B and IFN-y (Gabrilovich et al., 2012;
Khaled et al., 2013). Multiple factors have been shown to be involved in MDSC upregulation in
cancer (Gabrilovich et al., 2012; Khaled et al., 2013). Particularly, granulocyte-macrophage
colony-stimulating factor (GM-CSF) has been found to drive MDSC formation via bone marrow
stimulation (Dolcetti et al., 2009; Lechner et al., 2010; Zhao et al., 2016) and monocyte
chemoattractant protein (MCP-1, also known as chemokine (C-C motif) ligand 2 or CCL2) has
been shown to have direct effects on cells within the tumor microenvironment, including
MDSCs, which promotes tumorigenesis and metastasis (Zhang et al., 2010). Additionally, the
MCP-1/CCR2 pathway has been found to have a key role in MDSCs migration to the tumor and
on tumor growth (Huang et al., 2007).

In mice, MDSCs are defined by a characteristic co-expression of CD11b and GR1

(granulocyte marker), however human leukocytes have no analogous marker to GR1 and to date,
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no unique markers for MDSCs have been identified (Bronte et al., 2016; Khaled et al., 2013;
Mandruzzato et al., 2016). Nonetheless, progress in analysis of morphology and phenotypic
expression of cell surface markers has led to the identification of at least two major MDSC
subsets, monocytic (M-MDSCs) and polymorphonuclear (PMN-MDSCs) in both humans and
mice and the pattern of major subset expansion has been shown to be variable among different
human cancer types (Khaled et al., 2013; Marvel and Gabrilovich, 2015).

To improve interpretation and comparison between human laboratories and studies
minimum phenotype definitions of CD11b+CD14-CD15+ (or CD66b+) for PMN-MDSCs and
CDI11b+CD14+HLA-DRlow/-CD15- for M-MDSCs were recently proposed with functional
demonstration of immunosuppressive capacity by T-cell suppression assay recommended to
confirm MDSC identification (Bronte et al., 2016). MDSCs are significant contributors to the
tumor immune evasion and host tumor tolerance, making them, along with cytokine mediators,
attractive targets for therapeutic interventions (Gabrilovich and Nagaraj, 2009). However, to
date, only a few studies have been published on MDSCs in dogs, which has limited the ability to
investigate these cells as a target in this model.

Immunotherapy remains a crucial therapeutic option in the treatment of melanoma in
humans and many different modalities have been used in the effort to improve outcomes
(Lindsay et al., 2015). Similarly, the immunotherapy strategies used in canine patients with
melanoma have been varied, with the majority using active specific immunity, through the
administration of vaccines (Alexander et al., 2006; Bergman et al., 2003; Dow et al., 1998;
Finocchiaro et al., 2015; Helfand et al., 1999, 1994; Hogge et al., 1999; MacEwen et al., 1999,
1986; von Euler et al., 2008; Watanabe et al., 2010). Previous work has shown the melanoma
cell surface disialoganglioside GD3 to be highly expressed in canine melanoma cell lines and
that a disialoganglioside GD3-based vaccine was well tolerated and induced appropriate innate
and adaptive immune responses in normal dogs [2]. The tumor promoting capabilities of
MDSCs and the MCP-1/CCR2 pathway make them attractive targets for therapeutic
interventions and mitigating their effects may help improve responses immunotherapy.

In order to investigate these cells as a therapeutic target, further characterization of
MDSCs and their role in individual canine cancers has been determined as described herein. The
discoveries herein identified and characterized major changes in MDSC subsets using flow

cytometry protocol, using commercially available antibodies in matched normal dogs and dogs

10
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with cutaneous and digital melanoma. A feasibility study recapitulated the published protocol
and established a baseline for future immunotherapeutic interventional studies. In addition,
changes in MDSC subsets were compared overtime in response to the administration of the
GD3-based vaccine embodiments described herein in the absence of additional cytotoxic cancer
therapy. Lastly, the serum expression profiles of the chemokine MCP-1 and cytokines GM-CSF
and IL-10, were assessed along with any correlation of their level in response to the
administration of the GD3-based vaccine embodiments.

As aforementioned, MDSCs have been identified herein as a valuable target to improve
immunotherapy outcomes. Current information regarding MDSCs in canines is minimal, limiting
their use as translational model for the study of MDSCs. Herein, characterization of major
MDSCs subsets (monocytic and polymorphonuclear) and the cytokines granulocyte-macrophage
colony-stimulating factor (GM-CSF), interleukin 10 (IL-10) and monocyte chemoattractant
protein-1 (MCP-1) in canines with malignant melanoma has occurred in order to evaluate
changes in MDSCs and the cytokines over time in response to a GD3-based active
immunotherapy.

Immunotherapy is currently a major field of research in the treatment of cancer, with the
goal of using the immune system to prevent tumor development or reject a tumor once
development has occurred. The greatest challenge of immunotherapy is that tumors develop in
spite of the immune system, which is thought to be, in part, due to an immunosuppressive tumor
microenvironment that prevents effective infiltration of immune cells (Tikoo and Haass, 2015;
Vesely et al., 2011). Counteracting the immunosuppressive tumor microenvironment is a
potential way to hinder mechanisms of tumor evasion and to improve the efficacy of
immunotherapy. MDSCs have recently emerged as one of these key players (Tcyganov et al.,
2018; Tsai et al., 2014). Embodiments herein use the flow cytometry protocol in whole blood
samples from dogs with melanoma to compare changes in MDSC subsets and potential
influential cytokines overtime in response to the administration of a GD3-based vaccine

embodiment in the absence of additional cytotoxic cancer therapy.

Embodiments described herein include a GD3-antigen vaccine combined with a liposome
containing MPL (monophosphoryl lipid A), wherein MPL is a primary constituent of the
liposome. The vaccine embodiment provides a cancer vaccine that can be delivered during

chemotherapy treatment to stimulate the immune system.
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In one embodiment, for example, an intradermal vaccination containing GD3 and
adjuvants has been designed. The vaccine embodiment includes CpG oligodeoxynucleotide
(CpG-ODN) sequences and an adjuvant to target toll-like receptors (TLR) of the innate immune
system. The inclusion of CpG-ODN sequences and an increased GD3 concentration in the
vaccine results in an increase in the inflammation response at the injection site.

As described in a study herein, GD3 IgG and IgM antibodies in vaccinated dogs showed
increasing titers over time. Cell-mediated cytotoxicity was only detected in peripheral blood
mononuclear cells from vaccinated dogs. Combining the tumor antigen GD3 (a known weak
self-antigen) with an adjuvant resulted in overcoming tolerance by an innate and adaptive
immune response.

The GD3-antigen vaccine is particularly beneficial against melanomas, and in
osteosarcomas where surgery and chemotherapy are standard of care treatments. The nanosized
MPL liposome containing GD3 antigen provides increased stabilization, at least in part as a
result of a zeta potential of at least negative 17, resulting in a stable nanoliposome.

Lipid and glycolipid mediators are important messengers of the adaptive responses to
stress, including apoptosis. In mammalian cells, the intracellular accumulation of ganglioside
GD3, an acidic glycosphingolipid, contributes to mitochondrial damage, a crucial event during
the apoptotic program. GD3 is a minor ganglioside in most normal tissues. Its expression
increases during development and in pathological conditions such as cancer and
neurodegenerative disorders, providing a target for use in treatment or prevention of these
illnesses.

The vaccine compositions described herein are useful for administration to mammals,
particularly humans, to treat and/or prevent and/or control a cancer, particularly a sarcoma or
melanoma neoplasm. In some embodiments, the subject may include a mammal, in particular a
human, and further, in some non-limiting embodiments a human diagnosed with or at risk for
developing a neurodegenerative disorder, a cancer, including a brain tumor, a melanoma or a

sarcoma in some examples.

Vaccine compositions containing the gangliosides as described herein may be
administered to a patient suffering from a cancer, or a patient at risk of suffering from cancer. In
therapeutic applications, gangliosides (GD3) and liposomal MPL and/or nucleic acid

compositions are administered to a patient in an amount sufficient to elicit an effective innate
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and/or adaptive immune response to the cancer antigen, or more particularly, the cancer idiotype,
and to at least partially arrest or slow symptoms and/or complications. An amount adequate to
accomplish this 1s defined as “therapeutically effective dose or amount.” Amounts effective for
this use will depend on, e.g., the particular composition administered, the manner of
administration, the stage and severity of the disease being treated, the weight and general state of

health of the patient, and the judgment of the prescribing physician.

In at least some embodiments described herein, the gangliosides include ceramide,
ceramide and oligosaccharide with one or more sialic acids linked on the sugar chain, MPL and

CpGs which are ODNs (unmethylated CpG dinucleotides).

The vaccine composition embodiments of the invention may also be used purely as
prophylactic agents. Generally, the dosage for an initial prophylactic immunization generally
occurs in a unit dosage range. In one specific, non-limiting example, the dosage may include
approximately 300 ul of MPL, 150 pl GD3 (GD3 may include 150ul of a Img in 1ml water
solution) and 26.8ul CPG ODN (CpG ODN may be 26.8 ul of Smg in a 1ml water solution) in
one dose, or in multiple sub-parts in non-limiting embodiments. Therefore, MPL makes up
greater than 60% of the MPL - GD3- CpG ODN combination, in one embodiment, and as such,

18 a primary constituent of the vaccine composition described herein.

The immunogenicity of the vaccine may be assessed by measuring the specific activity of
GD3 specific antibodies (IgG and IgM) obtained from a sample of the patient's blood (Milner
2006). An in vitro cytotoxicity assay was performed using peripheral mononuclear cells
(PBMCs) from vaccinated dogs which showed killing of melanoma cells in vitro. In addition, it
was shown that the GD3-based vaccine increases natural killer cells (NKT) in a murine C57BL/6
melanoma model when compared to controls (AACR Milner 2018). NKT cells are identified as
the effector cells (cancer killing cells) in cancers associated with lipid antigens such as GD3. In
addition to immunological end points, the primary tumor size over time, time to metastasis, and
overall survival were measured using standard imaging methods known in the art, including, for

example,. X-ray studies, CT and ultrasound.

The dosage for an initial therapeutic immunization generally occurs in a unit dosage over

weeks to months and may be administered depending upon the patient's response and condition
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as determined by measuring GD3 specific antibodies (IgG and IgM) obtained from a sample of

the patient's blood as described above.

The compositions of the present invention may be employed in serious disease states
including life-threatening or potentially life-threatening situations. In such cases, as a result of
the minimal amounts of extraneous substances and the relative nontoxic nature of the
compositions of the invention, it is possible and may be desirable to administer substantial

excesses of these compositions relative to these stated dosage amounts.

The compositions for therapeutic treatment are intended for parenteral, topical, oral,
intrathecal or local administration. Preferably, the compositions are administered parentally, e.g.
intravenously, subcutaneously, intradermally, or intramuscularly. Thus, the invention provides
compositions for parenteral administration which comprise a solution of the gangliosides
dissolved or suspended in an acceptable carrier, preferably an aqueous carrier. A variety of
aqueous carriers may be used, e.g. water, buffered water, 0.8% saline, 0.3% glycine, hyaluronic
acid and the like. These compositions may be sterilized by conventional, well-known
sterilization techniques, or may be sterile filtered. The resulting aqueous solutions may be
packaged for use as is, or lyophilized, the lyophilized preparation being combined with a sterile
solution prior to administration. The compositions may contain pharmaceutically acceptable
auxiliary substances as required to approximate physiological conditions, such as pH-adjusting
and buffering agents, tonicity adjusting agents, wetting agents, preservatives, and the like, for
example, sodium acetate, sodium lactate, sodium chloride, potassium chloride, calcium chloride,

sorbitan monolaurate, triethanolamine oleate, etc.

A human unit dose form of the GD3/MPL composition embodiments described herein is
typically included in a pharmaceutical composition that comprises a human unit dose of an
acceptable carrier, preferably an aqueous carrier, and is administered in a volume of fluid that is
known by those of skill in the art to be used for administration of such compositions to humans
(see, e.g., Remington's Pharmaceutical Sciences, 17" Edition, A. Gennaro, Editor, Mack

Publishing Co., Easton, Pa., 1985).

The composition embodiments described herein may be administered via liposomes
which serve to target the GD3/MPL or other composition embodiments to a particular tissue,

such as lymphoid tissue, or to target selectively to infected cells, and/or to increase the half-life
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of the composition. Liposomes may include emulsions, foams, micelles, insoluble monolayers,
liquid crystals, phospholipid dispersions, lamellar layers and the like. In these preparations, the
ganglioside to be delivered 1s incorporated as part of a liposome, alone, or in conjunction with a
molecule which binds to a receptor prevalent among cancer cells. Thus, liposomes either filled or
decorated with a desired ganglioside as described in embodiments herein, i.e., GD3, and MPL is
delivered to an antigen presenting cell (APC), such as a dendritic cell (i.e., Langerhans cell
(LC)). The APC thereafter presents the GD3 to the immune system via CD1b, which then
activate INKT cells. These iNKT cells travel to the cancer cell which expresses GD3 and
stimulates a cell killing effect on the cancer cell. Liposomes for use in accordance with
embodiments described herein invention may be formed from standard vesicle-forming lipids,
which generally include neutral and negatively charged phospholipids and a sterol, such as
cholesterol. The selection of lipids is generally guided by consideration of liposome size, acid
lability and stability of the liposomes in the blood stream. A variety of methods are available for
preparing liposomes, as described in, e.g. Szoka, et al., Ann. Rev. Biophys. Bioeng. 9:467 (1980),
and U.S. Pat. Nos. 4,235,871, 4,501,728, 4,837,028, and 5,019,369. In alternative embodiments,
novel methods for forming liposomes according to inventive concepts described herein are
provided. In particular, there are described methods for forming novel nano-liposomes for use in

the compositions discussed herein for administration to a subject.

For targeting cells of the immune system, a ligand to be incorporated into the liposome
can include, e.g., antibodies or fragments thereof specific for cell surface determinants of the
desired immune system cells. A liposome suspension containing a composition as described
herein may be administered intravenously, locally, topically, or otherwise in a dose which varies
according to, inter alia, the manner of administration, the composition being delivered, and the

stage of the disease being treated.

For solid compositions, conventional nontoxic solid carriers may be used which include,
for example, but are not limited to, pharmaceutical grades of mannitol, lactose, starch,
magnesium stearate, sodium saccharin, talcum, cellulose, glucose, sucrose, magnesium

carbonate, and the like.

In one embodiment, a vaccine composition for enhancing production of antibodies

against disialoganglioside GD3 is provided. The composition may include an admixture of an
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effective amount of disialoganglioside GD3 to enhance antibody production in a subject; and an
effective amount of an adjuvant comprising monophosphoryl lipid A (MPL). In a further
embodiment, the composition may include an effective amount of a CpG oligodeoxynucleotide
(CpG-ODNy). In yet a further embodiment, the adjuvant targets toll-like receptors (TLRs) in the
subject in activation of the adaptive and/or innate immune system.

MPL has an ability to activate antigen presenting cells and induce cytokine cascades.
MPL has also been shown to activate monocytes and macrophages (3). By activating these cells,
vaccine antigens are more readily phagocytized, processed and presented. MPL also directly
stimulates the production of the T helper cell type 1 (Th1) cytokines IL-2 and interferon gamma.
In some non-limiting embodiments, the composition may be provided wherein MPL is the

primary constituent.

The vaccine composition or admixture embodiments described herein may be
administered subcutaneously, intracutaneously, intradermally, intravenously, intraarterially,
intratumorally, parenterally, intraperitoneally, intramuscularly, intraocularly, intraosteally,
epidurally, intradurally, and the like. Often, the most common routes of vaccination are
subcutaneous (SC), intradermal (ID), intravenous (IV), intratumoral (IT) and intraperitoneal (IP).
For the embodiments described herein, intradermal injection is the most effective. Local
inflammation causes local immunostimulation which later develops into a systemic immune
response. This is much less likely to happen at intramuscular or even subcutaneous injection. To
the extent that the vaccines are compatible with buffers and/or pharmacologically acceptable
salts these can be prepared in aqueous solution suitably mixed with one or more additives. Under
ordinary conditions of storage and use, these preparations may include limited amounts of a

preservative and/or an antibiotic to prevent the growth of microorganisms.

Moreover, in some embodiments, the composition may include an oil-in-water emulsion.
Emulsions may cause tissue damage at the site of injection, resulting in non-specific
inflammation, attraction of macrophages, and the inception of the immunological cascade.
Antigens associated with oil droplets in the emulsion become more particulate in nature.
particulates are more readily trapped in the lymph node and taken up by macrophages and

dendritic cells, leading to enhanced antigen presentation. MPL complements and enhances the
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adjuvant activity of an oil-in-water emulsion due to its amphiphilic nature, by associating with
the oil droplets and distributing along the oil and water interface. In a further embodiment,
the o1l in water emulsion includes liposomes that include the MPL.

The liposomes described herein may include a size of 139.9 SD + 57nm. In some non-
limiting embodiments, the liposomes include a zeta potential of negative 20-10 mV, in another
embodiment, the zeta potential may be negative 17.32 + 3.02mV.

Other embodiments described herein include a method of treating a cancer, for example,
a melanoma and/or a sarcoma in a subject, comprising vaccinating a subject by administering to
the subject an effective amount of the vaccine composition described herein in embodiments,
wherein the vaccine composition is effective to produce antibodies against disialoganglioside
GD3. The administration may occur in conjunction with a chemotherapy treatment regimen in
the subject. In some examples, administration in conjunction with chemotherapy treatment may
include within 24-72 hours of chemotherapy treatment, which may include the 24-72 hours prior
to chemotherapy treatment, or 24-72 hours after chemotherapy treatment. In conjunction also
includes administration which occurs during chemotherapy treatment.

In one embodiment, the administration may include at least four vaccinations. In another
embodiment, the administration may include at least three vaccinations. In yet another
embodiment, the administration may include at least two vaccinations. The administration may
occur at multiple administration sites on the subject. In some examples, multiple-site
administration may be provided to identify local reactions at the administration sites. The
administration sites, in one example, may occur at sites with easily accessible draining lymph
nodes for fine needle aspirate sampling. In non-limiting examples, the sites may include the left
shoulder, right shoulder, and one gluteal administration site.

In another embodiment, a method of producing a GD3-liposome composition is provided.
In a particular embodiment, the liposome comprises a nanoliposome. In one embodiment, the
method includes obtaining a liposome composition wherein the liposome composition comprises
monophosphoryl Lipid A containing liposomes and combining an effective amount of a
disialoganglioside GD3 self-antigen and CpG ODN to the liposome composition. The nano-
liposomes in the emulsified composition may have a size of 139.9 SD + 57nm, in one
embodiment. In another embodiment, the nano-liposome in the composition may include a mean

Zeta-potential of -17.32 +. 3.02mV.
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In another embodiment, the method of producing a GD3-liposome composition may
further include producing the liposome composition by combining amounts of Lipid A, squalene,
lecithin, Tween 80 and water to form a mixture; and sonicating the mixture for a time sufficient
to form an emulsion. In yet another embodiment, the method may include storing the liposome

composition for at least 24 or 48 hours before combining with GD3 and CpG-ODN.

Materials and Methods

Materials and Methods for Example 1

In embodiments described herein, preparation of the novel nanolipo-GD3 composition
includes MPL (Sigma Aldrich, St. Louis, MO (L6895), Smg bottle), CPG-ODN (Alpha
Diagnostics, San Antonio TX (ODN2007-5)) Type B) and GD3 (Matreya LLC, State College
PA, (SPL1504, GD3 NH4+ salt). The MPL formulation is prepared [4] and sonicated. The
nanolipo-GD3 immunotherapy is prepared fresh at the time of vaccination, in some
embodiments, by combining the constituents (300 ul of MPL, 150 ul GD3 and 26.8 ul CPG
ODN 2007). The composition comprising the prepared emulsion (476.8ul) may be administered
intradermally. In some embodiments, the administration may occur at three separate sites (for
example, left & right shoulder and left gluteal area). The three separate administration sites
provides the ability to follow local reaction at vaccination sites and with easily accessible

draining lymph nodes for fine needle aspirate sampling, as needed.
Preparation of liposomes

Squalene and lecithin combination (SQ+L) is made by adding 600mg lecithin to 5 ml
squalene. 500 uL SQ + L is added to 5 mg of Lipid-A powder (Sigma Aldrich, St. Louis, MO
(L6895)) plus (4.5 ml H20 plus Tween 80 [250uL]) giving MPL. The mixture is then sonicated
and refrigerated [4].

Normal dog Trial (2006)

In normal dog trials, the vaccine embodiments included a RIBI adjuvant. Dogs showed
local reactions from the adjuvant and showed a GD3 specific IgM and IgG response. As a result

of these trials, no autoimmunity was seen, and no evidence of depigmentation was found.
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Further studies were conducted with dogs with melanoma and osteosarcoma and included the

MPL adjuvant described in embodiments herein.

Materials and Methods for Example 2

B16-F10 mouse melanoma cell line in C57/BL6 mice provides a syngeneic model of
spontaneous highly metastatic tumor. As shown in the diagram of FIG. 13, three groups of mice
were injected with B16 melanoma cell lines. Only one group received the GD3 based vaccine,
the other groups were a control group and a-galactosylceramide (a-GalCer), a potent and specific
activator of mouse and human iNKT cells. These C57BL/6 mice were vaccinated weekly for 4
weeks followed by a week of rest (see FIG. 13). Mice where then euthanized to collect, blood,
liver, and spleen for evaluation of NKT cells. Liver lymphocytes were collected by making
mono-cellular suspension of liver obtained after enzymatic digestion. Collected lymphocytes
were stained for CD3, CD4, TCRB, NK1.1, CD49b and dead cells. In these experiments
untreated and o-galactosylceramide (0-GalCer) treated mice were used as controls. Tumor size

and mass was only recorded.

Proof of similar target the expression (GD3) on mouse, human and canine melanoma cell
was documented FIG. 14 using flow cytometry. Mice treated with the subcutaneous injections of
the GD3 adjuvant vaccine showed an increase in NKT cells
(NK1.1+CD49b+CD3+CD4+TCRb+) in the liver but failed to show an increase in the spleen
and blood when compared with the untreated mice (See FIG. 15A). The mice treated with o-
GalCer also showed an accumulation of NKT cells in the liver; however, the increase in the
livers obtained from vaccine-treated mice was 5-10-fold higher compared to the o-GalCer
treated mice (see Fig 15B). A serendipitous finding of statistical differences in tumor weight and
size between male and female mice (see FIGS. 16B-C) in the GD3 vaccine group compared to
controls was found at necropsy. Interestingly a survival difference between the sexes was also
noted to GD3 vaccine in the naturally occurring mucosal melanoma (2), with sterilized females

living longer than neutered male dogs (see FIG. 16A).

It has been shown herein that combining GD3 with nano-liposome results in increase in

INKT cell in mice over time. iNKT cells are specific to the immune response to GD3 (see Rowan
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J. Milner. A protective GD3-based vaccine increases NKT-cells in a C57BL/6 murine model. In:
Proceedings of the Fourth CRI-CIMT-EATI-AACR International Cancer Immunotherapy
Conference: Translating Science into Survival; Sept 30-Oct 3, 2018; New York, NY.
Philadelphia (PA): AACR; Cancer Immunol Res 2019;7(2 Suppl): Abstract nr A204).

Materials and Methods for Examples 3-4

Vaccine Trials
Melanoma Vaccine Trial: Vaccine protocol

In phase I, 65 dogs were enrolled (Table 5) and were vaccinated monthly for 3 times
(intradermally) at 3 different sites. CBC and serum and staging radiographs and immune
monitoring were done. Follow up was done at one-month post vaccinations and then every 6
months until progression. The trial accrued mainly Stage III oral high-grade melanoma (70%).

In phase IT 65 dogs were enrolled (Table 5) and vaccinated monthly for 4 times
(intradermally) at 4 different sites. CBC and serum and staging radiographs and immune
monitoring were done. Follow up was done at one-month post vaccinations and then every 6
months until progression. Similar to the trial accrued mainly Stage III oral high-grade melanoma
(70%).

In phase I1I (open ended), 400 dogs were enrolled (Table 5) and vaccinated monthly for 4
times (intradermally) at 4 different sites followed by 6 monthly boosters. CBC and serum and
staging radiographs and immune monitoring were done. Follow up was done one month post
initial vaccinations and then every 6 months for a booster until progression. Similar to the trial

accrued mainly Stage III oral high-grade melanoma (70%).

Osteosarcoma Vaccine Trial: Vaccine protocol

The osteosarcoma vaccine protocol 1s shown in FIG. 5. The osteosarcoma vaccine trial
included two phases. The vaccine group included 25 dogs (n=25). In Phase I, all osteosarcoma
dogs underwent amputation followed by a first dose of carboplatin, which was followed by a
GD3 vaccination (x4) 2 weeks post carboplatin. The dogs were followed similar to the

melanoma cases with regards to staging and other conditions.
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In phase I all osteosarcoma dogs underwent amputation followed by the first dose of
carboplatin, which was followed by a GD 3 vaccination (x6) 2 weeks post carboplatin. The dogs
were followed similar to the melanoma cases with regards to staging and other conditions.

Results of the osteosarcoma vaccine trial are shown in FIGS. 6-9.

Materials and Methods for Examples 5-9

Study populations

Canine patients were prospectively enrolled into two group populations. The first patient
group consisted of dogs with a cytologic or histopathologic diagnosis of oral, digital or
cutaneous melanoma (melanoma population, abbreviated as MM). Additional inclusion criteria
for the melanoma population were staging within two weeks of study entry with chemistry, CBC,
urinalysis, three view thoracic radiographs, and regional lymph node aspirates when obtainable,
and an expectation of a minimum of 4 months survival time. All patients were staged at study
entry according to the World Health Organization (WHO) scheme for dogs with oral melanoma
(Table 1) (Owen, 1980). Patients with stage I-IV disease were eligible for melanoma population

enrollment.

Additionally, tumors were coded for mitotic index (MI), defined as the number of mitotic
figures per 10 high power fields, as either high MI or low MI. Based on previously published
information, cutoffs of MI > 4 for oral/mucocutaneous tumors and MI > 3 for cutaneous/digit
tumors used to define high MI tumors (Smedley et al., 2011). Exclusion criteria included the use
of any immune modifying drug (e.g. prednisolone, nutraceutical e.g. Aloe vera, preexisting
endocrine disease e.g. hyperadrenocorticism), the presence of any other preexisting cancer other

than melanoma or of any active infection.

The second group consisted of age, weight and sex matched dogs belonging to faculty
and staff of the hospital and determined to be clinically healthy based on physical exam, CBC
and no reported history of neoplasia (control population). Exclusion criteria included known
systemic disease, including but not limited to preexisting endocrine disease or active infection
and current or recent (within 1 month) use of any prescribed medications or nutraceuticals,

including NSAIDS but excluding preventatives (e.g flea, tick and heartworm prevention).
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Vaccine preparation and administration

The vaccine was prepared from the commercially available reagents monophosphoryl
lipid A from Salmonella enterica serotype minnesota Re 595 (MPL) adjuvant (Sigma, MS, USA
[Product no. L6893]), oligodeoxynucleotides containing cytosine-phosphate-guanine (CpG)
oligodeoxynucleotide sequences (CpG-ODNs) (Alpha Diagnostic International, TX, USA
[Catalog number ODN2007] CpG-ODN sequence 5°-TCG TCG TTG TCG TTT TGT CGT T-
37) and GD3 (Matreya LLC, Pleasant Gap, PA, USA [Catalog number 1504]) as previously

describe (Milner et al., 2006). Vaccine preparation was performed just prior to administration.

The vaccine was administered intradermally to the melanoma population every 4 weeks
for a series of four injections. Three separate vaccination sites were used in rotation as follows:
the left shoulder at week 0, right shoulder at week 4, right gluteal region at week 8§ and left
shoulder at week 12. Separate vaccination sites were chosen to allow for monitoring of any acute
cutaneous reaction secondary to the vaccine administration or any subsequent skin complications

should they occur.
Sample collection

Blood was collected at each vaccine time point and at a restage visit 1 month after the 4th
vaccine in the melanoma population. For the normal control population blood samples were
collected at a single time point. All blood samples were collected by jugular venipuncture and
divided into a serum separator tube and heparin tube. Serum was allowed to clot for at least 30
minutes before centrifugation at 1640 g for 8 minutes, then aliquoted into two samples and
initially frozen at -20°C before transfer to -80°C for long term storage until batched use for
cytokine analysis. Heparinized whole blood was used for flow cytometry analysis with all
samples processed within 24 hours of collection. Heparinized blood samples were stored at 4°C

until processing if processing was delayed for greater than 1 hour.
Flow cytometric analysis

The flow cytometric analysis was based on a published protocol (Goulart et al., 2012)
which defined the polymorphonuclear myeloid-derived suppressor cell (PMN-MDSCs) subset as
the CD11b+MHCII-CD14- cell population, and the monocytic myeloid-derived suppressor cell
(M-MDSCs) subset as the CD11b+MHCII-CD14+ cell population. For the MDSC subset
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evaluation, whole blood samples were incubated with primary unconjugated mouse anti-dog
CD11b antibody (AbD Serotec, clone CA16.3E10) or mouse IgG1 isotype control (AbD Serotec)
and then RPE-conjugated Rabbit F(ab’) anti-mouse IgG (AbD Serotec) secondary antibody for

30 min per incubation.

All incubations were performed at 4°C in the dark, unless otherwise stated. Following
indirect staining, cells were washed and stained with FITC-conjugated rat anti-dog MHCII (AbD
Serotec, clone YKIX334.2) and Alexa fluor 647- conjugated mouse anti-human CD14 antibody
(AbD Serotec, clone TUK4) or isotypes controls (AbD Serotec) for 30 min according to
manufacturer’s protocol. The anti-CD11b and anti- MHCII clones are marketed as canine
targeted by their manufacturer, as well as having shown reactivity in several previous studies
(Brodersen et al., 1998; Goulart et al., 2012; Lana et al., 2006; Rao et al., 2011). The anti-CD14
clone has shown canine cross reactivity in several previous studies (Goulart et al., 2012;
Jacobsen et al., 1993; Lana et al., 2006). Cells were then washed twice before erythrocytes were
lysed with BD Pharmlyse red cell lysis buffer (BD, Franklin Lakes, NJ USA) and incubated at
room temperature for 25 minutes in the dark. Antibody-labeled cells were then washed twice,
fixed with 4% paraformaldehyde at room temperature for 20 minutes before a final wash was
performed to remove excess paraformaldehyde prior to being re-suspended in the FACS buffer
for flow cytometry analysis. Unstained and single stained samples were prepared for each patient

for negative and compensation controls, respectively.

Samples were analyzed on a Becton Dickinson Canto three-laser flow cytometer (BD,
Franklin Lakes, NJ USA) and 100,000 events were collected per sample. Quality control was
performed daily at initial startup using manufacturer’s setup beads (BD, Franklin Lakes, NJ,
USA [Catalog number 642412]). Acquisition gate was set to exclude RBC/dead cells.
Compensation was set based on single stained samples and unstained control. Post collection
analysis was performed with FlowJo Single Cell analysis software (Tree Star, Ashland, OR,
USA). Analysis gates were set based on unstained controls. For flow cytometry gating of
populations forward scatter (FSC) versus side scatter (SSC) acquisition gate was first set to
exclude dead cells. FSC-Area versus FSC-Height was used to exclude doublets and identify the
single cell population. Next, CD11b versus MHCII was used to identify the CD11b+MHCII-
population, which was then gated as CD11b versus CD14 to identify the CD11b+MHCII-CD14+
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(putative M-MDSC) and CD11b+MHCII-CD14- (putative PMN-MDSC) populations (Goulart
et al., 2012). The numbers of putative PMN-MDSCs and putative M-MDSCs were calculated as

percentages of the single cell population.
Cytokine measurement

Serial serum concentrations of GMCSF, IL-10 and MCP-1 were measured using a
customized Milliplex MAP Canine cytokine/chemokine kit (CCYTOMAG-90K, EMD Millipore
Corporation, Billerica, MA, USA) according to the manufacturer’s instructions, with internal
quality control. Overnight incubation at 4[JC and a magnetic plate washer were used. All
samples, standards and quality controls were analyzed in duplicate. Plates were read using Bio-
Plex® MAGPIX™ multiplex reader and accompanying Bio-Plex Manager Software version 6.1
(Bio-Rad Laboratories, Hercules, CA, USA). Intra-assay and inter-assay coefficients of variation
as well as minimum detectable concentrations can be viewed online at

http://www.millipore.com.

A single canine melanoma cell line (Remi) was trypsinized from T735 flasks and counted
using trypan blue exclusion dye. Live cells (1x106) were spun down at 250 x gravity in Falcon
#2052 tubes (BD, Franklin Lakes, NJ, USA). The supernatant was removed and partitioned into
four aliquots, frozen initially at -20JC and then transferred to -80°C for long term storage until

cytokine kit analysis was performed.
Statistical analysis

Quantitative differences between the two groups were analyzed using unpaired, two-
tailed Student’s t test or the non-parametric Wilcoxon rank-sum (Mann-Whitney) test, if data
was not normally distributed. Differences between > 2 groups were analyzed using ANOVA on
ranks. For comparing percent MDSCs at vaccine time points a one-way ANOVA on repeated
measures was used. Chi- squared analysis was used for comparison of categorical data. For
statistical analysis of cytokines the Mann-Whitney Rank Sum Test was used, the concentration
was adjusted to the minimum detectable concentration listed by the manufacturer when sample
concentration results produced values 0.0 pg/mL. All analyses were performed with Sigma-Plot
software (SigmaPlot for Windows, version 13; Systat Software, Erkrath, Germany) and a p-value

<0.05 was considered to be statistically significant.
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Patient characteristics

Thirty-three dogs were enrolled in the melanoma population including 19 neutered males and
14 spayed females with a mean population age of 10.56 years (SD + 3.43) and median weight of
27.3 kg (IQR 12.25-35.75). Thirty dogs were enrolled in the control population including 13
neutered males and 17 spayed females with a mean population age of 8.98 years (SD £ 2.75) and
median weight of 20.6 kg (IQR 12.25-29.43). Characteristics of the control (n=30) and
melanoma populations are summarized in Table 2. Represented breeds were mixed breed,
Labrador retriever, Golden retriever, Beagle, Yorkshire terrier, Miniature Schnauzer and other
breeds. There was no statistical significance between the melanoma and control populations with

regards to sex, weight, gender or age (p > 0.05).

Whole blood and serum collected from 30 healthy controls and 33 patients enrolled in the
University of Florida melanoma vaccine trial were analyzed by flow cytometry using a published
flow cytometry protocol with canine specific CD11b, MHCII and anti-human CD14 antibodies
to assess ostensibly polymorphonuclear-MDSC (CD11b+ MHCII- CD14-) and monocytic-
MDSC (CD11b+ MHCII- CD14+) subsets. IL-10, MCP-1 and both putative MDSCs subsets
were significantly elevated in melanoma dogs versus controls. Both putative MDSCs subsets
decreased significantly following GD3-based immunotherapy administration but no significant
changes in cytokines were seen over time. To our knowledge, this is the first report documenting
increased putative monocytic-MDSCs in canine melanoma. This 1s consistent with human
malignant melanoma data, supporting dogs as a valuable potential model for therapeutic
intervention studies.

Examples

Example 1: Preparation and preliminary data and of the nano-sized bilayered liposomal

immunotherapy (nanolipo-GD3)

One approach in a normal dog study was to measure the immune response elicited by an
adjuvant based GD3 immunotherapy [2]. While GD3 is expressed at higher levels in tumors than

normal tissue [3], it is considered a self-antigen and therefore requires immune enhancement to
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overcome tolerance of the body to self-antigen. As a result, an immunotherapy with an immune
enhancement has been provided herein. In the one study a hypothesis that normal dogs would
respond to what is considered a weak self-antigen (GD3) was tested. In this embodiment, the
adjuvant included CpG oligodeoxynucleotide ((CpG-ODNs) (Coley Pharmaceuticals, 2007 CpG-
ODN sequence 5'-TCG TCG TTG TCG TTT TGT CGT T-3")) sequences and RIBI-adjuvant
MPL®+ TDM + CWS Adjuvant System (Sigma, MS, USA [Product No. M 6661RIBI]), both
adjuvants known to target toll-like receptors (TLR) of the innate immune system. From a cohort
of 10 dogs, 4 were vaccinated intradermally 3 times, at 4 weekly intervals with GD3 plus
adjuvant, and 4 received only RIBI-adjuvant, and 2 phosphate buffered saline. Caliper
measurements were collected for skin reaction at the vaccination site and sera assayed for [gM

and IgG antibodies against GD3 and cell-mediated cytotoxicity against a melanoma cell line.

Results from the study found significant differences (P<0.05) between vaccine site
reactions, IgM and IgG levels and cell-mediated cytotoxicity between vaccinated and
unvaccinated dogs. The addition of CpG-ODN sequences and GD3 to the vaccine increased the
inflammation response at the injection site. From the results of this study, it was identified that
by combining the tumor antigen GD3 (a known weak self-antigen) and an adjuvant (targeting
TLR), tolerance was overcome by an innate and adaptive immune response in this population of
normal dogs. The skin reactions were significant and attributed to the adjuvant. An oil-in-water
emulsion of monophosphoryl lipid A (MPL) was substituted for RIBI-adjuvant in some
embodiments. It has also been discovered herein that emulsifying the monophosphoryl lipid A
(MPL) component of the vaccine by sonication produces a stable nano-sized particle of 139.9 SD

+ 57 nm (see FIG. 1). The stability of these nanoparticles has been confirmed via stability tests.

The nano particle was further explored with cryo electron microscopy which resulted in
identification of a bi-lipid layered liposomal (see FIG. 2). Incorporation of MPL as a primary
constituent in a liposome 1s a novel discovery identified herein [4-6]. Enhanced stabilization of
the nano-sized liposome in embodiments provided herein is provided by the mean potential
negative 17.32 £. 3.02mV zeta potential, contributing to the uptake of the liposome by antigen
presenting cells. As a result of the zeta-potential, providing stabilization in emulsion and

protection against aggregation, the liposome embodiments described herein are stable. [6].
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Example 2: A protective GD3-based vaccine increases NKT cells in a C57BL/6 murine model

NKT cells are capable of producing different cytokines and chemokines to regulate the
overall immune system. After their discovery two decades ago, activation of NKT cells have
shown to have a crucial protective role in various infectious, and non-infectious diseases. These
cells form a bridge between the innate and adaptive immune cells. The activation and
maintenance of these cells are dependent upon the presentation of lipid molecules on CD1
receptors by dendritic cells. Since the target antigen in the vaccine is a lipid (GD3) it 1s very
likely it would be presented on CD1 receptors for the activation of NKT cells. Due to the lack of
validated and suitable canine CD1 receptor reagents we were unable to define the mechanism
behind the hypothetical protection found in the canine GD3 based vaccine (1). In the murine
model NKT cells are well characterized, and provided us with an opportunity to understand the
possible selective activation of NKT cells by the GD3 based vaccine. Our data found an increase
in NKT cells in the liver for mice vaccinated with GD3 and a -GalCer, but no discernable
differences were found in blood and spleen between vaccinated mice and normal controls.
Further investigation using the B16 melanoma cell line in C57BL/6 mice vaccinated with the
GD3 vaccine and suitable controls may identify the NKT response in the tumor

microenvironment.

While the GD3-based vaccine and a-GalCer both increased NKT cells in the murine
liver, GD3 increased NKT counts 5-10 fold over o -GalCer. In addition, monitoring changes in

NKT numbers in the peripheral blood may not be of benefit due to low cell counts.

See FIG. 14 showing GD3 expression on human, canine and mouse (B16) melanoma
cells. A375, CML-2 and B16 melanoma cells were stained for the presence of GD3. B16
melanoma cells were incubated with an anti-GD3 antibody (Clone R24) (red line) and compared
the staining with B16 cells stained with the FITC-tagged anti-mouse secondary antibodies (grey).

The stained cells were analyzed with BD Canto and FlowJo 10v.

C57BL/6 mice were injected with GalCer (IP) or GD3-based vaccine (subcutancously)
four times weekly. One week post last vaccination, mice were euthanized as per IACUC protocol
and Natural Killer T cells were evaluated in blood, spleen, and liver by staining the isolated cells
with anti-CD45, CD3, CD4, TCRb, CD49b and NK1.1 antibodies. The stained cells were

analyzed on BD Fortessa and FlowJo 10v. (A) A representative dot plot shows an increase in
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NKT cells in liver but not in blood and spleen (data not shown). (B) A compiled NKT cells data

showing a significant increase in the liver of vaccinated mice. n=4, *<P0.03, **<P0.01 as shown

in FIG. 15.

10° B16 melanoma cells were implanted subcutaneously in C57BL/6 male or female
mice at left flank with Metrigel. A group of these mice received GD3-based vaccine
subcutaneously at the sternum weekly, a day after the tumor implantation, for two weeks. Two
weeks post-implantation, mice were euthanized and tumor size was measured. FIG. 16A shows

the tumor size in male mice FIG. 16B shows the tumor size in female mice as a result. n=5,

*<P0.03, ****<P0.0001

Example 3: IgG and IgM specific immune response to GD3 vaccination in dogs with melanoma

and normal dogs

FIG. 3 provides the results of the Melanoma Vaccine Trial where verified GD3 IgM and
IgG immune response was compared to normal dogs and results are shown in FIG. 3. A
transient increase in IgG and IgM was shown. The evidence supports a lack of memory T-cell
response, consistent with clinical cases and repeated vaccination. Four vaccines improved
survival 2-3 fold over surgery alone (Boston et al., 2014) (see FIG. 4 — Kaplan survival curve).
Significant elevation of the chemokine CCL2 (MCP-1) was found in vaccinated dogs as
compared to normal dogs. No side effects were noted. 1% of subjects may show pain on

injection (intradermal).

The Kaplan Meyer curve of FIG. 4 shows a comparison of survival times between Phase
-1 (median 356 days IQR 1492-166 days) and Phase-2 median (1163 days IQR +inf - 210 days
(P=0.046). Circles represent censored data (IQR — interquartile range) in the Melanoma Vaccine

Trial.
Example 4: Osteosarcoma Vaccine Trial — Disease Free Survival Rates and Time to Metastasis

A schematic of the vaccine protocol for the osteosarcoma vaccine trial is shown in FIG.
5. FIG. 6 provides a graphical illustration of the disease-free interval (time to metastasis) for the

osteosarcoma vaccine trial. 5 of the cases were excluded from the results, wherein they received
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between 1-3 vaccines and failed early on. The survival data for the disease-free interval graph 1s
shown in FIG. 7. In comparison, FIG. § provides a graphical illustration of the overall survival
rates (n = 30 (-5) x 30) between the vaccine group and the control group in the osteosarcoma
vaccine trial (Phase I). Phase 1 included 25 dogs, who completed 4 vaccines, plus 4-6 rounds of
carboplatin. Eight of the twenty-five dogs were still living, ranging 450 days -1258 days (5
cases> 551 days). Maintained the median survival of 551 days (75% 221 days 25% not reached)
mean 750 days (lower CI 526 days upper CI 975 days). 14 censored — 8 still alive, 1 lost to
follow up, 5 died of other causes. FIG. 9 provides a table including the overall survival data

shown in the graph of FIG. 8.

Both RT-qPCR and RNA FISH studies were performed to identify GD3 synthase and
GD2 synthase expression. A level of GD2/GD3 in the cells correlates with the GD2/GD3
synthase which was detected with RT-qPCR and RNA-Scope (RNA FISH), and a correlation
was found in the data. GD2 and GD3 were observed in the tissue using RT-qPCR, RNA-Scope

and flow cytometry.
Example 5: Flow cytometry characterization of MDSC subsets in dogs showing baseline

The percentages of MDSC:s in peripheral blood of melanoma and control populations
were evaluated by flow cytometry to characterize the MDSC subsets present in each population
as characterized by Goulard et al 2012. Based on commercially available antibodies we defined
the polymorphonuclear myeloid-derived suppressor cell (PMN-MDSCs) subset as the
CDI11b+MHCII-CD14- cell population, and the monocytic myeloid-derived suppressor cell (M-
MDSCs) subset as the CD11b+MHCII-CD14+ cell population, using the gating strategy as
outlined in FIG. 10. These MDSC subsets in the melanoma population at baseline prior to the
first vaccination were compared to the control population. In both the melanoma and control
groups, M-MDSCs comprised a relatively small fraction of the overall single cell population but
were found to be significantly increased in the melanoma population versus the control
population (p <0.001) (FIG. 11A). In the melanoma population, the PMN-MDSCs comprised
the majority of the single cell population and were significantly increased compared to the

control population (p <0.001) (FIG. 11B)
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Example 6: MDSC subsets compared to stage, anatomic location and mitotic index

The melanoma population was categorized according to stage, anatomic location and
mitotic index (Table 2), which are known prognostic factors for melanoma (Smedley et al.,
2011), and then evaluated these in relation to PMN-MDSCs and M-MDSCs populations. Within
the melanoma population, there were 15 stage I dogs, 8 stage II dogs, 6 stage III dogs and 4 stage
IV dogs. There were no significant differences in MDSC subsets between any stage or between
grouped stage I/IT versus grouped stage III/IV. Twenty-five of the dogs had oral tumors, 4 had
digital tumors and 4 had cutaneous tumors. No significant differences in MDSC subsets of

patients with oral/mucocutaneous versus digit versus cutaneous locations were found.

Histopathology was available for 32 patients in the melanoma population for assessment
of mitotic index. One patient had a cytologic diagnosis only and was excluded from this portion
of the analysis. Tumors were categorized as high-MI if the MI was > 4 for oral/mucocutaneous
tumors or if the MI was > 3 for cutaneous/digit tumors, tumors below these cutoffs were
categorized as low-MI. Twenty-three dogs had high- MI tumors and 9 had low- MI. There was
no significant difference in the percentage of PMN-MDSCs and M-MDSCs for high MI tumors

versus low MI tumors.

Example 7: MDSC subset decreases with GD3-based immunotherapy vaccine administration

In order to determine whether there were any changes in the MDSC subsets in dogs with
melanoma over time following four GD3-based vaccine administrations, blood samples were
collected prior to vaccination at each of the four vaccine visits and 1 month following the fourth
vaccine. The samples were then analyzed using flow cytometry for identification and
quantification of the PMN-MDSCs and M-MDSCs. The percentage of both PMN-MDSCs and
M-MDSCs decreased significantly each time point, from the second vaccine visit through the 1
month post vaccine visit when compared to the baseline first vaccine visit ((p < 0.001 for all
PMN-MDSC time points, p = 0.003 for M-MDSC second vaccine time point and p < 0.001 for
all other M-MDSC time points), see FIGS. 11C and 11D).
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Example 8: Cytokines and chemokine profiles in the melanoma and control populations

To monitor changes in cytokines and chemokines in dogs with melanoma, serum samples
collected prior to vaccination at each of the four vaccine visits and 1 month following the fourth
vaccine were analyzed for IL-10, GM-CSF and MCP-1. The median cytokine concentration for

the melanoma and control populations at baseline are summarized in Table 3.

Serum levels of both IL-10 and MCP-1 were significantly higher at baseline in the
melanoma population compared to the control population (p = 0.046 and p = 0.035 respectively)
but not GM-CSF (p =0.354) (FIG. 12). Within the melanoma population there were no
significant differences in serum levels of GM-CSF, IL-10 and MCP-1 among the five evaluated

time points.

A pilot assessment for MCP-1 was performed using a canine metastatic melanoma cell
line (Remi) to see if tumor cells were capable of MCP-1 production and to what concentration.
The Remi cell line had an MCP-1 concentration of 577.735 pg/mL, which is similar to the

median serum MCP-1 concentration of 529.32 pg/mL seen in the melanoma population.

Example 9: Blood cell counts at study entry in the melanoma and control populations

Complete blood cell count (CBC) data was evaluated in both populations to look at the
overall cell distribution for identification of possible extreme outliers that might need to be
excluded from flow cytometry analysis. No extreme outliers were identified. We were then able
to compare the baseline CBC data collected at time of study entry for both groups and prior to
vaccination for the melanoma population, for any significant differences between the

populations. Median, mean and range for both groups are summarized in Table 4.

The median white blood cell count (WBC), neutrophil and platelet counts were
significantly higher in the melanoma population compared to the control population (p= 0.036, p
=0.002 and p = 0.025, respectively). The clinical significance of this finding is unknown as the
medians in the melanoma population for WBC (8.23 x 10*/ul with IQR 6.405-11.77), neutrophil
(5.99 x 10*/ul with IQR 4.33-7.519) and platelet counts (295 x 10*/ul with IQR 225-391.5) were

all within reference ranges. Similarly, for the control population medians for WBC (7.165 x
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10%/ul with IQR 6.405-11.77), neutrophil (4.58 x 10%/ul with IQR 4.33-7.519) and platelet counts
(230.5 x 10*/ul with IQR 225-391.5) were also within reference range. Five dogs (15%) in the
melanoma population had a leukocytosis (ranging from 13.4- 30.4 x 10*/ul; reference interval 5-
13 x 10%/ul), characterized by a mature neutrophilia (ranging from 9.24-26 x10%/ul; reference
interval 2.7-8.9 x10%/ul). Eight dogs (24%) in the melanoma population has mild to moderate
thrombocytosis (ranging from 402-709 x 10°/ul; reference interval 134-396 x 10%ul). There
were no significant differences in the lymphocyte, monocyte, eosinophil or basophil counts

between both group populations.

The mean red blood cell count (RBC) and median hematocrit were significantly lower in
the melanoma population when compared to the control population (p = 0.007 and p =0.014,
respectively). The mean RBC for the melanoma population (6.556 x 10%ul with SD + (.879) and
for the control population (7.139 x 10%ul with SD + 0.777) remained within the reference
interval. Similarly, the median hematocrit in the melanoma (44.4% with IQR 40.3-49.9) and
control populations (48.25% with IQR 43.9-52.675) was also within the reference intervals. Four
dogs (12%) in the melanoma population did have RBC counts mildly below reference interval
(ranging from 4.69-5.64 x 10%ul; reference interval 5.7-8.3 x 10%ul) with concurrent mildly
decreased hematocrit (ranging from 33.4-39.8%; reference interval 40-56%). All of the anemias
were found to be non-regenerative with two being mildly microcytic and normochromic and two

being normocytic and normochromic.
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Table 1 Clinical staging system for oral and digital melanomas

PCT/US2020/017553

Stage Tumor size Regional node status Distant metastasis
I <2cm Negative Negative
I 2-4 cm Negative Negative
I 2-4 cm Positive Negative
>4 cm Negative Negative
v Any Any Positive

Sources: World Health Organization (Owen, 1980), (Manley et al., 2011)

Table 2 Patient characteristics for control and melanoma populations

Melanoma (n=33)

Control (n=30)

Breed

Mixed Breed

Labrador Retriever

Golden Retriever

Beagle

Yorkie

Miniature Schnauzer

Other (1 each)

14

20
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Age (years)

Mean (+ SD) 10.56 (£ 3.425) 8.98 (+ 2.75)
Sex

Male, neutered 19 13

Female, spayed 14 17

Weight (kg)

Median (range) 27.3(2.8-48.8) 20.6 (4.3-40.0)

Anatomic Location

Oral 25
Digit 4
Cutaneous 4
Stage

| 15
I 8
I 6
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Coded Mitotic Index (n=32)

High 23

Low 9

PCT/US2020/017553

Table 3 Summary of GM-CSF, IL-10 and MCP-1 concentrations (pg/mL) at baseline for the
melanoma and control populations.

Cytokine  Melanoma Control
Median IQR Range Median IQR Range p
value
GM-CSF 14136 9.2- 9.2- 35.31 9.2-209.52 9.2- 0.354
1194.63 326546.78 433,897.32
MCP-1 529.32  352.35- 216.30- 334.85  263.42- 21.0-8,886.72  0.035
655.07 3,774.48 599.76

Significant differences between cytokine groups are indicated in bold
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Table 4 Summary of Complete Blood Count (CBC) data and relevant statistics for the

melanoma and control populations at baseline.

Parameter Reference Melanoma Control p
interval value
Median Mean Range  Median Mean Range
WBC 5-13 (x 10°/uL) 8230  9.558 5.34- 7.165  7.379 2.930- 0.036
30.4 13.42
Neutrophils 2.7-8.9 (x 599 6.979 2.790- 458 4.676 1.8-9.24  0.002
10*/uL) 26.0
Lymphocytes 0.9-3.4 (x 141 1.556 0.63- 1.73 0.606 0.38-3.0 0.372
10°/uL) 3.46
Monocytes 0.1-0.8 (x 0.45 0.565 0.0-2.8 033 0.218 0.07- 0.196
10*/uL) 0.81
Platelets 134-396 (x 295 330.121 174- 230.5  257.533 136-562  0.025
10°/uL) 739
RBC 5.7-8.3 (x 6.64 6.556 4.66- 7.085 7139 5.82- 0.007
10°uL) 8.18 9.07
HCT 40-56% 4.4 44398  32.2- 48.846 47.513  41.6- 0.014
54.7 61.6

Data presented as mean, median and range. RBC = red blood cell, WBC = white blood cell, HCT=

hematocrit

Significantly different between the medians or means of the groups is indicated in bold

Table 5: Melanoma Vaccine Trial (n>500)
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CLAIMS

What is claimed is:

1. A vaccine composition for enhancing production of antibodies against
disaloganglioside GD3 or GD2, or a combination thereof, the composition comprising an
admixture of:

an effective amount of disialoganglioside GD3 or GD2, or a combination of GD3 and
GD2 to enhance antibody production in a subject; and

an effective amount of an adjuvant comprising monophosphoryl lipid A (MPL).

2. The vaccine composition of claim 1, wherein the composition further comprises an

effective amount of a CpG oligodeoxynucleotide (CpG-ODNs).

3. The vaccine composition of claim 1 or 2, wherein the composition targets toll-like

receptors (TLRs) in the subject.

4. The vaccine composition of any of claims 1-3, wherein the MPL is comprised of an oil-

in-water emulsion.

5. The vaccine composition of claim 4, wherein the oil in water emulsion comprises

liposomes that comprise the MPL.

6. The vaccine composition of claim 5, wherein the MPL is a primary constituent of the
liposomes.
7. The vaccine composition of claims 5 or 6, wherein the liposomes are comprised of a size

of 139.9 SD + 57nm.

8. The vaccine composition of any of claims 5-7, wherein the liposomes comprise a zeta

potential of negative 20-10 mV.
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9. The vaccine composition of claim 8, wherein the zeta potential is negative 17.32 +
3.02mV.
10. The vaccine composition of claim 1, wherein the composition is administered to a user in

conjunction with a chemotherapy.

11. The vaccine composition of claim 10, wherein the composition is administered within 24-

72 hours of chemotherapy.

12. A method of treating a cancer in a subject, comprising:
administering to the subject an effective amount of the vaccine composition of
claim 1,
wherein the vaccine composition is effective to produce antibodies against

disialoganglioside GD3, or GD2, or a combination thereof.
13. The method of claim 12, wherein before the administrating step, a cell sample is obtained
from the subject, and wherein disialoganglioside GD3 ganglioside, and/or GD2 ganglioside is
detected in the cells, wherein GD3 and/or GD?2 is detected in the cell sample, the subject is
treated with an effective amount of vaccine composition of claim 1.

14. The method of claim 13, wherein the cell sample comprises a cancer cell sample.

15. The method of claim 12, wherein the administration step occurs in conjunction with a

chemotherapy treatment regimen in the subject.

16. The method of claim 15, wherein the administration occurs within 12-240 hours of

chemotherapy treatment.

17. The method of claim 12, wherein the administration comprises at least four vaccinations

administered to the subject.
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18. The method of claim 12, wherein the administration comprises at least three vaccinations

administered to the subject.

19. The method of claim 12, wherein the administration comprises at least two vaccinations

administered to the subject.

20. The method of claims 10-19, wherein the administration is intradermal.

21. The method of claims 10-20, wherein administration results in an immune response of the
subject comprising one or more of a CD4+ T cell response, a CD8+ T cell response, and a B cell

response.

22. The method of claim 12, further comprising detecting the CD4+ T cell response, CD8+ T

cell response, or B cell response via ELISA assay.

23. The method of claim 12, further comprising detecting the CD4+ T cell response, CD8+ T

cell response, or B cell response via flow cytometry.

24. The method of claim 12, wherein the cancer comprises a brain tumor, a melanoma or a
sarcoma.
25. The method of claim 24, wherein the sarcoma comprises an osteosarcoma.

26. A method of producing a GD3 or GD2, or combination of GD3 and GD2- nano-liposome
composition, comprising:

obtaining a liposome composition wherein the liposome composition comprises
monophosphoryl Lipid A (MPL)-containing liposomes; and

combining an effective amount of a disialoganglioside GD3, or GD2, or a combination

thereof self-antigen and CpG ODN to the liposome composition.
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27. The method of claim 26, wherein the nano-liposomes of the liposome composition have a

size of 139.9 SD + 57nm.

28. The method of claims 26 or 27, wherein the nano-liposome of the liposome composition

comprises a mean Zeta-potential of -17.32 +. 3.02mV.

29. The method of any of claims 26-28, wherein the MPL comprises a primary constituent of

the liposomes.

30. The method of any of claims 26-29, wherein a molar ratio of MPL to liposome is at least

1:10.

231.  The method of any of claims 26-29, wherein a molar ratio of MPL to liposome is at least

1:4.

32. The method of any of claims 26-29, wherein a molar ratio of MPL to liposome is at least
1:3.
33. The method of any of claims 26-32, wherein the liposome composition is produced by

combining amounts of Lipid A, squalene, lecithin, Tween 80 and water to form a

mixture; and sonicating the mixture for a time sufficient to form an emulsion.
34. The method of any of claim 33, further comprising combining the liposome composition
of claims 26-33 with GD3 or GD2, or a combination thereof, and/or CPG-ODN after 24-48

hours post sonication.

35. The method of claim 15, wherein the chemotherapy treatment regimen comprises at least

one chemotherapeutic agent comprising a platinum-based compound.
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Figure 1: Malvern NanoSight NS300 results showing uniform distribution of the nano-liposomal particles in

the MPL emulsion.
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FIG. 2

Figure 2: Cryo-electron microscopy of the nano-liposomal particles in the

MPL emulsion showing the bi-lipid characteristic of the liposome (small box}.
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FIG. 4
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