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Abstract

The immune system has immense potential in cancer therapy as it is individ-
ualized, precision driven and robust, however, it is associated with challenges
of its own that include immune evasion, development of tolerance and a sus-
tained tumor rejection response. Recent FDA approval of several checkpoint
inhibitors, anti-CTLA4, anti-PD-1, has re-invigorated cancer immunology by
demonstrating that tolerance to cancer can be broken to induce a sustained
immune response in patients. Active immunization with multivalent tumor
associated antigens (TAA), however, is still a challenge. We have developed
two specific distinct methods to generate multivalent antigens capable of
tumor regression in prostate cancer and melanoma. In prostate cancer, we have
generated specific multivalent peptide mimetics using phage display synthetic
peptide libraries capable of metastatic tumor regression in an animal model. In
melanoma, we have used a vaccinia virus based antigen retrieval technology
to generate a multivalent antigenic vaccine. The antigenic repertoire is well
defined. A protocol for the melanoma vaccine is FDA approved for clinical
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trials. We envision defining the humoral and cellular immune response to
combine our active vaccine strategy with other treatment modalities including
approved checkpoint inhibitors anti-CTLA4 and anti-PD-1. We believe our
vaccine candidates are a new generation of immune-therapeutics that can
prolong cancer free survival and prevent secondary recurrences. Our studies
have challenged the existing paradigms to re-define cancer immunotherapy
that bridges the gap between humoral and cellular immunity by combining
active immune response with negative checkpoint inhibitors thus activating
pre-existing dormant immune response.

Keywords: cancer vaccines, peptide epitopes, vaccinia virus – antigen
retrieval.

1 Introduction

Cancer immunotherapy has come of age and is now on the verge of becoming
a mainstream therapy. The work done by Baldwin, Foley, Prehn, Main and
Klein [1–4] using chemically induced tumor immunogenicity analyses have
enabled the identification of tumor associated antigenic epitopes. Many of
these identified epitopes found their way into a clinical setting. The clinical
success was, however, limited due to the lack of our ability to launch and
sustain a robust immune response capable of eliminating cancers. Utilization
of the role of both arms of the immune system led to B cell and T cell defined
antigenic epitopes densely populating the landscape of specific cancers, war-
ranting testing against the clinical yardstick. The lack of clinically responsive
results using these cancer associated antigenic epitopes brought us back to the
drawing board, although with some significant lessons. These lessons form
the basis of present successes; however, there remains the need for further
refinement to successfully launch mainstream cancer immunotherapy. These
studies reveal that cancers are immunogenic, having multivalent epitopes and
a reasonable clinical success should target the complete repertoire of cancer
epitopes. Thus, we need to develop a method by which we can sustain an
immune response and ultimate elimination of tumors should target a positive
stimulatory pathway of both B and T cell defined antigenic epitopes and release
the tumor of its negative regulatory effects by overcoming the tumor induced
immunosuppressive environment. Our understanding of the multivalent nature
of cancer resulting from genomic instability forms the backbone of tailor-made
individualized precision medicine which seems to be the marching order of
present times.
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The generation of tumor associated antigenic epitopes is an orchestrated
activity, initiated by abnormal translational, post-translational, proteosomal
processing and/or genetic instability [5, 6]. Tumor specific antigens (TSAs)
represent neoantigens that arise from somatic mutations or oncogenic viral
proteins. Somatic mutations can either be driver mutations, causing trans-
formation, or genomic instability leading to passenger mutations. These
mutations are recognized by the host immune system as foreign, resulting
in an adaptive immune response in experimental animals and cancer bearing
hosts. It is assumed that neoantigen specific cytotoxic T cell responses against
HLA matched tumor cells may form the basis of successful future cancer
immunotherapies [7, 8].

1.1 Peptide Epitopes

Previous mice studies suggest existence of ‘specificity’ in cancer immunity
[1–4, 9]. Study of mice immunized against syngeneic carcinogen induced
tumors, indicated that a commonly expressed protein can be used to immunize
these mice against cancer. These molecules were later identified to be heat
shock proteins 70 and 90, both chaperone proteins [10]. These heat shock
proteins when purified from tumor homogenates, mediated tumor rejection in
animal studies. Hence they were also known as “tumor rejection antigens” or
TRAs. However, later studies observed the immunogenicity to be due to short
peptides that were infact noncovalently linked with these HSPs and acting
as immunogens. HSP receptors, present on dendritic cells, become a point of
interaction for HSPs associated with the immunogens. Thus, HSPs only assist
in delivering these immunogenic peptides to dendritic cells which in turn
can trigger a cytotoxic T cell response against the cancer cells [11, 12]. This
proved that HSP actually played an indirect role in immunogenicity rather
than a direct one. Hence secreted HSPs from cancer cells have immune-
enhancing roles. The action of HSPs depends on their innate characteristics;
for example whether they are secreted in bound form or within exosomes, rate
of secretion and the subset of HSP secreted (hsp70, gp96, hsp90, hsp110, etc).
Srivastava and colleagues have shown that hsp70 and gp96 can bind to tumor
antigenic polypeptides forming complexes. These HSP-peptide complexes
can be utilized for generation of an anti-cancer vaccine [10, 13–15] and
have been a major source of multivalent epitopes. We embarked upon a
program of generating peptide mimotopes using a combinatorial single chain
antibody library to identify and isolate synthetic peptides that mimicked the
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immunological tumor rejection properties of HSPs. Some of these study results
have been described below.

1.2 Multivalent Therapeutic Vaccines: The Need of the Hour

Multiple successes in using peptide based vaccines for infectious diseases
indicate that peptides, being highly immunogenic, are prime candidates to
mount a vaccine driven antigen specific immune response. Genomic instabil-
ity, particularly erroneous end joining and translocations, play a primary role
in causing malignancies expressing neoantigens [16]. Trials using synthetic
peptides coupled with Incomplete Freund’s Adjuvant (IFA) have shown some
promise in terms of inducing antigen specific T cell responses. However, due to
the high heterogeneity in mutation and expression profiles of these neoantigens
on tumor cells, trials using single antigenic vaccines have shown to induce an
antigen specific immune response, albeit inadequate in the clinic [17].

We have pursued the concept of using multivalent cancer antigenic
epitopes by two distinct technologies; the first being a peptide mimotope
technology and the second a vaccinia virus based antigen retrieval system.
The peptide mimotopes were generated against cancer specific HSPs with
the rationale that these HSPs by virtue of their peptide chaperoning property
would harbor tumor associated antigens and that a true immunological mimic
would emulate the tumor rejection properties of these HSPs; inducing a
sustained, tumor specific and robust cytotoxic T cell response (CTL) to
eliminate tumors. Further these synthetic peptides with little or no resemblance
to endogenous protein sequences, generate a significantly active antibody
response. Development of this immunogen is the first of its kind, expected
to stimulate both arms of the immune system with a single focused aim of
tumor regression.

We also utilized an alternative approach, whereby, we isolated and char-
acterized five patient derived metastatic primary melanoma cell lines. We
infected these cell lines with vaccinia virus and used the membrane oncolysates
as a vaccine. The rationale being that vaccinia virus in the process of budding
out of the membrane will be associated with the entire repertoire of melanoma
associated antigens (MAA) which can be used as a ready source of multivalent
antigens. This repertoire consists of tumor specific and pan antigens together
with its natural adjuvant, the vaccinia virus [18, 19]. In this communication
we provide an outline of the success of both these approaches and suggest a
clinically relevant additional combinational use of immunogens.
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2 Results

2.1 Multivalent Cancer Vaccine Using HSP Peptide
Mimotopes as Immunogens

The general strategy of the generation of peptide mimotopes is initiated by
differential panning of a single chain antibody library with tumor as well
as normal tissue derived HSP; in this case hsp96. This strategy through a
rigorous amplification procedure gives rise to HSP tumor specific single chain
antibodies which are purified, and used as reagents in subsequent panning of
combinatorial synthetic peptide libraries to give rise to peptide mimotopes.
One such typical experimental result using MAT-LyLu rat cell line derived
HSPs are depicted in Figure 1 and Figure 2. The experiment showed that not
only can tumor specific hsp96, a CTL inducer, be recognized by single chain
antibodies, but also that synthetic peptides (mimotopes) not represented in
the proteome, can be identified. The sequence specificity of these peptides
(Table 1) is a testimony that these mimotopes derived are not library specific
and indeed both linear and conformational epitopes can be generated. We have
used these peptides to predict an HLA binding score (Table 2) and further
defined their efficacy as an immunotherapaeutic vaccine. Prior vaccination of
the animals and subsequent challenge with the tumor completely abrogated
tumor growth (Figure 3).

2.2 Multivalent Cancer Vaccine Using Vaccinia Based
Antigen Retrieval System

The use of vaccinia virus based antigen retrieval system was designed to be
tested using human melanoma primary cells that were isolated from patients
with metastatic lesions. Procedural details for cell isolation, growth and
infection with vaccinia, preparation of the oncolysate have been described
elsewhere [19–21]. The rationale of such a scheme was entrenched in basic
viral processes of budding whereby the virus always ‘pinches’membrane pro-
teins. We used the membrane preparation prior to the budding of the virus and
the use of five different primary cells reassured us of a combined preparation
that was endowed with a vast repertoire of multivalent MAA. Additionally,
in vitro studies conducted by our group have shown an enhanced expression
of MAAs on treatment of these cell lines with vemurafenib, a BRAFV600E
inhibitor, warranting its possible use in enhancing our oncolysate vaccine
efficacy [22, 23].
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Figure 1 Phage Display Library and Panning Strategy for generation of single chain
antibodies specific to hsp96: Randomized CDR3 regions were inserted into multiple
cloning sites of phagemid and fused with gene III of bacteriophage M13 capsid pro-
tein. The phage was inserted into E coli, a gram negative bacteria, for amplification to
generate a single chain antibody (scFv) phage library. Hsp96 was panned against this
library. scFv phage with affinity and specificity to hsp96-peptide complex was selected
using proteins adsorbed to Maxisorp immunotubes. Four rounds of panning carried out
using immunotubes coated with hsp96 complex overnight at varying concentration of
10 μg/ml, 5 μg/ml and two rounds of 2.5 μg/ml in PBS for first, second, third and fourth rounds
respectively. After a 2 hour incubation of scFv phages with the hsp96 coated tubes, unbound/
non-specifically bound scFvs were eluted with PBS/PBST washes. The hsp96-peptide complex
bound phages were eluted with elution buffer and put through further rounds of selection for
metastatic prostate tumor (MAT-LyLu) specific hsp96 complex. The tumor specific scFv phage
clones were then immunoscreened and analyzed [56, 57].

In a compassionate human clinical trial (Figure 4) we used autologous
DCs pulsed with oncolysates derived from primary melanoma cell lines
infected with recombinant IL-2 gene encoded vaccinia virus to define the
immunological parameters that are shown in Table 3. We observed partial
and complete responses that were augmented by the use of IL-2 prior to
vaccination, again a reminder of the need to emulate the natural environment
of a tissue specific immune mediated inflammatory response.
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Figure 2 Identification of peptide mimotopes to metastatic tumor derived hsp96 from a
phage display combinatorial peptide library: The E6 clone, a MAT-LyLu specific scFv, was
panned against two phage display peptide libraries LX8 (12 mer containing disulphide bridge)
and X15 (linear 15-mer).

Table 1 Amino acid sequence of synthetic peptides derived by panning with scFv E6: LX8
(12-mer containing disulphide bridge) and X15 (linear 15-mer mimotope of MAT–LyLu gp96-
peptide complex)

3 Discussion

It is known that during the education of T lymphocytes in the thymus,
T cells are MHC restricted i.e. they only recognize self MHC complexed
with peptides. Additionally, not all peptides bind to all MHC molecules; the
binding is determined by the size and the charge of the peptide, thus adding one
more level of restriction [24]. Flexibility conferred by peptide based vaccines,
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Table 2 Peptide match to HLA Class I: HLA binding score predicted for the two peptides
X-15 and LX-8b

allows the use of multiple antigens with varying affinities and avidities to
the HLA molecules in a patient. There is a lot of evidence suggesting that
one of the mechanisms by which a tumor evades immune surveillance is by
downregulating surface antigens [25] and hence univalent antigen target is not
very effective. Using a polyvalent peptide vaccine could potentially bypass
this phenomenon by making multiple epitopes visible to the immune system.
A distinct advantage in having peptide based vaccines is their ability to be
presented via MHC class II molecules leading to a long term CD4+ T cell and
B cell response as well as to be cross presented via MHC Class I leading to a
CD8+ CTL response.

Various attempts have been made at generating peptide vaccines against
different cancers.AWT1 peptide based vaccine in advanced pancreatic cancer,
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Figure 3 Effect of vaccination of synthetic peptides challenged by MAT-LyLu tumor
cells: Hsp96 mimotopes, BTE6-LX-8b and BTE6-X15-7, vaccination show tumor protection.
Vaccination with synthetic peptides abrogation of MAT-LyLu tumor [56].

when combined with gemcitabine showed a 29% 1 year survival and a median
survival of 8.1 months [26]. Another peptide based vaccine used E75 derived
from the HER2 protein (nelipepimut-S) along with GMCSF as an adjuvant for
treatment of breast cancer. This vaccine showed a high efficacy with almost
90% disease free survival compared with a control group [27]. A trial using a
vaccine targeting a hTERT, Vx-001, in patients with advanced non-small cell
lung carcinoma also showed promise with a TERT specific immunological
response mounted; correlated to a better prognosis and higher progression
free survival [28].
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Figure 4 Compassionate pilot clinical trial: A melanoma vaccine was generated using
recombinant vaccinia virus expressing IL-2 and cell lysates prepared from 5 primary proprietary
melanoma cell lines. Three patients were vaccinated with the melanoma vaccine (DC-MelVac)
consisting of recombinant vaccinia virus and DC-lysate immunogen. Vaccination resulted in
increased overall survival and regression of tumor nodules.

Table 3 Immune modulation of treated patients: Three patients were treated with the
melanoma vaccine in a Phase I compassionate clinical trial. Anti-melanoma immune response
was observed due to induction of delayed type hypersensitivity reactions (DTH), cytotoxic-T
lymphocyte presence (CTL), lymphocyte proliferation (Pro) and antibody induction (Ab)

We are the first group to define a multivalent peptide mimotope based
immunogen that fulfills the criteria laid down for a robust immune response. It
is synthetic, can be easily manufactured and needs no refrigeration, stimulating
both arms of the adaptive immune response. It can be adapted to any cancer,
individualized, combined with any adjuvant and since used extraneously
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can easily be controlled for dose and frequency of administration making
it a truly versatile immunogen. The use of vaccinia based multivalent tumor
antigen retrieval system has been tried in a compassionate clinical trial with
encouraging results. In this trial, we established the premise that dendritic cells
pulsed with recombinant IL-2 gene encoded vaccinia virus infected melanoma
oncolysates, derived from five primary melanoma cell lines, present the MAAs
present in the oncolysate to the CTLs [29, 30]. This vaccine (DC-MelVac) has
now been approved by the FDA for a phase 1 clinical trial. Initial results with
prior generation of the vaccine showed delayed type hypersensitivity and a
multivalent immune response [31].

Need for an Adjuvant Boost: Several studies have aimed to improve the
efficacy of peptide based vaccines. The initial studies to improve efficacy
started with the addition of an adjuvant alongwith the peptide vaccine. GM-
CSF was one of the adjuvants used in a few studies, which showed varying
results. A study conducted in stage 3c melanoma patients indicated that
GM-CSF administration alone led to an improvement in melanoma specific
survival [32]. Another study, using GM-CSF alongwith a whole cell vaccine
in melanoma patients, showed that GM-CSF was not a good adjuvant and
infact had negative impacts [33]. A study carried out by Slingluff et al. [34]
using 12 melanoma peptides, with and without GM-CSF as an adjuvant,
also demonstrated the ineffectiveness of using GM-CSF as an adjuvant [35].
These varied results suggest the need for a tightly controlled study in order
to determine causes for variation, effective doses and schedules. The premise
of using IL-2 in our vaccinia based studies rests in the ability of the cytokine
to recruit and activate T cells, mounting a stronger immune response to a
specific peptide [36]. The side effects at high dose include flu like symptoms,
fluid retention and organ dysfunction at high doses [37].

The Use of Targeted Therapy: In order to ensure delivery of vaccines
to the lymph nodes, the site for coordination of immune responses, several
groups have used tools that rest in the fields of materials sciences and tissue
engineering. One group demonstrated that antigens covalently conjugated
to virus sized inert nano particles were potent immunogens; mounting an
immune response by localizing to the draining lymph nodes and initiating
dendritic cell cross priming to CD8+ T cells [38]. Another group recently
studied the effect of targeting immunosuppressed, antigen rich tumor draining
lymph nodes in mice using a nanoparticulate cancer vaccine in a B16-F10
melanoma mouse model. They discovered that despite the immunosuppressive
environment of the tumor draining lymph nodes, targeting the nano particle
conjugated with tyrosinase (a TAA in melanoma) and a CpG adjuvant led
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to a more robust immune response compared to targeting the vaccine to
non-tumor draining lymph nodes [39]. Another extremely interesting study
involved coating polylactic-co-glycolic acid (PLGA) nanoparticles with cell
membranes from B16-F10 melanoma cells. This study demonstrated a method
to specifically target cancer antigens to DCs inducing maturation in vitro [40].
In addition to nanoparticles, some groups have exploited albumin due to its
ability to traffic from the vasculature into the lymphatics. Conjugating peptide
antigens and CpG as an adjuvant to saturated lipid tails leads to the peptide
being docked into the fatty acid binding pockets of albumin. This albumin
conjugate promoted higher homing into the lymph nodes compared to soluble
antigens and adjuvants. It led to a 30-fold increase in T cell priming, enhancing
anti-tumor cytotoxicity while keeping systemic toxicity low [41]. All of
these promising methods are able to deliver a positive stimulatory immune
response; however they don’t address the immunosuppressive environment of
the tumor which leads to inactivation of T cells due to tumor induced secre-
tory molecules as well as engagement of negative regulatory receptors and
ligands.

The Use of Checkpoint Inhibitors: The discovery of diminished anti-
tumor in vivo activity by effector T cells that are primed in vitro called for a
new criteria for screening of cells during an adoptive T cell transfer therapy
[42]. The immunosuppressive tumor microenvironment plays a critical role in
rendering primed and active T cells inactive, enabling tumor evasion [6, 43].
Cytotoxic T Lymphocyte Antigen-4 (CTLA-4) is a cell surface receptor
expressed on activated T cells. It binds to B7-1/2 on antigen presenting cells
with a high affinity, inactivating T cells. This receptor plays a major role in
regulation and maintenance of T cell homeostasis [44, 45]. Another T cell
surface molecule, Programmed Cell Death-1 (PD-1) also plays an inhibitory
role, inactivating T cells when engaged with its ligands; often expressed on
tumor cells [46]. Exploitation of these two pathways, led to the development
of two new FDA approved monoclonal antibodies, ipilimumab (anti CTLA-4)
and nivolumab (anti PD-1) for use in metastatic melanoma by Bristol Squibb
Meyers [47]. These antibodies in addition to pembrolizumab (anti PD-1)
developed by Merck, and approved for PD-L1 expressing metastatic non-small
cell lung cancer, have now become the talk of the town. With their ability to
prevent T cell inactivation in the tumor microenvironment, these antibodies
showed promising results in clinical trials for metastatic melanoma [48–50]. A
list of possible checkpoint inhibitors that are clinically relevant are provided
in Figure 5. Drawbacks of anti-CTLA4 therapy include a plethora of hard
to manage side effects like Grave’s Disease [51], pulmonary toxicities [52],



Cancer Vaccines: Bench to Bedside 45

Figure 5 APC-T cell interactions utilizing B7 and TNF family of receptors and ligands
that are the key elements of negative checkpoint inhibitors: This strategy utilizes the host
immune response against cancer cells. Vaccination could lead to the presentation of tumor
associated antigens by host APCs (antigen presenting cells) activating T cells. Aided by
checkpoint inhibitors (e.g. anti-CTLA-4 antibody) the inactivation of the T cells would be
curtailed, consequently potentiating the host immune response against cancer cells.

gastrointestinal toxicities [53] as well as immune related adverse events [54].
Combination therapies using multiple checkpoint inhibitors are now being
tried in various cancers; the first one to be approved is a combination of
nivolumab and ipilimumab in metastatic melanoma [47].

A Case for Combining Targeted Peptide Vaccines and Check-Point
Inhibitors for Therapy: With the evolution of drugs preventing T cell inacti-
vation and promoting effective T cell activation, we are now in the midst of
a whole new paradigm in cancer immunotherapy. The low immunogenicity
seen in case of certain peptide based vaccines can be attributed to the
immunosuppressive environment in the tumor. Adding a checkpoint inhibitor
to the peptide based vaccine therapies, could potentially lead to an enhanced
immune response and effective tumor clearance. Furthermore, with the advent
of targeted therapies, localizing peptide mimotope based vaccines or our
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vaccinia virus based oncolysate (DC-MelVac) to the tumor draining lymph
nodes and coupling it with check-point inhibitors, would arm the immune
system with a much needed one-two punch in order to combat tumors. This
treatment regimen could lead to a prolonged antigen specific T cell priming
and activation, and a higher overall survival and disease free progression in
patients. The evolution of cancer immunotherapy and the data seen thus far
encourages us to explore the option for this combinatorial therapy.

4 Concluding Remarks

We present the conundrum of the ongoing dilemma in cancer immunity that
relates to the challenges of genomic instability based generation of immune-
epitopes. We also present the novel patented technologies that allow us to
generate multivalent vaccines that presumably can be tailor made to suit the
modern need for individualized precision medicine and address the challenges
of genomic instability mediated epitope generation. The 21st century belongs
to cancer eradication through the prudent combinatorial use of immunotherapy
with other therapeutic modalities. To this end immunotherapy has be to fine
tuned with respect to positive and negative stimulation and in this regard
novel therapeutic regimens with our positive immune boosters need to be
combined with checkpoint inhibitors. This fine tuning of these two arms in
a natural environment of the immunocompetent host holds the promise of
cancer eradication.

5 Methods

1. Single chain antibody (scFv) library panning strategy: Antibody
genes pertaining to scFv fragments with randomized CDR3 regions were
inserted into a phagemid and fused with M13 bacteriophage coat/capsid
protein. This enabled the formation of a large repertoire of an single
chain antibody phage library displaying the variable CDR3 sequence on
the phage surface. These phages are single stranded phagemids, since
they possess both a viral and bacterial origin of replication, can replicate
in E.coli providing a vast repertoire (108–109) of single chain antibodies
for screening processes. Hsp 96-peptide complex is panned against the
single chain antibody (scFv) phage library to ascertain specific clones.
After three rounds of panning, the specific phage clones showing affinity
and specificity to hsp96-peptide complex were isolated and analyzed for
reactivity through ELISA.
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2. Single chain peptide library screening: The phage display peptide
library is incubated with the single chain antibody (scFv) against
tumor hsp96-peptide complex (MAT-LyLu hsp96-peptide complex) in
microtiter plates. The bound phages are eluted and amplified in E.coli
cells to get an enriched phage subset. Few more successive rounds of
panning, elution and amplification are done to enrich for specificity as
well as affinity to the target – tumor hsp96-peptide complex. The phage
clones with the maximum specificity to the target protein are selected
and sequenced to find the conformation of the peptide displayed on each
specific phage clone. One such peptide generated was X-15, mimotope
of MAT-LyLu hsp96-peptide complex, whose immunogenicity was ana-
lyzed and tumor protective effects determined through further animal
experiments [55].

3. Vaccination efficacy: Two synthetic peptides were obtained by panning
with scFv E6 clone specific for hsp96-peptide complex. Here LX-8b
is a 12-mer peptide acting as a control of MAT-LyLu hsp96-peptide
complex mimic, and X-15 is the linear 15-mer mimotope of MAT-LyLu
hsp96-peptide complex obtained. The sequence of both the peptides is
shown in Table 2. In order to check the immunogenicity of the peptides,
syngeneic Copenhagen rats were immunized subcutaneously with 100
μg peptide/rat on day 0, and 50 μg peptide/rat on days 14 and 21 as
booster doses. 10,000 MAT-LyLu cells were injected on day 14 as a
tumor cell challenge. The challenge resulted in palpable tumors by day
10 in the control untreated group. However, there was delay in latency,
incidence and tumor growth in X-15 peptide vaccinated group similar to
the positive control LX-8b group (Figure 3) [56].

4. DC-MelVac compassionate trial: We have established 5 primary pro-
prietary patient derived melanoma cells. Cell lysates were prepared from
these cell lines using a vaccinia virus expressing IL-2. This preparation
was used in a Phase I compassionate clinical trial of melanoma patients.
Patients’ dendritic cells were loaded with the lysate and matured to
present the specific immunogens. Vaccine, containing the recombinant
vaccinia virus and DC-lysate immunogen, was administered to three
patients and a clinical response observed (Figure 4). Decrease in tumor
nodules in lungs and increased overall survival was observed. No sig-
nificant toxicity was noted. An anti-melanoma immune response was
assessed by stimulation of delayed type hypersensitivity, lymphocyte
proliferation, cytotoxic T-lymphocyte presence and antibody induction
(Table 3) [29–31].
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Abbreviations
APC Antigen presenting cell
CDR3 Complementarity determining region
CpG 5’—C—phosphate—G—3’
CTL Cytotoxic T lymphocyte
CTLA-4 Cytotoxic T-lymphocyte-associated protein 4
DC Dendritic cells
FDA Food and Drug Administration
GMCSF Granulocyte-macrophage colony-stimulating factor
HER2 Receptor tyrosine-protein kinase erbB-2
HLA Human Leukocyte Antigen
HSP Heat shock proteins
hTERT Human Telomerase Reverse Transcriptase
IL-2 Interleukin-2
MAA Melanoma associated antigen
MAT-LyLu A rat prostate tumor cell line
MHC Major Histocompatibility Complex
PBS/T Phosphate Buffered Saline/with Tween 20
PD-1 Programmed cell death protein 1
PD-L1 Programmed death-ligand 1
scFv Single-chain variable fragment
TAA Tumor associated antigen
TRA Tumor rejection antigen
TSA Tumor specific antigen
WT1 Wilms tumor protein
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