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Abstract
The L.E.A.P.S.™ (Ligand Epitope Antigen Presentation System) technology platform has been
used to develop immunoprotective and immunomodulating small peptide vaccines for infectious
and autoimmune diseases. Several products are currently in various stages of development, at the
pre-clinical stage (in animal challenge efficacy studies). Vaccine peptides can elicit protection of
animals from lethal viral (herpes simplex virus [HSV-1] and influenza A) infection or can block
the progression of autoimmune diseases (e.g. rheumatoid arthritis as in the collagen induced
arthritis (CIA] or experimental autoimmune myocarditis (EAM) models). L.E.A.P.S. technology is
a novel T-cell immunization technology that enables the design and synthesis of non-recombinant,
proprietary peptide immunogens. Combination of a small peptide that activates the immune
system with another small peptide from a disease-related protein, thus a conjugate containing both
an Immune Cell Binding Ligand (ICBL) and a disease specific epitope, which allows the
L.E.A.P.S. vaccines to activate precursors to differentiate and become more mature cells that can
initiate and direct appropriate T cell responses. As such, readily synthesized, defined immunogens
can be prepared to different diseases and are likely to elicit protection or therapy as applicable in
humans as they are in mice. L.E.A.P.S. vaccines have promise for the treatment of rheumatoid
arthritis and other inflammatory diseases and for infections, such as influenza and HSV1. The
protective responses are characterized as Th1 immune and immunomodulatory responses with
increased IL-12p70 and IFN-γ (Th1 cytokines) but reduced inflammatory cytokines TNF-α, IL-1
and IL-17 (Th2 and Th17 cytokines) and concomitant changes in antibody subtypes. LEAPS
immunogens have been used directly in vivo or as ex vivo activators of DC which are then
administered to the host.
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Introduction
The major goal for preparing a successful vaccine is to elicit the proper immune response to
the antigen of interest without eliciting inappropriate immune responses either to the antigen
of interest or other antigens in the preparation. This problem arises because every protein is
a collection of potential immunogenic epitopes and antigens, some of which may elicit
protection while others may elicit excessive inflammation or even suppression of desired
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immune responses. Common solutions to this problem include use of minimal immunogenic
epitopes or to administer a minimal amount of material in the vaccine. Unfortunately, this
often results in use of peptides which are either too small to be immunogenic or otherwise
deficient in eliciting the desired and appropriate immune responses as many small peptide
antigens elicit only an improper or weak response. Our goal when we started work on the
LEAPS™ (Ligand Epitope Antigen Presentation System) technology in 1987 was to focus
the immune response on an immunogenic peptide and direct the nature of the response to
one that is appropriate for the disease to be prevented or treated. The treatment may induce a
humoral or cellular response, defined by Th1, Th2, Th17, Treg, Tc (T cytotoxic cell), Ts (T
suppressor cell) or other type of T cell, still to be defined.

The immunogenicity of small peptides can be enhanced in different ways including making
multimers, by attaching lipids, and with peptides that promote binding of the epitope to
MHC II molecules, such as the Padre or Ii-Key technologies [1], to facilitate their
presentation to T cells. For the Padre technique, the immunogenic epitope peptide is
covalently attached to a peptide that binds tightly to MHC II molecules (Pan DR binding)
while the Ii-Key conjugate enhances binding by linking a peptide epitope to a modified
portion of the invariant chain that binds tightly to the outside of the epitope binding cleft of
MHC II molecules on the surface of cells. Both approaches increase the immunogenicity of
a peptide but usually do not change the nature of the response.

The LEAPS technology platform has been used to develop immunoprotective and
immunomodulating small peptide vaccines for infectious and autoimmune diseases. The
LEAPS vaccines combine a small peptide that activates the immune system (originally
referred to as a T cell binding ligand TCBL) with another small peptide containing a
disease-related peptide containing an epitope [2,3]. The LEAPS peptide heteroconjugate
vaccine technology was first conceived and a patent disclosure statement filed in 1987 and
converted into a patent application in 1988 which issued in 1996. In 1987, the state of the art
was much less advanced and our understanding of T cells was limited, antigen presenting
cells (APC) included macrophages and B cells, and knowledge of dendritic cells (DCs) was
in its infancy and naïve. For perspective, toll like receptors (TLR) were only well known for
insects. With the recognition of the importance of DCs to the initiation and direction of
immune responses we [4,5] demonstrated that at least one of the TCBL molecules, (referred
to as J), activates precursor DCs to become semi-mature DCs so that the TCBL term has
now been redefined and broadened to ICBL (immune cell binding ligand).

Several products are currently in various stages of development, at the pre-clinical stage in
animal immunogenicity, delayed type hypersensitivity (DTH), mode of action (MOA) and
challenge efficacy studies. LEAPS vaccines incorporating peptides from viruses can induce
protection of animals from lethal viral infectious challenge (herpes simplex virus [HSV-1]
[5–7] and influenza A virus [8]) as a prophylactic or therapeutic agent or can block the
progression of autoimmune diseases in appropriate mouse models of disease (e.g.
rheumatoid arthritis as in the collagen induced arthritis model [CIA] [9] or experimental
autoimmune myocarditis model [EAM] [10]). In addition, LEAPS vaccines with the J-ICBL
can induce human monocytes to differentiate into DCs and initiate immune responses [4].
LEAPS vaccines can be readily prepared as GMP (Good Manufacturing Practice) materials
and contain no radioactive, toxic or infectious materials. As such, these readily synthesized,
defined immunogens can be prepared to different diseases in advance and are likely to elicit
protective or therapeutic responses as applicable in humans as they have been demonstrated
to do in mice.

The LEAPS technology approach chemically links a peptide containing a disease associated
epitope through a triglycine linker to a peptide that targets or binds to an antigen presenting
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cell such as a DC or to a T cell, combining adjuvant/activating and antigen/immunizing
activities into one relatively small peptide (Figure 1) [2,3,9,11].

The ICBL of the LEAPS vaccines consists of a small peptide from a protein that interacts
with cell activating receptors on immune cells and is covalently attached to the
immunogenic peptide through a triglycine linker. The J ICBL consists of a peptide from the
beta2-microglobulin component of MHC-I (aa 38–50: DLLKNGERIEKVE) [12] and the
derG peptide consists of a peptide from the beta chain of MHC-II (aa 135–149:
NGQEEKAGVVSTGLI) [13,14]. Another less frequently used ICBL is from IL-1β 163–
171 [2,3,15]. Figure 1, illustrates examples of LEAPS conjugates attached to an epitope
containing peptide from HSV-1 glycoprotein D 8–23. Although the ICBL is at the N-
terminus of most LEAPS (as indicated in Figure 1), we have evaluated peptides with the
ICBL at the C terminus with no major differences in activity. Also, it has been our
experience that for full function and consistent long term effect, the peptides (ICBL and
antigenic peptide) must be conjugated.

The J-ICBL directs new immune responses to be Th1 and upon a boost with protein, Th1
associated antibodies (IgG2a) are generated. J-LEAPS vaccines with peptides from M.
tuberculosis [3,16] and HIV [2,15,17,18] elicit Th1 related immune responses as determined
by preferential IgG2a and DTH responses and J-LEAPS vaccines with several different
HSV T cell epitope containing peptides [4–7,11] elicited protection from lethal challenge
and similar DTH and preferential IgG2a Th1 responses. The J-LEAPS peptide, [2,11,15,19]
can promote the maturation of human or mouse precursors into a unique DC (LEAPS-DC)
which produces IL-12p70 but not TNF-α or IL1 [4,5]. LEAPS-DCs are sufficient to initiate
and immunize mice to elicit protection from lethal HSV challenge [5] and to protect and
modulate the onset of ongoing influenza disease [8] in mouse models. Human monocytes
treated with J-LEAPS conjugates incorporating immunogenic peptides from either HSV or
HIV converted into semi-mature DC capable of initiating an allogeneic (mixed lymphocyte
response) IFN-γ associated Th1 like response [4].

Another ICBL, derG, is derived from the β chain of human MHC class II protein
[2,3,15,18,20] but this ICBL promotes the production of Th2 responses, including cytokines
and preference for IgG1 antibody. It is likely that derG-LEAPS vaccines may be able to
modulate an ongoing immune response and be beneficial in certain instances.

J-LEAPS vaccines can block the progression of autoimmune diseases by
immunomodulation of ongoing pathogenic responses. Immunomodulation of the Th17
response during RA with a J-LEAPS vaccine (CEL-2000) that incorporates a peptide from
type II collagen blocks the progression of collagen induced arthritis (CIA) [9]. Another J-
LEAPS vaccine blocked the progression of experimental autoimmune myocarditis (EAM) in
a mouse model [10]. Similarly, J-LEAPS vaccines modulated the inflammatory cytokine
response to influenza, curtailing the cytokine storm induced by the virus [8]. Inflammatory
cytokines, such as TNF-α, IL-1, IL-6, and IL-17 were lowered with modest increases in
IFN-γ and IL-12p70.

In this review, we will discuss the activity of several different LEAPS vaccines in detail,
vaccines for modulation of ongoing, or initiation of new immune responses as demonstrated
in the EAM, CIA, HSV and influenza disease models. In each case, only vaccines with the J
ICBL were protective when such an efficacy evaluation was possible. Vaccines containing
the same immunogenic peptides but attached to the derG/G ICBL promoted Th2 humoral
responses. The derG/G-ICBL vaccines were not protective and had either no effect or
exacerbated the diseases. These vaccines generated different cytokine profiles (confirmed in
preliminary experiments) than the J-ICBL vaccines and IgG isotypes preferences (IgG1>IgG

Zimmerman et al. Page 3

J Vaccines Vaccin. Author manuscript; available in PMC 2013 February 08.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



2a in the mouse). The LEAPS vaccine peptides or DCs prepared with the LEAPS peptides
were evaluated in appropriate mouse models for each of the diseases.

EAM – Experimental Autoimmune Myocarditis as a model for myocarditis
Although most cases of myocarditis are related to viral infection, there is some connection
between persistent infections and autoimmune inflammation of the cardiac tissues. There are
several models for myocarditis for which the pathology that develops resembles in part the
human condition [21–23]. The experimental autoimmune myocarditis (EAM) mouse model
has several advantages and benefits from being induced by a well-defined autoantigen of the
target organ, either murine cardiac myosin in some mouse strains or just the My1 peptide
(MyHCα334–352) for the A/J strain.

The EAM murine model used in the LEAPS studies was induced by s.c. injection of the
My-1 peptide with complete Freund’s adjuvant (CFA) and pertussis adjuvant on day 0
followed on day 7 with My-1 emulsified (1:1) with incomplete Freund’s adjuvant (ICFA)
only. Disease progression could be monitored as early as day 10 or on days 21 or 28 for
heart and body weight, heart histopathology, cytokines (from serum, spleen, and heart) and
serum antibodies for myosin and the BCG antigens in the adjuvant. Mice with EAM display
a characteristic enlargement of the heart (Figure 2) with noticeable lymphocyte infiltration
of the cardiac tissue compared to either normal hearts or mice preimmunized with J-My-1
(not shown). A more detailed examination of mice treated prophylactically or
therapeutically with J-My-1 showed that J-My-1 did not induce disease and that J-My-1
pretreated mice appeared to be protected based on either the heart to body weight ratio or the
extent of cardiac histopathology compared to PBS-treated mice [10]. The most significant
change in the immunized mice was in the levels of the chemokines IP-10 and MIP1α, which
were decreased in the hearts of J-My-1 treated animals. It has been similarly shown in other
studies that these chemokines are critical to the induction of EAM [23]. As in the control
mice, antibody against the mycobacterium (BCG) elements of the complete Freund’s
adjuvant was still produced and no differences seen in antibody to My-1 produced in the
LEAPS vaccinated mice. One incident of anaphylaxis was observed in a couple of mice in
this study using very young animals (around 3–4 weeks of age) with immature immune
systems and the use of 3 or more weekly doses of vaccine [10]. Anaphylaxis in young mice
has also been seen by others in other systems but, as will be described later, older mice are
much less prone to this complication and this is also manageable by modification of the
peptide or with drugs reducing substantially the potential for anaphylaxis [24–29]. These
results support the hypothesis that LEAPS conjugates modulate the immune response
against the antigenic portion of the conjugate in an antigen specific manner via chemokines,
cytokines and cells but not by changes in antibody and do not appear to induce general
tolerance or anergy. The advantages to this approach over more traditional modes of
immunosuppression are: use of a single defined epitope without the involvement of other
self-antigens; efficacy as a treatment after the disease was induced; and that the effect was
epitope specific with no global immunosuppressive effect on other and concurrent immune
responses, e.g. to the mycobacterium elements of the complete Freund’s adjuvant.

CIA - Collagen Induced Arthritis as a model Rheumatoid Arthritis
Rheumatoid Arthritis (RA) is an autoimmune disorder affecting millions of people
worldwide, and is characterized by systemic inflammation and progressive joint
deterioration. While steroids, anti-inflammatory drugs including NSAIDS, and disease-
modifying antirheumatic drugs (DMARDs) are an important part of current therapeutic
strategies, the most recent advances in treatment have come from biologics targeting specific
components of the immunological inflammatory pathway. Unfortunately, many current RA
therapies have significant drawbacks: Some, such as methotrexate, are toxic, while others,
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such as the biologics, have potentially severe side effects, and put the recipient at higher risk
to infection. None of these are universally effective and they are directed more to alleviate
the symptoms rather than to address the underlying cause of the disease. The LEAPS
conjugate used in this model, CEL-2000, combines the J-ICBL with an epitope of type II
collagen, noted to have T-cell responsiveness in human RA patients (CII254-273, or CIIx)
[30,31].

There are many recognized models of autoimmune arthritis in animals [32–34], each in
different species, with different methods and agents for inducing disease, and even
differences in disease manifestation and progression. Some models differ significantly from
the human condition in promoting rapid progression of disease. The collagen-induced
arthritis (CIA) model was used to demonstrate the ability of a J-LEAPS conjugate to
therapeutically treat RA [9]. In the CIA model, disease is induced by immunizing DBA mice
with bovine type II collagen emulsified with CFA on day 0 and collagen in IFA on day 21.
Unlike in the EAM study, the prophylactic efficacy of the CIA J-LEAPS vaccines was not
evaluated since prophylactic vaccines for RA would not be useful or a marketable product.
Treatment with a J-LEAPS vaccine was initiated as therapy around day 31, after the onset of
disease symptoms as determined by AI score. The LEAPS conjugate used in this model,
CEL-2000, combines the J-ICBL with an epitope of type II collagen, noted to have T-cell
responsiveness in human RA patients (CII254-273, or CIIx) [30,31].

Mice with CIA develop notable swelling and inflammation of the paws and ankles (Figure
3), including cell infiltration and destruction of the joints. Mice treated with CEL-2000 (J-
CIIx) had much less swelling of the paws as measured by an arthritic index (AI) score
compared to untreated mice. The efficacy indicated by the favorable AI score (Figure 3
panel A) [9] was similar to therapy with etanercept (Enbrel®), an anti- TNF-α biologic used
in the clinic to treat RA in man and considered the therapeutic “gold standard”. At the end of
the study histopathological examination of ankles and paws following treatment also showed
a lack of disease progression due to vaccination that blocked bone or cartilage erosion and
damage, prevented panus membrane formation and inflammation, see legend and arrows in
(Figure 4) We also showed using older mice (about 4–8 weeks before start of therapy versus
normally around 10 days to 2 weeks after second induction immunization on day 21). These
DBA/1J mice tolerated 5 injections over a 90 day period (approximately every two weeks
with no adverse effects and showed control of disease based on the AI score (not shown).

The effect of CEL-2000 on disease progression was indicated by serum cytokine levels
evaluated on serum taken 10 days after initiation of therapy. Analysis of serum cytokines in
treated and untreated mice showed a redirection away from the Th17 response (untreated)
and towards a Th1 response (CEL-2000 treated) (Figure 5), with a relative decrease in
inflammatory cytokines TNF-α and IL-17, but an increase in IL-12p70, IFN-γ and IL-10.
Other affected molecules of note showed decreases e.g. IL-12p40, IL-6, and MCP-1. The
increase in IL-12p70 but decrease in IL-12p40 suggests a decrease in IL-23, an inducer of
the Th17 response, while the decrease in IL-6 and MCP-1 suggest a decrease in T-cell
proliferation and recruitment to the synovium. There is no decrease in the overall antibody
response to collagen, and only a modest increase of the Th1-like IgG2a/IgG1 ratio
(suggesting class switching) (see Figure 8), the total sum of effects on AI score,
histopathology and serum levels of inflammatory and Th1 cytokines suggests a decrease in
the maintenance and severity of the inflammatory response. Conceptually this method of
immune modulation is preferable to anti-cytokine or receptor blocking as it actively
redirects the immune response away from the pathological response, rather than generically
removing an important component of the immune system. The anti-cytokine and receptor
blocking approach are not selective and can delete essential protections against tuberculosis
(TB), cancers, etc, for which TNF-α, other cytokines or the ablated cell-cell interaction is a
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required component of the immune response, putting the treated individual at risk to these
diseases.

HSV-1 (Herpes Simplex Virus type 1)
Herpes simplex virus (HSV) is a ubiquitous virus affecting an estimated 40–60 million
Americans with approximately 600,000 new cases occurring per year [35,36]. HSV-type 1
(HSV-1) is a common oral pathogen and closely related to HSV type 2 (HSV-2). HSV-1 and
HSV-2 cause primary and recurrent oral and genital infections [37–40] and also infect other
parts of the body, cause serious disease of the eye, encephalitis, and life threatening neonatal
disease. While closely related and sharing many common antigens, there are also major
differences between HSV-1 and HSV-2 in the viral glycoproteins and their action on DCs
[41]. Current anti-viral therapy is effective at reducing the severity of the symptoms but does
not prevent or cure the establishment of latency or subsequent flare-ups. Antibody is not
sufficient for protection or control of HSV infection such that cross type infection and
recurrence of HSV 1 or HSV-2 occurs in the presence of humoral immunity, as evidenced
by serum and or secretory antibodies. CD8 T cells are important for controlling the infection
and preventing recurrence of the virus. Suppression of cell mediated immunity puts the
individual at great risk to more serious primary infection and recurrence of HSV. Indeed it is
considered by many that a Th1 type driven cell mediated response is important and
sufficient to control the progression of infection [19,42–45].

LEAPS vaccines for HSV-1 were prepared incorporating peptides with CD8 T cell epitopes
from 3 major proteins; glycoprotein B (gB), glycoprotein D (gD), and infected early cell
nuclear protein of HSV1 27 (ICP27) with the J ICBL and their efficacy was compared to
vaccines with the G-ICBL and the unconjugated peptide. These peptides were administered
in oil-in water or liposomal adjuvants that establish a depot for slow release of vaccine. The
gB and ICP27 (H1) peptides were minimal T cell epitopes of 8–9 amino acids. The JgD
vaccine used a slightly larger peptide (15 vs 9 amino acid). With the JH1 immunogen
(ICP27 vaccine), we established that LEAPS vaccines can establish protective immunity by
activating T cell responses without the need for antibody [19] and this was confirmed with
JgB.

Figure 6 shows typical results for C57BL/6 mice that were unimmunized or immunized
twice with a 2 week interval with the JgD vaccine and then two weeks later, received lethal
HSV challenge by dermal abrasion. For unimmunized mice, zosteriform lesions began to
appear on day 3 and all mice had zosteriform lesions by day 6 and had died by day 9, [46]
whereas only 3 mice developed lesions which were much reduced in JgD immunized mice
and all animals survived. The zosteriform spreading is a function of both the virus
neurotropic capabilities to invade, progress up the dorsal root ganglia and back down the
axons of other neurons and the host’s immune, inflammatory and repair responses [46]. JgD
elicited protection in mice of various strains with different MHC backgrounds (H2d: Balb/c,
H2b: C57BL/6, H2k: C3H, H2q: FVB) [6].

Vaccines with the G-ICBL (GH1 and GgB) had no effect with regard to protection, survival
or zosteriform spread and were likely to have exacerbated the disease due to their potential
to activate non-protective and inhibitory Th2 responses.

The relative roles of CD4 and CD8 T cells and IFN-γ during immunization with JgD and
the protection (effector) phases were determined by monoclonal antibody ablation studies.
Antibody ablation prior to immunization indicated that CD8+ cells were absolutely needed
to establish immunity less important for protection during the effector phase of immunity,
while both CD4+ cells and IFN-γ were needed in either the effector or both phases (Figure
7) [6]. At the time of the experiments, it could not be determined whether the CD8 bearing
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cells in the mice were DCs or T cells, but subsequent studies indicated the importance of
CD8 bearing DCs for initiation of JgD immunity in mice [5].

Additional hints to the nature of the immune response elicited by JgD, was obtained by
analysis of cytokines present in serum following immunization. Serum was collected from
JgD treated mice (C57BL/6 or A/J female) (immunized once) and pooled on days 3, 10 and
24 post treatment and 22 cytokines were evaluated on a RayBiotech cytokine array (See
Taylor et al., figure 1, panel A) [5]. Statistical analysis of the results (sequential Bonferroni
correction for multiple contrasts) showed a significant (p < 0.01) JgD induced change (vs.
adjuvant control) in the following cytokines: IL-12p70, IL-12p40, RANTES, MCP-5, IL-2,
IFN-γ, IL-17 and MCP-1 (see Taylor et al., 2010, figure 1, panel B) [5]. Mice treated with
the J-ICBL alone showed only a change in IL-10 levels [5].

JgD and another J-LEAPS vaccine, JH, (JH: incorporating a 30 amino acid peptide from
HIV-1B clade gag P17) were used to show that J-LEAPS vaccines promote the maturation
and activate mouse bone marrow cell suspensions from immune-naïve mice to become DCs
with increased levels of expression of MHC II, CD86, and CD11c within 48–96 hours (see
Taylor et al., 2010, figure 3, panels A and B) [5]. Previous studies had shown spleen cells
(either immunized on unimmunized) to be unresponsive to JgD or JH. In a separate
experiment (see Taylor et al., 2010, Figure 3, panels A and B) [5], CD3+ cells were removed
from the BM prior to treatment with JgD. After 24 hours, 12% of the control cells expressed
low levels of CD8 and less than 3% of these cells were positive for IL-12p70 but at 48h, the
JgD treated CD3-population contained 73% CD8 positive, IL-12p70 producing cells, and the
JH treated CD3-population contained 72% CD8 positive, IL-12p70 producing cells [5].
Murine CD8 expressing DCs are most important for cross presentation of antigen and
activation of CD8 T cells [47]. Taylor et al. further showed that while co-cultures of JH
treated and JgD activated DCs with murine splenic T cells (not from immunized mice) could
stimulate low levels of IFN-γ, the antigen specific T murine cells produced much more IFN-
γ, indicating antigen specificity of the interaction [4,5].

In a related series of experiments, human monocytes were treated with either JgD or JH and
these cells also differentiated into DCs with up regulation of MHC II and CD86. The JgD-
DCs were able to initiate production of IFN-γ in an allogenic T cell response [5]. Treatment
of the human monocytes with JgD converted the cells into IL12 producing DCs that could
initiate a Th1 T cell response in a similar manner to the mouse bone marrow cells, indicating
that J-LEAPS vaccines should elicit similar immune responses in humans.

In order to demonstrate that JgD induces the development of semi-mature functional DCs,
the DCs must be able to initiate a new immune response in a naïve mouse. Bone marrow
cells treated with JgD for 24h (JgD-DC) were washed to remove free JgD and injected
intradermally and intraperitoneally into immunonaive mice on two occasions at one week
intervals. The adoptive transfer of JgD-DC was sufficient to initiate antigen specific
protection against disease and death whereas control mice that did not receive cells (naïve)
or those that received JH-DC or untreated DC had extensive morbidity and mortality (see
Taylor et al., 2010, Figure 7) [5]. These studies demonstrated that JgD-DCs are functional
semi-mature DCs and with production of IL-12p70, generated a protective Th1 response.
These studies also demonstrated the potential use of J-LEAPS vaccines to prepare dendritic
cell vaccines for adoptive transfer.

PR8 as a model of Influenza A - H1N1
Seasonal influenza A viruses cause significant morbidity and mortality particularly in the
young and old, killing more than 250,000 worldwide each year while generating a
significant economic burden to millions [48]. All currently licensed influenza vaccines rely
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on the antigenicity of the very immunogenic but highly variable and strain specific
hemagglutinin (HA) and neuraminidase (NA) envelope glycoproteins. There are at least 17
different HA and 9 different NA serotypes for influenza A. Furthermore, influenza A viruses
are genetically unstable because of both drifts (mutations) and shifts (gene exchange through
reassortment during infection with multiple strains) to produce new sub-strains or clades of
virus. Antibody, including that elicited by the annual vaccines, to these proteins provides
extreme pressure for mutations and changes in the HA and NA antigens of the virus.
Influenza vaccines containing the appropriate mixture of HAs and NAs are configured
annually to protect against the strains of virus predicted to be in the environment based on
global influenza surveillance [49,50]. Unfortunately the prediction is not always successful
and the consequences can be dire.

A universal influenza vaccine that can elicit protection against most or all strains of
influenza is desired. This vaccine perhaps would have to generate antibodies to conserved
and protective sequences in the HA or NA glycoproteins or elicit T cell responses to the
highly conserved internal proteins of the virus, such as polymerases, proteases,
nucleoproteins and matrix proteins. Indeed, several conserved epitopes of these proteins
have been identified [51–62,63] and are vaccine candidates [64]. The need for such a
universal vaccine has been stressed by the events of the last dozen years with pandemics of
H5N1 in 2005 and H1N1 in 2009 and with the enhanced potential for spread of the virus due
to the consolidation of the world through globalization (including emigration, travel and
commerce). Therefore, such, LEAPS vaccines to elicit T cell responses to influenza were
investigated.

Capitalizing on the ability of J-LEAPS vaccines to elicit immunogenic DCs, data shows that
selected conserved influenza A antigenic peptides conjugated to the J-ICBL can generate
LEAPS-DCs that will provide using treatment to curtail the development of viral and
immune-pathogenesis (Not shown). DCs treated with J-LEAPS vaccines containing CD8 T
cell epitopes from influenza proteins were activated and matured, as indicated by
immunophenotype, and generated protective cytokine responses. Adoptive immunotherapy
using a pooled mixture of these DCs delivered after lethal challenge with H1N1 influenza
acted rapidly to protect the mice from morbidity and mortality; the mice maintained their
weight, showed decreased virus load, and a decrease of inflammatory cytokines compared to
untreated (or JH control treated) mice, which died within 7–10 days [8].

Characterization of the J-LEAPS and derG/G associated antigen specific antibodies
Before we summarize these findings and proceed we will look at the antibody responses
generated in the various systems. J and G conjugates of the LEAPS 38kDa TB and HSV
protein gD epitopes [3,6,7] favored production of IgG2a antibodies after protein boost or
infection (class switching from IgG1 to IgG2a), G (or derG) conjugates promoted
production of IgG1 antibodies. In the mouse, Th1 responses promote IgG2a production and
Th2 responses promote IgG1. Similar polarizations of IgG isotype production were seen for
J LEAPS CIA, HSV gD, and gB (not shown), (Figure 8A–C) and two different J-LEAPS
conjugates with different influenza antigens (data not shown). In the EAM case, there
remained a predilection for IgG1. The IgG1 may represent antibody produced to a very
unique epitope or perhaps due to a limited clonality of the response. In Panel D, it is seen
that immunization with JgB and GgB also enhanced isotype antibody responses of infected
mice to antigens other than the gB peptide (in the LEAPS conjugate). Similarly, when
influenza J- LEAPS-DCs were used for treatment of influenza infected mice, the isotype
switch to IgG2a was observed even though the treatment occurred several days after
infection and therefore immunization was already initiated, and was also polyclonal in
nature (Not shown).
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SUMMARY
Over the course of our studies we have examined over 13 different disease related epitopes,
all except the last 4 from influenza A virus included conjugates with both J and G or derG
ICBLs. The J-LEAPS vaccines promoted the production of Il-12p70, IFN-γ (Th1) directed
immune responses, including immunomodulatory responses, Th1 (IgG2a in mouse)
associated antibodies and Th1 protective responses and reduced Th-2 or Th-17 responses.
These efficacy studies, done mainly for HSV-1 but also for EAM, CIA and Influenza A
challenge models plus immunogenicity studies for TB and HIV were done, in 8 inbred and 3
outbred strains of mice of different MHC backgrounds. This indicates the LEAPS
technology is effective in multiple MHC backgrounds, a necessary requirement for human
use. Conjugates with other ICBLs were not protective in efficacy models (HSV-1, EAM,
CIA) possibly because they induce non-protective immune responses (e.g. Th2 or Th17) or
contained an inappropriate epitope for the ICBL in the conjugate. Immunogenicity was
demonstrated to several of the J-LEAPS vaccines but a disease model was not available to
us to determine whether they would elicit protection or therapy (e.g. HIV or TB). Most of
the LEAPS vaccine development is now focused on T cell epitope containing conjugates
with the J-ICBL rather than the G-ICBL (also closely related derG, also called CEL-1000)
or other ICBLs. Future studies will also include determination of the molecular basis by
which the J-LEAPS vaccines activate precursors to become DCs that can activate protective
and therapeutic T cell responses.

Discussion
Vaccines are used to educate and train the immune response in a safe, effective and
controlled manner to deal properly with infectious challenges that can cause potentially
pathogenic effects including death in the untreated host. More recently vaccines have also
been considered for reeducating immunity, as may be necessary for anti-cancer vaccines;
retraining an aberrant immune response, as occurs during autoimmune diseases; or
redirecting immune responses to block or control biological processes, e.g. anti-angiotensin
vaccines. For infectious diseases, attenuated vaccines mimic infection and activate the
natural innate responses, including DCs, that transition to immune responses to elicit cell
mediated (Th17, Th1) and antibody immune (Th1, Th2, etc.) responses. Killed and whole,
subunit or recombinant protein vaccines are limited mainly to generation of only Th2
mediated antibody responses. This is mainly due to the means by which the vaccine is
delivered, a bolus of antigen, and the adjuvant used in the immunization, the FDA approved
alum-like adjuvants. Newer adjuvants mimic activators of DCs to promote broader and
better immune responses. The J-LEAPS vaccines act like both an adjuvant (increasing
response) and an immunogen (being antigen specific) and like some adjuvants, will act on
DCs to direct the immune response in a preferred direction. However, the LEAPS vaccines
still require a depot for slow release and recruitment of DC precursors so that they can
promote the maturation of these cells.

Vaccine adjuvants are frequently selected based on their ability to induce an immune
response towards, or away from, a specific T-helper phenotype, Th1, Th17, or Th2, to
promote protective and to limit harmful actions. In the case of the LEAPS vaccines, the
ICBL portion of the conjugate is the primary means of directing the phenotypic spectrum
rather than an adjuvant. The J-ICBL appears to promote Th1 responses to infections while
modulating Th17 and inflammatory responses to autoimmune diseases. The G-ICBL
promotes Th2 responses.

Unlike most vaccine technologies, the J-LEAPS vaccines can activate new or modulate
existing antigen specific immune responses, including autoimmune responses by promoting
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the maturation of a special type of DC that produces IL-12p70 without the proinflammatory
TNF-α cytokine. LEAPS vaccine treatment of CIA and prevention and treatment of EAM in
mouse models of these diseases demonstrated antigen specific immunomodulation.

The mechanisms and modes of action by which LEAPS vaccines initiate new and modulate
ongoing immune responses remains a subject of inquiry [11]. Representative animal models
continue to be used to demonstrate the efficacy of LEAPS vaccines and dissect their
mechanisms of action to initiate protection against infection or modulate the progression of
autoimmune diseases. The animal models were chosen to ensure that nature of the disease,
e.g. location, initiating agent, mechanism of initiation, time of onset and progression of
disease, most resembles the human disease and allows vaccine intervention.

Proposed mechanisms for LEAPS activation of DC and resultant immune responses are
presented in cartoon form (adapted from Rosenthal et al., 2012) [11]. The current hypothesis
for the J-ICBL is: Conjugates of a peptide containing a CD8 T cell epitope linked to the J-
ICBL initiates activation by binding to a receptor on a precursor cell to promote its
maturation to a unique, semi-mature DC, as shown by surface marker changes. Semi-mature
dendritic cells can also promote immunomodulatory tolerance [65] but have the potential to
mature further to promote Th1 or other immune responses (Tc, Ts, Treg). These LEAPS-
DCs produce IL-12p70, and present the immunogenic peptide to T cells to promote IFN-γ
production and a Th1 response. Interestingly, one aspect that makes the LEAPS-DCs unique
is their ability to make IL-12p70 without TNF-α. TNF-α is induced by TLR activation of
DCs and promotes inflammation. IL-12p70, in the absence of TNF-α appears to activate
necessary Th1 responses without excessive and pathogenic inflammatory responses. Th1
responses are required for protection against HSV and other viral diseases. Administration
of JgD-DC or J-influenza-DC also activates the protective T cell response, but without the
inflammatory cytokines that usually accompany cell mediated immunity.

Panel A of Figure 9 shows how a J-LEAPS vaccine initiates a T cell immune response by
interacting with a receptor on a precursor cell, generating a DC which then activates
appropriate T cell responses. Ex vivo (panel B), human monocytes or mouse bone marrow
cells can be activated by J-LEAPS vaccines to become semi-mature DCs which can initiate
Th1 immune responses. Panel C shows a snap shot in vivo of the immune response to an
infectious disease, such as HSV or influenza, and the influence that prior immunization with
a J-LEAPS peptide or LEAPS-DC can have on the resultant immune response, including
antibodies and cytokines. These cytokines define the nature of the T cell help for
immunoglobulin class switching as indicated by the bias towards IgG2a for J-LEAPS
vaccine induced Th1 responses and IgG1 for G-LEAPS vaccine induced Th2 responses.

Representative animal models were used to demonstrate the efficacy of LEAPS vaccines
towards CIA and EAM autoimmune diseases. Like the natural disease, the murine CIA
model for RA has a relatively slow onset and progression, one in which therapeutic
immunomodulation can be initiated, as demonstrated by CEL-2000, and can have an effect
before irreversible tissue damage occurs. In this disease model, we were able to demonstrate
that reduction in the inflammatory mediators, IL-17 and TNF-α, correspond with the block
in disease progression by CEL-2000. Whether the immunomodulation that was observed
represents tolerance or anergy or possibly a redefinition of the nature of the autoreactive T
cells from Th17 to Treg-like or Th1 cells cannot be said at this time. The lack of a
concomitant increase in IFN-γ suggests that Th1 cells were not being generated from the
Th17 cells. The more aggressive and faster developing EAM disease model may have
limited our ability to see all of the changes induced by J-My- 1 that occurred to modulate the
inflammatory disease, but consistent chemokine and cytokine changes were observed.
Polarization of T-cell helper phenotypes often involves balance of competitive cytokines.
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Ultimately, the presence of antigen presenting, unique LEAPS-DCs will initiate new
patterns of cytokines that will influence the activities of the T-cell populations.

Unlike most vaccine technologies, by promoting the maturation of a special type of DC that
produces IL-12p70 without the proinflammatory TNF-α cytokine, the LEAPS vaccines can
activate new or modulate existing antigen specific immune responses, including
autoimmune responses. LEAPS vaccine treatment of RA and prevention and treatment of
EAM in mouse models of these diseases demonstrates antigen-specific immunomodulation.

The immunogenic peptide within the LEAPS vaccine must contain T cell epitopes to drive
the response. As indicated, the length of the peptide can be as short as 8 amino acids (the
minimal size of a CTL epitope) or as long as 33 amino acids (as for JH). For the J-ICBL, the
immunogenic peptide appears to require an MHC I binding CD8 T cell epitope. For the G-
ICBL, an MHC II binding CD4 T cell epitope appears to be important. T cell epitopes are
less variable than antibody recognized epitopes and provide help for B cells that produce
antibodies to other epitopes within the same protein (epitope spreading). As such, a single
epitope vaccine can initiate a broad based response, especially if followed by a protein
challenge, as in the early LEAPS JgB, GgB and Mtb vaccine studies [3,7]. Even for
antibody, monoclonal antibodies are effective as therapies for various infectious and
cytokine mediated conditions. Single epitope monoclonal antibody is effective for
preventing respiratory syncytial virus infection and single epitope immunotherapies for
TNF-α, IL-1, and cell receptors can block the progression of disease in animal models and
humans. Similarly, LEAPS vaccines with single epitopes or even mixtures of LEAPS
vaccines can be effective for eliciting protection and providing therapy.

Future Studies
The future of LEAPS vaccine studies will proceed in two directions, refinement of the
current and development of new LEAPS vaccines against other diseases and determination
of the mechanism by which LEAPS vaccines direct and initiate immune responses. While
advances have been made in identifying the cells that are activated by J -LEAPS vaccines
and there is a literature regarding the G-ICBL [13], there are still many unanswered issues to
solve.

The J-LEAPS vaccines act on murine bone marrow and human monocyte precursors to
convert them into DCs but the mechanism by which this occurs is not known. Covalent
attachment of the J-ICBL and the immunogenic peptide is required for activity. It is likely
that the J-ICBL binds to a specific receptor and the immunogenic peptide binds to another
receptor, possibly MHC I or MHC II, to crosslink cell surface receptors and extend the
occupancy time of J with its receptor. The receptor for the J-ICBL is under investigation.
Activation of kinase and other pathways will follow the binding of J-LEAPS vaccines to
change the repertoire of activated transcription factors and gene expression in the cell.
Identification of these changes and their time course can provide additional hints to the
mechanism of action. Additional studies will determine the ultimate phenotype of the DC
generated by J-LEAPS vaccines and how it modulates T cell function.

Conclusion
The Ligand Epitope Antigen Presentation System (LEAPS™) is a peptide vaccine platform
technology that converts minimal peptides into immunogens, and speeds and directs the
immune response to these peptides. LEAPS vaccines covalently link a disease related T-cell
antigen with a dendritic cell (DC) inducing peptide. LEAPS vaccines are unique in their
ability to activate DCs and T-cells to rapidly initiate and deliver protection or therapy.
LEAPS vaccines have demonstrated protection against lethal herpes simplex virus (HSV1)
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and H1N1 influenza infection, as a prophylactic or therapeutic agent depending upon
whether they are administered pre/post disease initiation. LEAPS vaccines evoke beneficial
immune responses to antigens of HIV and Mycobacterium tuberculosis. LEAPS vaccines
have also shown efficacy in two models of human autoimmune conditions, preventing/
curtailing disease progression in arthritis and myocarditis animal models. Although LEAPS
vaccines have not yet been given to humans, they induce human monocytes in vitro to
become activated DCs similar to mouse DCs including their cytokine response, which
strongly indicates that the LEAPS technology translates to humans. Since LEAPS-activated
DCs can elicit a rapid response, they can be administered prophylactically to rapidly initiate
protection or after exposure to curtail serious infections as treatment and rescue therapies, as
demonstrated in a H1N1 influenza model.

LEAPS peptide and LEAPS-DC vaccines pioneer a new approach to directing T cell
mediated prophylaxis/therapy for influenza (H1N1) and other diseases. Delivering rapid
protection and therapy, the LEAPS technology can be a significant alternative to the current
inactivated or attenuated influenza multi-strain virus vaccines. This transformative approach
has progressed beyond the research phase and LEAPS vaccines would be ready for treating
people worldwide, both adults and children, once clinically evaluated and approved by local
regulatory authorities.

From a practical point of view, LEAPS vaccines are manufactured from low cost, synthetic,
well-characterized, small peptides available in developed and developing countries. These
peptides are easy to manufacture under GMP conditions and can be lyophilized, affording
these vaccines a long shelf-life. Multiple peptides can be incorporated into a single vaccine
for extensive antigenic coverage and to elicit protection in the broadest human population.
The LEAPS influenza product can be administered parentally on a large scale basis using
current adjuvant technologies approved for peptide and protein vaccines or as an autologous
ex vivo LEAPS stimulated cell-based therapy. Extrapolating from these results, it is likely
that LEAPS-DC based vaccines can provide therapy, in addition to prophylaxis, for HSV
and other diseases such as chronic HBV, HCV, CMV, EBV and HIV.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Examples of LEAPS vaccines
The J-ICBL or the G-ICBL is attached to an HSV epitope (gD) through a triglycine linker.
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Figure 2. LEAPS and experimental autoimmune myocarditis
Hearts from normal A/J (left) mouse and a littermate induced to develop EAM, as described
in the materials and methods (right). Hearts from mice (n=20) pretreated with J-MY-1 prior
to induction of EAM were indistinguishable from the normal heart.
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Figure 3. Disease progression of untreated and CEL-2000 treated collagen-induced arthritis
(CIA) mice
A. Arthritic Index (AI) of CIA mice (n=8). DBA/1J mice (7–8 week old males) received 2
injections 100μg bovine collagen, the first emulsified with CFA (day 0) and then 3 weeks
later (day 21), in IFA. On day 31, the mice were grouped to have a balanced range of scores
between 1 and 6 per group with a mean score ~3.5.
Therapy was initiated after grouping of mice on day 31 of study. J-LEAPS conjugate
CEL-2000 (100nmol) was administered in ISA51vg adjuvant (courtesy Immunovaccine
Inc.) on days 0 and 14 after grouping (arrows). Control groups were either untreated or
treated with TNF-α receptor antagonist, etanercept (Enbrel®). Chart shows average AI and
standard deviation.
B. Examples of hind limbs of CIA-affected mice. Severity is scored on a scale of 1–4 for
each paw, with a maximum score of 16 per animal. Representative paws with the indicated
clinical score are shown.
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Figure 4. Histology of joints from CEL-2000 treated and untreated mice following induction of
CIA
16x Photomicrographs of hind paws of representative CIA mice at end of study (day 60)
untreated (left) or treated with LEAPS (right). Arrows indicate affected joints.
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Figure 5. CIA associated serum cytokines
Serum from CIA induced DBA/1J mice was collected on days 0 and 10 of therapy tested by
protein array analysis, represented as a ratio of densitometry results relative to results for
VEGF. Groups (n=8) were untreated, treated with Enbrel every other day, or immunized
with 33nmol CEL-2000 in MAS-1 (another adjuvant from MerciPharma, and has similar
action to ISA51vg)day 0 Adapted from [9].
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Figure 6. JgD immunization prevents the progression of HSV zosteriform disease
Comparison of disease progression in unvaccinated and mice vaccinated with the JgD
vaccine and then challenged with HSV-1 H129 (6 × 104 pfu) by epidermal abrasion. Mice
were observed for lesion development for up to 10 days post-infection. Lesion score: scores
of 1 or 2 indicates local site lesions; score ≥3 indicates progression to secondary site (zoster
spread); score of 7 indicates death. JgD vaccinated mice had significantly (Student’s t-test P
< 0.05) lower disease symptoms (from day 3) as compared to the Seppic ISA-51 treated
control mice (A), and fewer mice were affected by zosteriform lesions (B). (C)
Representative photographs of control (Top, not infected) and unvaccinated infected mice
exhibiting zosteriform lesions (middle) to severe (score of 6) at the bottom..
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Figure 7. Monoclonal antibody ablation of immune components during the induction or effector
phases of immunity to JgD
Mice were immunized on day 0 and 21 with JgD vaccine in adjuvant or with adjuvant alone.
Before the initial immunization or before the viral challenge as appropriate, select groups
(n=7) of mice were treated with monoclonal antibodies to CD4, CD8, IFN-γ or control
serum [6,18]. The survival is shown following zosteriform HSV-1 viral challenge. Ablating
antibody may remain present during the challenge period.
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Figure 8. Characterization of antibody isotypes and specificity after J or G (derG)-LEAPS
vaccine immunization and antigen challenge
Panel A. Antibodies generated in CEL-2000 immunized or unimmunized mice in the CIA
model, adapted from [9].
Panel B. Antibodies generated after HSV infection of animals immunized with JgD, adapted
from [6].
Panel C. Antibodies generated following immunization with J-MY1, adapted from [10].
Panel D. Antibodies produced by HSV infected mice following immunization with HSV
JgB, GgB or gB, adapted from [7].
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Figure 9. LEAPS activation of human and murine immune systems
Panel A. J-LEAPS conjugates bind to an unknown receptor such as a MHC or other
molecule to induce maturation of a DC precursor; Maturation of the precursor to a semi-
mature CD8 expressing DC is accompanied by production of IL-12p70 but not TNF-α;
Interaction of the J-LEAPS-DC with T cells activates the cell and steers the cell to make
IFN-γ to promote a Th1 response.
Panel B. Ex vivo treatment of human monocytes or mouse bone marrow cells with J-
LEAPS vaccines generates a unique semi-mature DC which steers the T cell toward a Th1
response.
Panel C. During viral (HSV or influenza) infection, inflammation and viral pathogenesis
cause disease. Prior immunization with J-LEAPS vaccines generates T cells that rapidly
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control and restrict the spread of infection and limit the inflammation. Administration of
LEAPS-DCs (as shown for influenza) after infection will rapidly activate T cell responses,
limit inflammation, virus production and disease production.
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