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Abstract Vaccines have been valuable tools in the prevention
of infectious diseases, and the rapid development of new vec-
tors against constantly mutating foreign antigens in viruses
such as influenza has become a regular, seasonal exercise.
Harnessing the immune response against self-antigens is not
necessarily analogous or as achievable by iterative processes,
and since the desired outcome includes leaving the targeted
organism intact, requires some precision engineering. In
vaccine-based treatment of autoimmunity and cancer, the
proper selection of antigens and generation of the desired
antigen-specific therapeutic immunity has been challenging.
Both cases involve a threshold of existing, undesired immu-
nity that must be overcome, and despite considerable academ-
ic and industry efforts, this challenge has proven to be largely
refractory to vaccine approaches leveraging enhanced vectors,
adjuvants, and administration strategies. There are in silico
approaches in development for predicting the immunogenicity
of self-antigen epitopes, which are being validated slowly.
One simple approach showing promise is the functional
screening of self-antigen epitopes for selective Th1 antitumor
immunogenicity, or inversely, selective Th2 immunogenicity
for treatment of autoimmune inflammation. The approach re-
veals the importance of confirming both Th1 and Th2 com-
ponents of a vaccine immunogen; the two can confound one

another if not parsed but may be used individually to modulate
antigen-specific inflammation in autoimmune disease or
cancer.

I. Choosing antigens

Cancer

The identification of tumor antigens, such as HER2 [1], has
catalyzed the development of biotechnologies, such as
custom-designed antibodies, which when administered can
recruit endogenous immune cells to tumors to destroy or sup-
press them. Indeed, trastuzumab has become the biggest-
selling drug in breast cancer therapy [2] despite being relevant
only for tumors that overexpress HER2 and despite the pres-
ence of HER2 in other tissues such as cardiac and vascular
endothelial [3] that create toxic liabilities for the drug. Next-
generation payload-bearing antibodies, dually specific anti-
bodies, targeted fusion proteins, and antibody fragments pop-
ulate an expanding compendium of antigen-targeting biotech-
nologies. Another approach taken against HER2 was to de-
velop vaccines that could stimulate HER2-specific immunity
by introducing it to the immune system in contexts that en-
courage an inflammatory (Th1) response. In this general strat-
egy, antigens whose expression is highly restricted to tumors
are desirable; cancer-testis (CT) antigens with obscure func-
tions like MAGE-A3 and NY-ESO-1 were targeted, as were
overexpressed proteins like HER-2,MUC-1, and CEA, whose
biologic functions were better understood and expression pat-
terns also restricted [4–6]. In most vaccine approaches, there
has been little ability to select antigens for their biological
relevance to cancer other than expression pattern and therefore
a theoretical lack of ability to target key, truncal, or essentially
functioning cells within a tumor. Moreover, the simple
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approach of introducing the full-length antigen accompanied
by adjuvants or immune-skewing moieties in the vector, in
attempt to break tolerance against these self-antigens, has pro-
duced inconsistent results for reasons discussed below.

In general, however, the purpose of a vaccine is often to
turn a Bcold^ tumor Bhot,^ i.e., generate inflammatory T-cell
immunity (Th1) against tumor antigens with enough potency
to overcome either the absence of a T-cell immune response to
the tumor or a preexisting tolerant response, which tends to be
immune-suppressing (Th2). Successful vaccination would be
reflected in the infiltration of tumors by lymphocytes (TIL)
with predominantly Th1 rather than Th2 or regulatory T-cells
(Treg), which correlate to positive and poor outcomes, respec-
tively [7] across solid tumor types.

Autoimmune

In autoimmune disease, the problem of identifying good vac-
cine antigens requires a different perspective; the task is more
akin to putting out a fire that has already started by identifying
its source of fuel. Furthermore, unlike cancer, symptoms of
autoimmune disease can result from generalized inflamma-
tion, bystander effects, and the irretrievable loss of target tis-
sues; as such, these diseases can have elusive pathogeneses.
An important caveat is that the T-cellular immune system is
predisposed to putting out fires: Th2 immunity suppresses
Th1, which is discussed below as a fundamental concern in
vaccine strategies employing full-length antigens.
Autoimmune diseases like multiple sclerosis, rheumatoid ar-
thritis, and type I diabetes have well-established anatomical/
tissue targets with disease-associated proteins; these include
proteins enriched in the myelin sheath of neurons, such as
myelin basic protein (MBP), myelin oligodendrocyte glyco-
protein (MOG) [8]; abundant in the joints, such as type II
collagen, aggrecan, vimentin, and fibrinogen [9]; and
expressed in pancreatic beta cells, such as GAD65 [10], re-
spectively. In this context, the goal of a vaccine would be to
provide anti-inflammatory or suppressive T-cell immunity
against a pathogenic antigen responsible for initiation of the
existing autoimmune response. Here, issues arise as to which
antigens are pathogenic, which are immunogenic due to epi-
tope-spreading, and how important it is to discriminate be-
tween them for the purpose of avoiding off-target effects.
For some autoimmune diseases, such as neuromyelitis optica,
a pathogenic antigen, aquaporin-4, has been identified and
attempts to target it are underway [11]. Unlike with cancer
vaccines, the goal is not to generate new tissue-destructive
immunity but to repress it in a targeted manner.

In autoimmune disease drug development, recapitulation
of disease in testable models may be more complex than in
cancer, and preclinical efficacy can be difficult to measure
with reproducibility. This is important because of the thera-
peutic objective, which is to reduce inflammation that may

have spread to multiple antigens by stimulating anti-
inflammatory immunity against single, high-confidence anti-
gens. It is not clear that the antigens useful for disease model-
ing are also the relevant therapeutic targets [12, 13]. In drug
development for multiple sclerosis, for example, inferences
are often made in animal models of experimental autoimmune
encephalomyelitis (EAE) by vaccinating with antigens like
MBP or MOG, or even simple homogenate of spinal cord in
combination with complex adjuvant mixtures that stimulate
strong non-specific inflammation. Each model produces
symptoms that differ among rodent species and in responsive-
ness to experimental therapies, and likely in the immune
threshold that must be overcome by the treatment being tested.
These caveats notwithstanding, the key issue of therapeutic
immunogenicity is analogous to the Th1 objective in cancer:
there is a need for the ability to generate Th2 immunity with
potency, durability, and safety against the antigens crucial for
disease pathogenesis.

II. Attempts and failures, the problem

As an ongoing concern for the FDA when evaluating new
vaccines against self-antigens, autoimmune toxicity is perhaps
foremost but has been minimized by large retrospective stud-
ies showing the approach to be safe in general [14]. Vaccine
approaches against cancer have expanded both in terms of the
antigens targeted and the vectors and adjuvants developed in
conjunction and have shown hints of efficacy in late-stage
studies [15–17]. However, new vector and adjuvant systems
have not improved on the inconsistent performance of these
vaccines [18–20]. This is due, at least in part, to fundamental
aspects of the vaccine antigens that have been overlooked.

Early efforts to develop vaccine approaches targeting self-
antigens were made with heavy emphasis on the vector and
context around the antigen-presenting event by antigen-
presenting cells (APCs). This is particularly true in industry
development efforts where a short list of single antigens have
been, and indeed continue to be, fitted to myriad delivery
platforms. Key examples that span an array of vectors/
adjuvants include HER-2, MUC1, and MAGE-A3, which
have all been in clinical trials in multiple forms with multiple
companies, none of which have resulted in a successful vac-
cine product. In many cases, preclinical data indicating that a
Th1 response to the full-length antigen could be generated
was obtained, and the vaccines were carried forth into late-
stage clinical development where they failed to demonstrate
consistent, meaningful efficacy [21–25]. As product develop-
ment efforts, these studies were not designed to identify or
troubleshoot potentially fundamental, basic scientific issues
with the technical approach. A prevailing concept that may
contribute to slow progress in vaccine development is that
there are no essential sequence-specific or other intrinsic
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properties that determine the immunogenicity of epitopes.
That is, the concept that epitope immunogenicity is entirely
manipulable with adjuvants or other technology, and basic
epitope features do not commit the T-cell irreversibly to a
specific immune phenotype when they are presented.
However, basic principles of vaccine antigen-stimulated im-
munogenicity that undermine this assumption have beenmade
in recent translational academic work and create new oppor-
tunities for innovation in immunotherapy.

As a prototypical cancer-testes antigen, NY-ESO-1 has been
studied by academic groups extensively, and fundamental prin-
ciples that govern the immunogenicity of vaccine constructs
derived from it seem to reveal a likely source of problems
encountered in late-stage clinical studies of cancer vaccines.
Specifically, multiple predicted MHCII epitopes in NY-ESO-
1 have been identified, tested, and found to have mixed immu-
nogenicity, generating opposed or mixed immune responses of
Th1 and/or Th2 due to promiscuity of MHC binding [26–28].
Such epitopes would be expected to produce confusing results
if used in a vaccine study without somehow tracking the HLA
types of patients. More direct evidence of the futility that inad-
equately characterized antigens can produce are studies dem-
onstrating that there are multiple Treg-inducing peptide epitopes
in the NY-ESO-1 sequence, conserved among patients, which
suppress Th1 immunity (CTL) in a full-length vaccine, or even
exacerbate disease [29–32].

These observations support the existence of a fundamental
problemwith using full-length antigen or an imprecisely select-
ed epitope in a vaccine for either cancer or autoimmune dis-
ease: mixed, confounding immunogenicity. The problem is
most evident in the context of a cancer vaccine, wherein Th2
immunity suppresses the desired Th1 arising from a full-length
vaccine antigen, illustrated in Fig. 1 (default Th2 responses to
full-length antigens: Th2 epitopes in the full-length protein
vaccine elicit preferentially suppressive immunity in the tumor
microenvironment, abrogating inflammatory immunity pro-
duced by rarely presented Th1 epitopes). Historically, cancer
vaccines have delivered full-length antigens or imprudently
selected portions of the antigen sequence as the basic immuno-
genic component, relying on vector or adjuvant technologies to
skew the immunogenicity towards Th1. The problems associ-
ated with full-length NY-ESO-1 have been associated with oth-
er vaccine antigens in other platforms as well [33, 34].

The importance of Th1, specifically CD4+ Th1 immunity
derived from vaccines, is further exemplified in the personal-
ized, self-escalating immunity it can generate. Removing Th2
epitopes and selecting for Th1-only MHCII/CD4+ T-cell epi-
topes can result in a construct that makes unfettered Th1 im-
munity in a vaccine, as illustrated in Fig. 2 (selection of Th1-
only epitopes/removal of Th2-only epitopes produces unfet-
tered Th1: Th1 epitope vaccine elicits CD4+ T-cell-mediated
inflammatory type 1-immunity only, reversing the immune-
suppressive cytokine environment, recruiting CD8 killer T-

cells and escalating the response via epitope spreading).
Furthermore, in contrast to MHCI epitope vaccine-
stimulated CD8+ killer T-cells, which execute a simple cyto-
toxic attack and are subsequently dispatched, CD4+ T-cells
coordinate escalation of IFNγ production and APC activity
in the tumor microenvironment, which can lead to cross-prim-
ing, tumor cell lysis, new antigen presentation, and develop-
ment of new immunity reflected in epitope spreading. This is a
consequence of sufficient vaccine-stimulated immune activa-
tion in the tumor microenvironment to generate expanded an-
titumor immunity to other tumor antigens, custom-made by
the patient’s immune system, and correlates to positive prog-
nosis in patients treated with cancer vaccines [35–40]. Indeed,
it resembles autoimmunity directed at the tumor.

Thus, Treg- and Th2-stimulating sequences in full-length or
incompletely phenotyped vaccine antigens work to handicap the
desired antitumor Th1 immunity. Importantly, even selecting a
known, predicted MHCII-binding neoepitope from a tumor an-
tigen does not presage effective immunogenicity, as demonstrat-
ed most dramatically with a neoepitope vaccine developed for
glioblastoma, directed against the EGFRvIII point mutant. In
phase 2 studies, this vaccine did not demonstrate generation of
an effective T-cell response, and the phase 3 study was
discontinued for futility [18]. This result suggests that simple
novelty of epitope sequence does not confer particular immuno-
genicity to the vaccine construct, even if it is already predicted to
bind MHCII. We hypothesized that the essential phenotype-
determining signals may be specifically encoded in the epitope
sequences themselves, and that careful dissection of the immu-
nogenicity of individual epitopes in cancer antigens could reveal
candidates that generate selective Th1 immunity and could be
developed as active principle ingredients for broadly efficacious
vaccines. Further, there may be a yin-yang relationship between
Th2 and Th1 epitopes that generates a net Bdefault^ response of
tolerance to a self-antigen and could serve as a buffer or thresh-
old for breaking tolerance to the whole antigen.

New methods

This hypothesis led to a significant modification of our ap-
proach to epitope identification. First, we identify putative
class II epitopes via a multialgorithm approach to ensure re-
sponsiveness across diverse HLA alleles [41]. Secondly, we
perform population-based screening of predicted epitopes to
determine potential sequences that may elicit Th2/Treg.
IGFBP-2 had been defined as a tumor antigen in ovarian can-
cer [42]. We screened predicted epitopes in ELISPOT evalu-
ating IFN-g and IL-10 responses in 40 individuals with class II
alleles that were representative of the North American popu-
lation [43]. We found that there were sequences of IGFBP-2
that, across all individuals studied, elicited primarily IFN-g or
IL-10 responses. T-cell lines derived from the IFN-g-inducing
peptides showed little to no evidence of type II cytokine
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Fig. 2 Removing Th2 epitopes and selecting for Th1-onlyMHCII/CD4+T-cell epitopes can result in a construct thatmakes unfettered Th1 immunity in a vaccine

Fig 1 Th2 immunity suppresses the desired Th1 arising from a full-length vaccine antigen
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secretion while similar T-cells specific for IL-10-inducing
peptides showed little type I cytokine secretion. The expanded
T-cells secreting type II cytokines in response to IGFBP-2
were not Treg but conventional Th2. However, it is known that
vaccine-induced Th2 can have the same immunosuppressive
effects as Treg [44]. The IFN-g-inducing sequences clustered
in the N-terminus domain while the Th2-inducing peptides
were found in the C-terminus domain. Mice immunized with
the N-terminus vaccine (p1-163) developed significant levels
of antigen-specific type I T-cells with little to no type II cyto-
kine secretion. Mice immunized with the C-terminus (p164-
328) construct developed T-cells that selectively elicited type
II cytokine secretion. Immunization with the N-terminus vac-
cine significantly inhibited the growth of an implanted synge-
neic epithelial tumor, while immunization with the C-terminus
had no effect on tumor growth. Of note, when equal concen-
trations of the two vaccines were admixed and then used to
immunize, the Th2-inducing vaccine completely abrogated
the antitumor efficacy of the Th1-inducing vaccine. The Th2
generated are of a higher functional avidity than the Th1 cells
elicited, thus may compete more effectively for antigen/MHC
complexes at the site of the tumor. Thus, Th1-selective vac-
cines may allow unfettered expansion of both Th1 and CTL
without the dampening effects of natural epitopes found with-
in self-proteins associated with immune regulation.

Serendipitously, once the principle of splicing-out Th2 epi-
topes for unfettered Th1 immunogenicity is recognized, the se-
lection of antigens becomes far more rewarding. One is not
limited to seeking target antigens with expression restricted
somehow to tumors or whose functions are unknown.
Furthermore, one need not restrict oneself to Bneo^ epitopes that
arise due to somatic mutations in each individual’s tumor. One
can instead focus on antigens that (1) have a key role in tumor-
igenesis, (2) are overexpressed in tumors, and (3) whose over-
expression is linked to poor prognoses. Genomic amplifications
are perhaps more common in solid tumors than are any partic-
ular mutations; the resulting overexpressed proteins, therefore,
make good targets for cancer immunotherapy. Key advantages
to this strategy are that overexpressed tumor antigens are often
conserved across species in function and are cellular Bdrivers,^
making them more likely to be truncal to a tumor. Furthermore,
these driver genes are often highly homologous across species in
sequence, yielding convenient cross-reactivity of vaccine epi-
topes among humans and model animals. It is specifically the
overexpression of a tumor antigen at high levels that generates
vaccine targets, in the form of a Bneo-repertoire^ of subdomi-
nant epitopes that are presented and generate Th1 immunity [45,
46] targetable specifically to the tumor.

Applications in autoimmunity

Immune approaches to treatment of autoimmune disease are
often less focused on the molecular features of self-antigens

than are cutting-edge approaches to cancer. The most com-
monly used therapies sequester T-cells from their target tissues
(antibodies like natalizumab; sphongosine-1-phosphate recep-
tor agonists like fingolimod), destroy immune cells (antibod-
ies like rituximab, drugs like cyclophosphamide), suppress
immune cells (antibodies like abatacept), or suppress inflam-
matory cytokines or their receptors directly (antibodies like
daclizumab and adalimumab; fusion proteins like etanercept).
These approaches are effective but suppress immune re-
sponses broadly and leave patients susceptible to infections
and some cancers. Even the most Btargeted^ of these ap-
proaches, focused on a single selected antigen, are so targeted
by virtue of that antigen’s tissue or cellular expression pattern,
rather than by leveraging molecular features of the antigen to
modulate immunity against it per se. The concept of an
epitope-based approach for enhancing tolerance to a self-
antigen may not make as much intuitive sense as it does in
cancer, where Bskewing^ the default immunity away from
tolerance makes the concept seem compulsory.

Most antigen-focused research in autoimmune disease has
been directed at identifying key, pathogenic antigens as the
penultimate step to formulation of a tolerance-inducing thera-
peutic. Perhaps analogous to the Bneoepitope^ in tumor im-
munology, posttranslational modification of arginine residues
in prote ins yie lding subst i tu t ion with ci t rul l ine
(Bcitrullination^) can be immunogenic. For example,
biomarkers/diagnostics for rheumatoid arthritis (RA) include
the presence of anticitrullinated protein antibodies (APCAs) in
patients that accumulate in the joints and bind synovial pro-
teins [47– 49] (such as citrullinated filaggrin, fibrinogen,
vimentin, and collagen type II [50, 51]. The concept is that
these new citrulline-based residues generate new T-cell epi-
topes that bind HLA-DR alleles with differing, perhaps higher
affinity and lead to the generation of a tolerance-breaking and
inflammatory immune T-cell response to the antigen.
Furthermore, there is an association of increased presence of
citrullinated proteins with autoimmune tissue damage and low
rates of remission.

The therapeutic approach that leverages citrullinated anti-
gens includes the attempted induction of tolerance to these
antigens via chronic, low-level exposure to the citrullinated
epitopes by administering them as peptide injections. In one
study, a multi-epitope peptide composed of citrullinated col-
lagen, filaggrin, and beta-fibrinogen peptides confirmed to
bind ACPAswas shown to reduce symptoms in an experimen-
tal autoimmune arthritis model, and interestingly, to result in
upregulation of Tregs, reduction in IL-17+ CD4 T-cells, and
increased T-cell apoptosis [52]. These effects were presumed
to be due to direct induction of a T-cell response by APC-
mediated uptake and processing and presentation of the epi-
topes embedded in the peptide, although no attempt was made
to characterize specifically the immunogenicity of these pep-
tide epitopes.
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Efforts to generate antigen-specific tolerance in RA have
also been made in clinical studies using autologous dendritic
cells (DCs), differentiated ex vivo by various protocols to a
basal tolerogenic phenotype and then imbued with antigen
specificity. In this case, citrullinated antigen peptides are
pulsed into the DCs, and the immunogenicity of the response
is controlled directly by the DC vehicle. In a phase I first-in-
human study, HLA-DRB1-restricted RA patients treated with
corresponding peptide-pulsed DC vaccine Rheumavax exhib-
ited cellular immune responses to the vaccine that suggest a
reduction in T-effector (Teff) cell population and increase in
the ratio of Treg to Teff. Here again, the epitope sequence is not
leveraged specifically for immunogenic properties [53].

Nanoparticles loaded with tolerance-inducing chemicals
also show promise as vehicles for delivery of antigenic pep-
tides, including proinsulin in preclinical models of type 1 di-
abetes, where they appear to induce tolerogenic DCs [54].
These approaches stay one degree of separation away from
the event of epitope presentation to the T-cell receptor, where
the first phenotype-determining signal to the T-cell occurs.
The reliance on technology platforms to manipulate the im-
mune response to an antigen irrespective of possibly unknown
determinants in the antigens themselves may simply reflect
the scarcity of other crucial tools.

As a more fundamental approach, there have been efforts to
make peptide vaccines for multiple sclerosis (MS) by
selecting possibly immunogenic sections of associated anti-
gens like myelin basic protein (MBP), and MOG. ATX-MS-
1467 is an interesting pool of MHCII peptide epitopes derived
from MBP which bind directly to MHCII on mature DCs
without intracellular processing [55]. Termed Bapitopes^, for
Bantigen-processing independent epitopes,^ these peptides are
selected CD4+ T-cell epitopes and mimic the naturally proc-
essed epitopes [56, 57]. Dissimilar from a vaccine, ATX-MS-
1467 is delivered as soluble peptides that bind to MHCII di-
rectly, inhibit both Th1 and Th2 responses, and produce a
negative feedback response that includes IL-10 secretion
[58]. In a small phase 1 study, investigators observed that
treatment with ATX-MS-1467 was safe and led to a temporary
reduction in T-cell proliferation and increase in IL-10 produc-
tion in response to MBP 1 month after treatment, suggesting
some tolerogenic efficacy. ATX-MS-1467 is typically com-
pared to glatiramer acetate (GA), an immune Bdecoy^ for
MBP composed of a random polymer of its constituent amino
acids, and an approved injectable drug for treatment of MS.
GA is marketed as the injectable drug Copaxone, which typ-
ically generates in excess of $1 billion in sales and now has
generic competition on the market.

In the realm of bona fide vaccines, there are few efforts that
have reached the clinic. A full-length MBP antigen DNAvac-
cine for therapy of MS was taken through phase I and II
studies in relapsing-remitting patients and showed (1) reduc-
tion of antigen-specific autoantibodies, (2) reduction in

myelin-reactive IFNg-producing T-cells, and (3) some im-
provements in radiologically imaged lesions. However, these
effects did not correspond to dose escalation and did not meet
primary endpoints [59, 60]. The vaccine was given intramus-
cularly either alone or with atorvastatin as an adjuvant-like
Th2-stimulating immunomodulator; atorvastatin had no
added effect on endpoints in the study. The lack of well-
characterized adjuvant/co-modulator and intramuscular injec-
tion route may have contributed to lack of immunogenic po-
tency with this vaccine, and there remains a paucity of targeted
antigens for MS that may be related to methods of immuno-
genic epitope selection.

Even in autoimmune diseases like neuromyelitis optica,
ostensibly a singly aquaporin 4-pathogenic disease, there do
not appear to be off-the-shelf vaccines in active development.
In general, antigen-specific approaches in autoimmune dis-
ease seem to be lagging behind cancer in terms of industry
clinical studies. This may be because some autoimmune dis-
eases can be managed chronically, and non-specific cytotoxic
or immune-suppressive therapies such as anti-B cell antibod-
ies, cytotoxic drugs, or various cytokine-targeted
biotherapeutics can be effective and administered somewhat
infrequently.

The identification of Th2-selective epitopes from tumor
antigens, which suppress the inflammatory immunity desired
for cancer therapy, suggests that Th2 epitopes from pathogen-
ic antigens in autoimmune disease could be used for anti-
inflammatory therapy in this context.

Basic approaches to finding epitopes/Th1 vs Th2

The prediction of avid MHC binding has been used for a long
time to identify potentially important vaccine and other im-
munogenic epitopes, often in combination with other identi-
fying information such as homology to foreign species or
common mutations. Sequence homology and in silico predic-
tion algorithms have been used as an Bimmunoinformatic^
approach to troubleshoot large peptide sequences for unwant-
ed immunogenicity in vaccine designs or recombinant protein
constructs, with Bdeimmunization^ [61–64]. As the compen-
dium of well-characterized self-antigen epitopes grows, there
may be homology-based relationships uncovered that reveal
sequence features linked to inherent Th1 vs Th2 or other im-
munogenic properties to epitopes.

The most modern and data-driven approaches to self-
antigen vaccine development have recognized that simple de-
livery of a full-length recombinant protein corresponding to a
tumor-associated marker is not an effective means of vaccina-
tion. The vast majority of new vaccine platforms have incor-
porated heavily engineered vectors that carry intrinsic danger
signals (listeria, oncolytic viruses), complex prime-boost strat-
egies, approaches to deliver antigens directly to APCs, autol-
ogous cellular vehicles, or approaches to Bpersonalize^ a
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vaccine to actual peptides found in the tumor. In fact, Bperson-
alization^ of vaccine by targeting neoepitopes, which may be
immunogenic in addition to being restricted to the individual’s
tumor, is generating enormous new enthusiasm for tumor vac-
cine development. It is not clear that a neoepitope has intrin-
sically greater efficacy in a vaccine than do Th1 epitope dis-
covered a priori from an antigen overexpressed in cancer, and
the balance between the value and cost of personalization may
make it less clear that the approach will be feasible from a
practical standpoint.

In therapy of autoimmune disease, awareness of the need
for antigen-specific treatments is escalating because of the
dangers and inadequacies of non-specific, systemic suppres-
sion of inflammatory immunity. Entire classes of drugs de-
signed to treat underlying disease rather than just the inflam-
mation (e.g., disease-modifying antirheumatic drugs or
DMARDs) have been defined but even targeted biologics
have potentially deadly side effects because they target cell
types responsible for immunity broadly. The ability to target
specific antigens playing an instigating role in the establish-
ment of chronic inflammation by leveraging the right, Th2-
selective epitopes in a vaccine would provide an unprecedent-
ed degree of specificity and safety, and furthermore, possibly
even prevent disease.

Regardless, it is clear that the balance of Th1-/Th2-selec-
tive immunogenicity of self-antigen epitopes must be fully
characterized when targeting an antigen for a specific immune
application, and novel methods to do so may accelerate the
development of effective vaccines for the treatment and pre-
vention of cancer and autoimmune diseases.
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