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Abstract
Loss of p53 tumor suppressor function is the most common abnormality in human cancer, which
can result in enhanced presentation to immune cells of wild type sequence (wt) peptides from
tumor p53 molecules, provides the rationale for wt p53 peptide-based cancer vaccines. We review
evidence from preclinical murine tumor model and preclinical studies that led to the clinical
introduction of wt p53 peptide-based vaccines for cancer immunotherapy. Overall, this review
illustrates the complex process of wt p53 epitope selection and the issues and concerns involved in
the application of p53-based vaccines for patients with cancer.
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Introduction
The development of therapeutic anti-cancer vaccines is based on the premise that tumors
express MHC allele-restricted epitopes which are antigenic, i.e., can be recognized by host’s
immune T cells and can induce their expansion as well as differentiation into cytolytic
tumor-specific effector and memory T cells [1, 2]. In recent years, it has become clear that
tumor-associated epitopes are largely self, and while they can prime T cells, especially when
cross-presented on dendritic cells (DC), these interactions result in the induction of epitope-
specific T cells with low to intermediate affinity. Such T cells will not induce autoimmunity
but neither are they likely to be effective in tumor cell elimination. Another important
principle that has emerged relatively recently concerns the ability of the tumor to avoid
recognition by immune cells, i.e., to escape from the host’s immune system. Tumor escape
can be mediated by a variety of mechanisms, including the loss of epitopes recognized by T
cells [3]. In many instances, such an epitope loss makes tumor cells resistant to immune
lysis by effector cells. However, when immune cells are present and are able to eliminate
tumor cells expressing the relevant antigenic epitope, they leave behind tumor cells that do
not. As a result of this process called “immunoediting,” tumor cells that are not recognized
by T cells expand and thrive. Thus, the host immune system participates in the selection of
immuno-resistant tumor variants. Still another insight into the immune system-tumor
interaction suggests that tumor epitopes that are essential for tumor cell survival are the
optimal targets for immune intervention, since tumor cells would not survive if they
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downregulated or lost expression of these epitopes as part of a tumor immune escape. The
emerging recommendations for the development of antitumor vaccines emphasize the need
for a judicious selection of epitopes endowed with properties of strong immunogenicity, low
likelihood of inducing the epitope loss and uniformly strong expression in the majority, if
not all, tumor cells. Only a few tumor-derived epitopes fit the above described profile.
Among them is p53, a tumor suppressor, which appears to be an interesting exception, and it
represents an attractive target for antitumor vaccines [4, 5].

Mutations in the p53 gene resulting in a loss of function are the most common abnormality
in epithelial tumors, which occurs in >80% of all cases [6–8]. Missense mutations in p53
usually increase its stability and can lead to the protein accumulating in the cytosol of tumor
cells, and counterintuitively for reasons not yet defined, to its enhanced processing by
antigen processing machinery (APM) [9]. These changes in p53 favor enhanced presentation
to T cells of the multiple wild-type (wt) sequence peptides, that is, non-mutated “self” p53
sequence epitopes derived from p53 molecules. A loss of p53 function in tumors can also
occur due to rapid degradation of wt p53 molecules or p53 molecules genetically altered by
frameshift or deletion mutations, conditions which also can promote enhance presentation of
wt p53 epitopes [10–13]. In aggregate, therefore, a solid rationale can be made for the use of
wt sequence p53 epitopes as components of antitumor vaccines.

In this review, we first present evidence derived from various animal tumor models for
successful tumor rejection in animals immunized with wt p53 peptide-based vaccines in the
prophylactic and therapeutic settings. Translation of these in vivo findings in mice to human
tumors and immune cells in a series of ex vivo experiments is then summarized. This part of
the review provides further support for the concept of vaccination with wt p53 epitopes in
humans with cancer. Finally, we describe the phase I clinical trials recently performed or
currently in progress, in which wt p53 peptide vaccines have been used for immunotherapy
of patients with cancer. Overall, this review is designed to illustrate the complex process of
wt sequence p53 epitope selection and the application of selected p53 epitopes to antitumor
vaccine development for patients with cancer.

Processing and presentation of wt sequence p53 eptiopes
All vaccination strategies depend on successful processing of antigenic epitopes by APC and
presentation of the epitope-MHC complexes to T cells. Processing and presentation to T
cells of antigenic epitopes is a complex process involving antigen processing machinery
(APM) components located in the endoplasmic reticulum of the APC, such as dendritic cells
or B cells [14]. Tumor cells can also function as APC. Endogenously-derived epitopes are
usually but not exclusively processed by the class I MHC pathway, while exogenous
antigens are directed into class II MHC pathway [15]. As a result of processing, an epitope
emerges on the surface of an APC, whether tumor or DC, and is displayed in association
with MHC molecules to T cells expressing a cognate T cell receptor [16]. Processing of wt
p53 epitopes follows the same rules, and because p53 is a source of numerous peptides that
can presumably be processed in the tumor cell or DC via the MHC class I and/or MHC class
II pathway, an opportunity exists for generating wt sequence p53 epitope-specific T cells
that have helper (“Th1”) or cytotoxic (“Tc1”) activities [17]. These peptide-specific T cells
collaborate in mounting an anti-p53 immune response, and the ability to reliably induce both
effector and helper T cells is a crucial factor in any successful vaccination strategy [17].
Wild type (wt) sequence p53 epitopes which induce CD8+ cytotoxic T cells and those which
induce CD4+ helper T cells have been identified (see Table 1) and can be combined for
delivery as a multi-epitope vaccine.
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Selection of wild-type sequence p53 epitopes as a vaccine target
Although p53 was initially identified as a tumor antigen using antibodies present in the sera
of mice immune to chemically-induced tumors, the potential use of wt sequence p53 in
peptide-based vaccines for cancer was not considered until much later when the significance
of accumulated p53 became understood. In normal cells, wt p53 molecules are sequestered
in the nucleus and have a relatively short half-life. A missense mutation in p53 is frequently
associated with the stabilization (i.e., increased half-life) of mutated p53 molecules in the
tumor cytosol referred to as p53 “accumulation or overexpression.” This accumulation
resembles overexpression or de-repression of several tumor-associated antigens, such as
HER-2 or MAGE, selected for use in cancer vaccines. In contrast to these shared tumor
antigens, however, two types of p53 epitopes exist: (i) mutated, which are “foreign or non-
self,” and (ii) non-mutated or “self” wt p53 peptides, which are derived from the unaltered
portions of p53 protein in the tumor. Although mutated “foreign” epitopes are likely to be
strongly immunogenic, they are not attractive as vaccine components, since a vaccine
targeting the mutated epitope is applicable only to one or very few individuals harboring an
identical mutation. Furthermore, in order to be processed and presented, a p53 mutation
must occur within or create an epitope that can fit into and be presented by MHC alleles
expressed by the tumor. Consequently, targeting mutant p53 epitopes would require the
preparation of “custom made” vaccines [18]. In contrast, wt p53 epitopes, although “self,”
have properties similar to those of shared tumor antigens and would be processed and
presented by most tumors with a loss of p53 function due to direct or indirect genetic events
affecting this tumor suppressor gene product [13, 19]. Such vaccines would be broadly
applicable. However, the development and clinical application of wt p53-based vaccines
need to confront numerous difficulties associated with tolerance to self, which is difficult to
overcome.

An important advantage of wt sequence p53 peptide-based vaccination strategy is that helper
and cytotoxic peptides have been identified and can be selected for immunization based on
in vitro pre-clinical studies with human T cells, as previously described [20]. The wt p53
Th1 epitopes induce CD4+ T cells that enhance activity and generation of wt p53 epitope-
specific CD8+ effector T cells [20, 21]. Their presence may also be necessary for the
maintenance of immunologic memory. Therefore, multi-epitope p53-based vaccines should
be designed to include epitopes best able to induce cytotoxic as well as helper T cells. Multi-
epitope vaccines are considered to be superior to single-epitope vaccines, largely because
they induce stronger and broader immune responses. This widely-accepted principle is
especially relevant to antitumor vaccines, where a generated response has to be robust and
able to progress despite tolerance to “self” which is associated with most tumor-derived
epitopes. The wt p53 epitopes selected for use in a vaccine are, of course, MHC allele-
restricted. For this reason, wt p53 epitope characterization has been mostly focused on HLA-
A2-restricted peptides. Among Caucasians, this MHC class I allele is expressed in about
50% of individuals, who, therefore, would be candidates for the vaccine. Similarly, in Asian
populations, frequent expression of the HLA-A24 allele predicates the use of HLA-A24-
restricted wt p53 peptides in antitumor vaccines [22, 23].

One of the more intriguing aspects of wt sequence p53 epitope processing is the possibility
that it might avoid the generation of peptide-specific regulatory T cells (Treg) or type 1
regulatory T cells (Tr1). While normal p53 is processed by APC with the goal of
maintaining tolerance, differential processing of wt sequence p53 epitopes derived from
genetically altered protein could lead to immunity by down-regulation of Treg. While
speculative, this possibility fits well with the concept of Treg being in control of responses
to “self” vs. “altered self,” as represented by wt sequence p53 epitopes.
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Tumors share antigens and these “shared antigens” are products of genes which become
overexpressed or de-repressed in tumor cells. In contrast to a majority of tumor-associated
antigens, p53 is genetically altered. It is now known that genetic abnormalities in p53 can
involve a mutation, deletion or frameshift, each leading to a loss of p53 function [6].
Processing of p53 and presentation of p53 epitopes to T cells can differ depending on the
type and site of the genetic lesion in the tumor cell. Obviously, a deletion or frameshift
mutation can eliminate epitopes, whereas a peptide encoded adjacent to a mutation, for
example, may be processed by the APM differently than the same peptide encoded in a p53
molecule mutated at a different site. The precedent for blocking epitope processing by a
tumor with a missense mutation at the hotspot codon 273, which flanks wt sequence
p53264-272 epitope, was described by Theobald et al [24]. It is thus possible that additional
instances of blocked, altered or incomplete processing of this as well as other wt p53
epitopes exist and influence the generation and frequency of epitope-specific T cells. As a
result, wt sequence p53 epitopes can be handled by the APM components in a way that
decreases or enhances their immunogenicity. However, enhanced processing and
presentation of wt sequence p53 epitopes need not be directly associated with mutations, as
other genetic events or viral integration can also influence the peptide route via the APM.
The available data suggest that selection of the optimally immunogenic wt sequence p53
epitope for use in antitumor vaccines may not be simple and may require extensive pre-
clinical evaluations.

Pre-clinical studies in mice
The demonstration that a wt p53 peptide-based dendritic cell vaccine induced rejection in
mice of a transplanted chemically-induced sarcoma in the protection and therapy settings
established the efficacy of p53-based vaccines and their potential for use in immunotherapy
of cancer [25]. Since for any vaccine development, selection of the immunogen and vaccine
vehicle are critical, a wide range of p53-based vaccines and immunization protocols have
been subsequently evaluated for efficacy. These studies showed that despite evidence of
tolerance in mice to “self” murine wt p53 epitopes, presumably due to anergy or deletion of
high affinity anti-wt p53 peptide-specific CD8+ T cells [26–28], effective T cell-mediated
antitumor immunity can be induced by wt p53-based vaccines. Vaccines comprised of (i) wt
p53 peptides or recombinant p53 protein admixed with chemical adjuvants or pulsed onto
DC; (ii) DC transfected with non-viral plasmids or viruses encoding intact p53 or fragments;
(iii) DNA vaccines delivered via a gene gun as well as recombinant viral vectors expressing
p53- were all effective in inducing tumor rejection [5, 25, 29]. Critical to their translational
relevance, these pre-clinical vaccines, delivered by themselves or in combination with
immunomodulators to mice [30], consistently have been shown to induce low to
intermediate affinity anti-wt p53 CTL, which had antitumor effects in the absence of
inducing deleterious autoimmune side effects.

Most of vaccination studies in mice with transplantable tumors utilized either tumor-
immunized mice in the prevention setting or mice bearing small tumors to demonstrate the
efficacy of wt p53 peptide-based vaccines. These studies, however, cannot evaluate the
vaccine’s efficacy in a clinically-relevant situation, namely, in the primary tumor-bearing
host displaying various defects in immune defense. Polycyclic aromatic hydrocarbons, such
as methylcholanthrene (MCA) and benzopyrene, are potent carcinogens and have been
traditionally used to induce tumors in mice. Nearly all of these tumors express genetic
alterations in p53. These carcinogens also have potent immunosuppressive activity, and are
known to be environmental carcinogens associated with cancer in humans. Exposure of most
mice to these compounds results in tumors arising within six months at the sites of exposure.
To evaluate the efficacy of wt p53-based vaccines in mice bearing primary tumors, we
recently analyzed the effects on MCA-treated mice of wt p53-based immunization given in
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the protection/therapy or therapy-only setting [31]. The results indicated that the efficacy of
the vaccines relative to tumor incidence was severely compromised by the outgrowth of
“epitope-loss” tumors. Regardless of when the vaccine was administered, “epitope-loss”
occurred either by downregulation or loss of expression of the MHC allele required for
presentation of the targeted wt p53 peptide or by a mutation within the epitope [31]. Despite
the fact that MCA is immunosuppressive, the vaccines did induce anti-wt p53 immune
responses consisting of low- to intermediate-affinity CTL. While these findings might argue
against the use of p53-based vaccines for protection due to their ability to promote “epitope-
loss” tumors, the experimental conditions (i.e., subcutaneous injection of MCA in oil
emulsion) were ideal for immunoselection of “epitope loss” tumors. A continuous exposure
of newly transformed cells with a p53 mutation to freshly generated anti-wt p53 peptide-
specific CTL is likely to especially favor immunoselection of “epitope loss” tumor cells. It
seems unlikely that this type of wt p53 vaccination translated to therapy of human tumors
would similarly favor appearance of “epitope loss” tumor cells. Unlike the intense, rapid
cancer development in MCA-conditioned mice, the initiation and progression of human
tumors occurs over many years, decreasing the potential for immunoselection and tumor
escape.

Pre-clinical studies in humans
Evidence for the existence of immune responses to p53 in patients with cancer includes the
presence of T cells specific for p53 in the circulation of these patients [32] or at the tumor
site and/or of antibodies recognizing p53 in the serum [33]. Once the concept of wt sequence
p53 epitopes as potential immunogens in antitumor vaccines was introduced and its validity
confirmed in mice, studies in man were initiated to determine whether antitumor immune
responses could be generated in vivo, searching for the presence of anti-p53 antibodies or
assessing frequencies of p53 epitope-specific T cells in the circulation of patients with
cancer. In addition, ex vivo experiments using these epitopes and human peripheral blood
mononuclear cells (PBMC) were conducted to test for the presence of immune precursor
cells able to expand upon stimulation with wt sequence p53 epitopes presented on
autologous DC and to eliminate tumor targets accumulating p53 [34].

A search for antibodies to p53 in the sera of patients with cancer by Bourhis et al identified
nearly 20% as seropositive [33]. Surprisingly however, these patients had poorer rather than
better prognosis, despite the evidence for antitumor immunity presumably mediated by
antibodies [35]. This finding suggested that p53-specific antibodies alone might not be
sufficient for effective immune response against the tumor. Therefore, the attention turned to
the presence of p53-specific CTL in patients with cancer whose tumors accumulated p53.

The expectation was that p53 accumulation in the tumor cells provided an opportunity for
presentation to T cells of immunogenic wt sequence p53 epitopes and generation of p53
epitope-specific T cells in the circulation. Therefore, patients with tumors accumulating p53
were expected to have a relatively high frequency of such T cells. Contrary to expectations,
however, we initially found that CTL specific for the p53264-272 epitope could be generated
only from PBMC of the patients whose tumors either did not accumulate p53 or
accumulated but could not present this epitope [34]. In a subsequent study, we evaluated the
frequency of wt sequence p53264-272 peptide-specific CD8+ T cells in the circulation of
patients with cancer and correlated it with the level p53 expression in each tumor, its HPV
status and the presence of p53 antibodies in the serum [32]. Using HLA-A2.1/wt p53264-272
peptide tetramers, we found the highest frequency of wt sequence p53264-272-specific CD8+
T cells in a subset of patients whose tumors did not accumulate p53 and had a wt p53
genotype [32]. Furthermore, in a subset of patients with tumors accumulating mutant p53,
the mean frequency of p53264-272-specific T cells was not significantly different from that in
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healthy controls [32]. The interpretations for these intriguing observations are many. First, it
is possible that processing of mutated p53 and/or its presentation (applicable in this case to
the wt sequence p53264-272 peptide) is blocked or otherwise deranged in tumor cells as
discussed above and also suggested by Vierboom et al [13]. Second, it is equally possible
that the peptide-specific T cells are generated but do not survive, being sensitive to
activation induced cell death (AICD) and/or apoptosis induced by tumor-associated
mechanisms [36]. As discussed above, murine studies suggest that deletion of high-avidity T
cells and retention of low- to intermediate-affinity effector cells may be due to tolerance to
“self” [26, 27]. It is also possible, but not proven, that the paucity of wt sequence p53264-272-
specific T cells in the circulation of cancer patients is under control of Treg, which are
known to be increased in frequency and suppressor function in these patients [37, 38].
Finally, the presence of HPV E6 in tumor cells (for tumors such as cervical carcinoma or
SCCHN) could influence p53 processing and CTL generation [13].

Given the complexity of tumor-host interactions, the development and clinical introduction
of p53-based vaccines represent a challenge that requires attention to several specific issues
as follows.

(a) Composition of p53-based vaccines
In selecting p53-based vaccine components, a source of immunogenic epitopes as well as
the vehicle for their delivery need to be considered. It is possible to select recombinant p53
as an immunogen. Advantages would be the availability, relatively low cost and utilization
without any HLA restrictions. However, the lack of defined epitopes could impede adequate
monitoring of immune responses to the vaccine. Also, p53 would have to be processed by
endogenous APC, which may be dysfunctional in patients with advanced malignancy [39],
or delivered following ex vivo loading of autologous DC, which is feasible but not
convenient. For these reasons, a more advantageous approach is to use wt sequence p53
peptides. However, selection of the peptides and their delivery as a vaccine require a careful
strategy.

Most wt p53 peptides that might be useful for vaccination have been identified by “reverse
immunology,” as sequence motifs that best fit and bind HLA-A2 molecules. Hence, the
immunogenic properties of these peptides have to be determined in in vitro studies designed
to confirm that the naturally processed peptides induce HLA-A2-restricted CTLs capable of
targeting tumors with accumulated p53 and wt p53 epitope-specific Th1 T cells able to
provide immune help. As discussed above, HLA-A2neg and HLA-A24-restricted wt p53
epitopes are being preferentially selected as vaccine components because of the frequent
expression of these MHC alleles in Caucasian and Asian populations, respectively. To date,
a number of HLA-A2-restricted wt p53 peptides have been tested in IVS cultures with
human PBMC, and their potential for inducing anti-wt p53 CTLs confirmed in vitro (Table
1). Likewise, a number of HLA class II-restricted wt p53 peptides have been identified
(Table 1). Pre-clinical testing of other potentially useful peptides is in progress.

(b) Conditions for the presentation of wt p53 epitopes
Our observations using various human squamous cell carcinomas of the head and neck
(SCCHN) indicated that human tumor accumulating p53 were not necessarily sensitive to
anti-p53 CTLs [40]. Also, the nature as well as the site of p53 missense mutation can
influence antigen processing of p53, as discussed above. In addition, the presence of HPV or
mdm2 amplification can influence processing of wt p53 epitopes for T-cell recognition.

DeLeo and Whiteside Page 6

Expert Rev Vaccines. Author manuscript; available in PMC 2013 July 24.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



(c) Breaking immunologic tolerance to self
As previously mentioned, because p53 is expressed in all nucleated cells, including those in
the thymus, peripheral and central tolerance have to be broken to allow for the development
of immune responses to wt p53. Thus, especially powerful adjuvant effects are necessary to
overcome tolerance to wt p53 and induce antitumor immunity. We have determined that
PBMC in only 1/3 of normal donors or patients with SCCHN are responsive to autologous
DC pulsed with wt p53 peptides in IVS cultures, despite the fact that DC are capable of
priming naïve T cells in culture [34, 40]. Further, T cells induced under these conditions
were of low-to-intermediate affinity, a finding similar to that reported earlier in mice [26].

(d) Possibilities for by-passing unresponsiveness to wt p53 peptides
One effective strategy for enhancing peptide immunogenicity is to identify and implement
an amino acid exchange in the peptide sequence that will enhance its binding to HLA
molecules and/or to the cognate T cell receptor on T cells recognizing the parental peptide.
We and others have used this strategy to augment immunogenicity of wt p53264-272 and
p53149-157 peptides and demonstrated substantially higher responder T cell reactivity in
ELISPOT and cytotoxicity assays with optimized rather than parental wt p53 peptides [41,
42]. The reliable identification of the potential of optimized p53264-272 peptides able to
induce responsiveness of patients’ PBMC required IVS-based analysis performed under
defined conditions as described by us earlier [42] and depended on the availability of PBMC
obtained from a cohort of normal subjects as well as a cohort of patients with cancer. Using
this approach, it was possible to induce CTL from PBMC obtained from nearly half of
donors whose PBMC were non-responsive to the parental wt p53264-272 and augment the
total number of donors that could be potential candidates for vaccination from 3/10 to 7/10
[34,42]. Interestingly, anti-wt p53264-272 peptide CD8+ T cells induced from a donor
unresponsive to the parental but responsive to the optimized peptide utilized the same TCR
Vβ family and identical variable TCR Vβ sequences as did CD8+ T cells induced from
PBMC of a different donor which were responsive to the parental peptide. This finding
points out the limited TCR repertoire available for anti-wt p53 peptide-specific CD8+ T
cells in humans [42].

(e) Generation of helper T-cell responses
The identification of helper wt p53 epitopes and their use to enhance Th1-type responses is
desirable in cancer. Fortunately, it appears that tolerance of CD4+ T cells to wt p53 peptides
is not as strict as it is for CD8+ T cells, which enhances the potential efficacy of vaccines
incorporating wt p53 helper peptides [43]. To this end, we identified wt p53110-124 peptide
as naturally-presented HLA-DRB1*040-binding 15-mer peptide and showed not only that
this peptide presented on DC induced CD4+ T cells, but that the addition of the generated
CD4+. T cells to tumor-specific CTL significantly enhanced the number and activity of
CD8+ T effector cells in vitro [20]. We and others have identified additional immunogenic
HLA class II-restricted wt p53 peptides (see Table 1), including multiple HLA-DR allele-
restricted wt p53 peptides, such as the HLA-DR7/11-restricted, wt p5325-35 peptide [21, 44].
Thus, an opportunity exists to combine CTL-defined cytotoxic and Th1-defined helper wt
p53 peptides in multiepitope vaccines which are expected to be more broadly immunogenic
than a single-epitope wt p53 vaccine.

(f) Elimination of wt p53-specific Treg
We and others have described accumulation of regulatory T cells (Treg) at the tumor site
and in the peripheral circulation of patients with cancer [36, 37, 45]. Some of these Treg are
likely tumor antigen-specific Tr1 cells [46], and although wt p53-specific Tr1 have not been
reported as yet, natural Treg (nTreg), which originate in the thymus [47] could be
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responsible for maintaining tolerance to p53. Thus, the strategy to eliminate Treg prior to, or
concomitantly with, vaccination against wt p53+ tumors might be a crucial factor in
achieving success. This could be accomplished by delivery of antibodies to CD25 [48],
ONTAK™ (denileukin diftitox) which is currently in clinical trials [49, 50]. Elimination of
Treg by use of chemotherapy has also been previously utilized in the clinic [51].

(g) Protection of activated wt p53-specific T cells from apoptosis
Provided that immunization targeting wt p53 epitopes is successful and leads to an increased
frequency of wt p53-specific CTL, it is essential to assure these effector cells do not
succumb to AICD or tumor-induced apoptosis. Their survival and functions are essential for
elimination of occult tumor or micrometastases. In this respect, combination of cytokine
therapies with vaccine delivery might be effective. For example, we have recently showed
that activated T cells can be protected from apoptosis induced by tumor-derived exosomes
or microvesicles isolated form sera of patients with cancer by pretreatment with a cocktail of
natural cytokines [52].

(h) Maintenance of memory responses
The major objective of antitumor vaccines is to induce effective immunologic memory in
order to prevent tumor recurrence. Therefore, the effective wt p53 vaccine has to induce wt
p53-specific memory T cells and assure their survival. To do so, all of the above listed
conditions may have to be satisfied, including the administration of cytokines known to
promote survival and maintenance of memory T cells such as IL-7, IL-12, and IL-15 [53],
none of which are currently approved for immune support of therapeutic antitumor vaccines.

Clinical trials of p53-based immunotherapy in patients with cancer
Evidence from human pre-clinical studies that T cells specific for wt p53 epitopes are
present in the circulation of some, but not all, cancer patients and antibodies to p53 are
detectable in a subset of these patients, suggests that these epitopes can be immunogenic.
Clearly, these epitopes can activate and expand subsets of wt p53 epitope-specific effector T
cells and contribute to shaping of immunologic memory, provided they are delivered to
patients with cancer in appropriately designed vaccines. Pre-clinical results with wt p53
peptide-based immunization in murine tumors as well as in vitro experiments utilizing
human PBMC indicate that p53 protein-, peptide- as well as recombinant viral vector-based
p53 vaccines are effective in inducing anti-tumor immunity. However, as most anti-tumor
vaccines, those targeting wt p53 epitopes are still under development and have not been
optimized.

A wide range of developmental approaches to p53 vaccines have been implemented in
murine models of tumor growth. For example, it has been shown that recombinant p53
protein admixed with chemical adjuvants or p53 peptides pulsed onto bone-marrow derived
DC are effective in inducing anti-wt p53 T-cell mediated anti-tumor responses [25, 31]. DC
transfected with non-viral plasmids or viruses encoding p53 or p53 fragments have been
used for vaccinations [29]. In vitro co-culture studies using PBMC of normal donors or
patients with cancer and DC pulsed with p53, p53 peptides or transfected with recombinant
constructs expressing p53 convincingly show induction and expansion of anti-wt p53 CTL
and Th cells [20, 21, 54].

Based on these pre-clinical studies and a wealth of information gathered from vaccines in
murine models of tumor growth, four therapeutic vaccination trials in patients with cancer
were initiated and are either completed or almost completed (Table 2). We wish to feature
these vaccination trials, as they incorporate most of the strategies discussed above and
represent the current state-of-the-art in wt p53 peptide-based vaccines.
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Phase I and Phase II trials of p53 peptide pulsed DC-based vaccine for
patients with advanced breast cancer-M. H. Claesson, Principal Investigator
[55, 56]

The both of these multiepitope DC-based vaccine trials of heavily pretreated HLA-A2+
subjects with progressive advanced breast cancer have been completed. The vaccine used
consisted of autologous DC pulsed with the CTL-defined wt p53 65-73, 187-197 and 264-272
peptides, as well as optimized peptides for the wt p53 149-157, 103-111 and 139-147 epitopes
together with the pan-HLA-DR Th peptide, PADRE. A total of 6 subjects were recruited for
the first trial which consisted of 10 planned immunizations. 3/6 completed the trial; the
remaining subjects were withdrawn from the trial after 7 or 8 immunizations due to
progressive disease. ELISPOT analyses indicated that the vaccine-induced CD8+ T cells
responsive to wt and modified p53 peptides in 3/6 subjects, 2/3 showing disease
stabilization. The second trial, a Phase II trial, used an immunization protocol comparable to
that employed in the Phase I trial with the exception that IL-2 was administered s.c. 19/26
subjects recruited for the trial were evaluatable after the first 6 immunizations with 8/19
showing stable disease, while the remainder had progressive disease. 4/7 subjects with stable
disease showed vaccine-induced wt p53 peptide-specific CD8+ T cell responses, whereas
only 2/9 subjects with progressive disease did. The results of these trials clearly indicate that
p53 peptide-specific immune responses can be achieved in subjects with cancer and appear
to be associated with stabilization of their disease.

A randomized phase II p53 vaccine trial comparing subcutaneous direct
administration with intravenous peptide-pulsed dendritic cells in high risk
ovarian cancer patients – S.N. Khleif, Principal Investigator [57]

This clinical protocol for patients with ovarian carcinoma who are at very high risk of
relapse but who had no visible disease on CT scan (i.e., had microscopic disease present)
targets a wt p53264-272 epitope. Eligible patients had stage III, IV or recurrent disease and
were clinically NED at study entry. They all had prior chemotherapy, and some were very
heavily pre-treated. Elevated CA125 was allowed. Patients had to be HLA-A2.1+ and have
tumors overexpressing p53. The vaccine utilized a wt epitope (264-272) with high HLA-A2.1
affinity. Two methods of vaccination were randomly compared: subcutaneous (SQ) peptide
admixed with ISA-51 and GM-CSF adjuvants or peptide-pulsed autologous dendritic cells
given intravenously (IV). The vaccine was administered every three weeks on day 1 of each
cycle. Patients in both arms also received six million IU/m2 IL-2 SQ for 10 days beginning
with cycle 3 for two consecutive cycles in a recurring pattern (i.e., IL-2 was given with
cycles 3 and 4; 7 and 8; 11 and 12, etc.).

The trial, now completed, enrolled 21 patients, of whom 20 were evaluable (13 on SQ arm
and 7 on IV arm). After reaching statistical significance, accrual to the more technically
difficult IV dendritic cell arm was halted. The primary endpoint was the immune response to
wt p53264-272 epitope, and ELISPOT and tetramer analyses were used for immune
monitoring. The frequency of Treg (CD4+CD25highFoxp3+) cells in the circulation was also
determined. Results are encouraging. In spite of previous chemotherapy, an immune
response to wt p53264-272 epitope was generated. On the SQ arm, 11/14 patients had positive
ELISPOT and 14/14 were tetramer positive following vaccination vs. 6/14 and 5/14 pre-
vaccine, respectively. On the IV arm, 6/7 had detectable immune responses pre-vaccine vs.
3/7 pre-vaccine. Grade III/IV toxicities were observed in 42% of patients on each arm and
included elevated liver enzymes in the SQ arm and fatigue and lymphopenia in the IV arm.
Only one patient disenrolled due to toxicity (a cardiac arrhythmia exacerbated by IL-2). The
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currently available data analyses are preliminary. In 2007, the mean overall survival (OS) on
the SQ arm was >42 months, on the IV arm, it was >38 months. The OS data are not yet
mature for final analysis and long-term survivors are being followed.

In summary, this trial demonstrated that cellular immune response to a vaccine targeting a
wt p53 epitope can be generated in nearly all enrolled patients with ovarian carcinoma (80–
90%) who were pre-treated with chemotherapy. Definite immunologic responses were
detected by ELISPOT and tetramer analyses. Furthermore, both vaccine delivery approaches
appeared to be equally effective, although the SQ peptide vaccine had less toxicity and was
technically much simpler. Toxicities were acceptable.

Adjuvant p53 peptide loaded DC-based therapy for subjects with SCCHN (A
pilot/feasibility study) R.L. Ferris, Principal Investigator [UPCI protocol
#03-156]

The objectives of this clinical protocol for patients with SCCHN are to (i) evaluate the safety
and feasibility of a multi-epitope wt p53 peptide DC-based vaccine that employs CTL-
defined and Th-defined peptides, and (ii) characterize the immunological responses to the
vaccine. The trial is restricted to HLA-A2+ subjects, but due to the heterogeneity of SCCHN
and the potential role of HPV in these tumors, enrollment was not restricted to subjects
whose tumors accumulated p53 and, presumably, expressed p53 mutations. A total of 24
HLA-A2+ subjects are being recruited for the protocol, eight subjects must also be HLA-
DR4+. This number permits the subjects to be divided into three cohorts designed to gain
insights into whether incorporation of a Th-defined peptide in the vaccines enhances
vaccine-induced p53-specific CTL responses, and whether a Th-defined wt p53 peptide is
more effective than a pan-HLA-DR Th-defined tetanus peptide in this regard. All 24
subjects will receive three immunizations of autologous DC pulsed with optimized peptides
for the HLA-A2 restricted, wt p53149-157 and p53264-272 epitopes, F270W and T149L. The
eight HLA-DR4+ subjects receive DC pulsed with the two optimized p53 peptides and the
HLA-DR4-restricted, wt p53110-124 peptide. The remaining 16 HLA-DR4- subjects are
divided into two groups of eight each, one gets the vaccine incorporating the pan-HLA-DR
tetanus toxoid peptide, while the other group does not. Each subject receives three
immunizations at 10–14 day intervals.

PBMC obtained from the subjects prior to each immunization are evaluated for wt p53
peptide-specific CD8+ and CD4+ T cell responses in ELISPOT assays. Wt p53 peptide-
specific CD8+ T cell responses are also monitored by tetramer analysis, including
differential phenotype of tetramer+ cells. To date, more than 12 subjects have successfully
completed the full course of the protocol, and samples from four subjects monitored. 2/4
subjects showed vaccine-induced responses to the wt p53264-272 peptide only in ELISPOT
assays, whereas flow cytometry analyses indicated showed increased frequencies of CD8+ T
cells to both wt p53 peptides in circulation of all four subjects.

Expert commentary and five-year view
The p53-based therapeutic vaccines for cancer have been underutilized, given the available
pre-clinical and emerging clinical evidence for their in vivo effects. Human clinical trials
with wt p53 peptides, while still not optimized in terms of vaccine delivery (i.e., dose,
injection site(s), frequency of vaccines, duration of therapy, or choice of adjuvants) provide
intriguing preliminary data. These vaccines have acceptable toxicity and are reliable in
inducing anti-wt p53 peptide immune responses in patients with advanced malignancies
such as ovarian carcinoma or SCCHN even in patients previously treated with chemotherapy
or radiotherapy. This by itself is encouraging, because such patients are known to be
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refractory to immune interventions. The unique nature of p53, which normally functions as
tumor suppressor, but in its mutated form is a source of multiple immunogenic cytotoxic and
helper peptides, offers a special opportunity to explore. This mutated protein is essential for
the tumor progression, yet its non-mutated wt sequences can be effectively targeted by
immune cells in most epithelial human cancers. To accomplish this, vaccine designs will
have to be selectively stringent and robust. However, advances made in the understanding of
the biology of wt p53 peptide handling in APC and their presentation to T cells provide
confidence that wt p53 peptide-based vaccines are here to stay, especially for tumors such as
lung or ovarian carcinomas, for which a roster of immunogenic, tumor-specific peptides has
remained small.
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Key Issues

• The vast majority of tumor antigens recognized by T cells are “self”

• The most common abnormality of human cancers is loss of the tumor suppressor
functions of p53.

• A variety of genetic alterations occurring in tumors promote processing and
presentation of wild type sequence (wt) p53 peptides (self) derived from wild
type or mutant p53 molecules expressed in the tumor for T cell recognition.

• wt p53 peptides are attractive targets for broadly applicable cancer vaccines.

• Immunological tolerance to “self” to wt p53 peptides only permits the
generation of weak to intermediate affinity anti-wt p53 T cells.

• Despite tolerance, wt p53 peptide-based vaccines induce wt p53 peptide-specific
CD8+ T cells which can induce tumor rejection in prevention and therapy
settings using murine tumor models.

• wt p53 peptides have the ability to induce in vitro antitumor CD8+ and CD4+ T
cells from lymphocytes obtained from normal donors and cancer patients.

• Treg play critical role in regulating immune responses, in particular, antitumor
“self” responses.

• Achieving beneficial responses to cancer vaccines not only involves generation,
long-term survival and maintenance of tumor-specific immune responses, but
minimizing the immunosuppressive effects of antigen-specific Treg.
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Figure 1.
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Table 1

Well-characterized T cell-defined wt p53 peptides available for vaccine use

HLA class I-restricted CD8+ T cell-defined peptides

wt p53 peptide sequences reference

HLA-A2 restricted

 65-73 RMPEAAPPV [58]

 149-157 STPPPGTRV [10, 40]

 187-197 GLAPPQHLIRV [55]

 217-225 VVPYEPPEV [59]

 264-272 LLGRNSFEV [10, 12, 40]

HLA-A24-restricted

 125–134 TYPALNKMF [22]

 161–169 AIYKQSQHM [60]

 204–212 EYLDDRNTF [22]

HLA class II-restricted CD4+ T cell-defined peptides

HLA-DR1/4

 108-122 GFRLGFLHSGTASV [60]

 110-124 RLGFLHSGTASVTC [20]

HLA-DR7/11

 25-35 LWKLLPENNVLSP [21]

HLA-DP5

 108-122 GFRLGFLHSGTAKSV [44]

 153-166 PGTRVRAMAIYKQS [44]
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Table 2

Clinical trials of wt p53 peptide-based immunotherapy

Vaccine Phase Patient Numbera Responsesb ref

 Breast

wt p5365-73, 1877-197, and 264-272 peptides, optimized
p53149-157, 103-111, and 139-147 peptides and PADRE pan-helper peptide/DC

I 6 (3) 3/6 immune responses
2/3 stable disease

(55)

same as above/IL-2 II 26 (19) 6/19 immune responses
8/19 stable disease

(56)

 Ovarian

p53264-272 peptide/DC/IL-2 II 7 3/7 immune responses (57)

p53264-272 peptide/ISA-51/GM-CSF/IL-2 13 5/13 immune responses

 SCCHN

optimized p53149-157 and 264-272 peptides plus wt p53110-124 or tetanus
toxoid helper peptide or no helper peptide/DC

I 24 (15) in progress [UPCI protocol #03-156]

a
number of patients enrolled in trial; number of patients completing therapy and evaluatable shown in parenthesis.

b
Immune responses indicate vaccine-induced responses detected in ELISPOT IFN-γ assays
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