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The p53 gene product is an attractive target for tumor
immunotherapy. The present study aims to understand the
potential of MVAp53 vaccine to induce expansion of
p53-specific cytotoxic T lymphocyte ex vivo in cancer patients.
The result indicated that 14 of 23 cancer patients demonstrated
p53-specific IFN-γ production, degranulation, cell
proliferation, and lysis of p53 overexpressed human tumor cell
lines. These experiments show that MVAp53 stimulation has
the potential to induce the expansion of p53-specific cytotoxic
T lymphocyte from the memory T cell repertoire. The data
suggest that MVAp53 vaccine is an ideal candidate for cancer
immunotherapy.
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INTRODUCTION

A novel approach to cancer treatment involves the use of
vaccines, which target tumor-associated antigens (TAA)
to promote T-cell-mediated antitumor immune responses
(1–3). The human p53 gene product is an ideal target for
the enhancement of the cellular immune response to malig-
nancy. Over 50% of all malignancies have p53 mutations (4).
Mutations of p53, which abrogate its function as a suppresser
of cell division, are associated with a high nuclear and cyto-
plasmic concentration of the p53 protein (5). Nonmutated
p53 is expressed at low levels normally, which would be
most likely to escape an enhanced immune response to over-
expressed mutant p53 (6, 7). Extensive preclinical murine
tumor model studies using p53-based vaccine demonstrate
that this approach can induce tumor rejection (8–14). Several
groups have generated human cytotoxic T lymphocyte (CTL)
against HLA Class I binding motif peptides from wild-type
p53 using techniques of in vitro stimulation (IVS), and
the resulting cells are capable of lysing human tumor cells
which overexpress p53 (15–18). Prior preclinical and clinical
studies have targeted p53 using a number of peptide- and
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viral-vaccine-based approaches (19–21). Although modest
p53-specific cellular immune responses were identified, the
vaccine vectors were not robust enough to generate strong
p53-specific immunity. Because p53 is an autoantigen widely
expressed throughout development, tolerance to p53 may
limit the effectiveness of p53-directed immunotherapy.

Preclinical results from our laboratory demonstrate that
recombinant modified vaccinia virus Ankara (MVAp53) im-
munization can overcome tolerance to p53, induce p53-
specific cellular immune responses, and reject established
p53-overexpressing tumor (11–14). The MVAp53 vaccine
approach has advantages over specific epitope vaccine ap-
proaches because epitope-specific immunization strategies
might not stimulate responses to cryptic epitopes or stimu-
late a p53-specific T-helper (Th) response.

MVA is an ideal vector for the generation of a therapeu-
tic response to overexpressed p53. The development of MVA
as a recombinant vaccine delivery vehicle stemmed from its
benign safety profile as a smallpox vaccine in Europe in the
late 1970s. It was administered to over 120,000 individuals
including the aged and very young as a smallpox vaccine
without serious side effects. MVA was administered to
immuno-compromised nonhuman primates without adverse
outcome (22). Its development into a vaccine vehicle was
only initiated in the early 1990’s (23), when it became clear
that nonattenuated poxviruses such as the Western Reserve
(WR) strain could not be safely administered to immuno-
compromised persons. Although MVA is able to efficiently
replicate DNA in mammalian cells, it is noninfectious, be-
cause of the loss of two important host range genes among
at least 25 additional mutations and deletions that occurred
during its 570 serial passages through chicken embryo fi-
broblasts (CEF) (24). Despite its restricted host range and
inability to produce infectious progeny in human cells,
and in contrast to NYVAC (attenuated Copenhagen strain)
and ALVAC (host range restricted avipox), both early and late
transcription are unimpaired, making MVA a suitable vac-
cine candidate. In fact, in our preclinical mouse studies, we
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have found it to be more immunogenic than the WR strain,
and most critical is its ability to be used in conditions of pre-
existing poxvirus immunity.

In preclinical models, p53-based immunotherapy
approaches have demonstrated tumor rejection without
stimulating autoimmunity (11–12, 14). Like other tumor-
antigen-directed T-cell-based immunotherapies, effective
p53-based immunotherapy will be dependent on patients’
ability to mount a responsive to wild-type p53 and the ability
of the tumor to present p53 epitopes for T cell recognition.
In this report, we described the capacity of MVAp53 to
induce the expansion of specific CTL from the memory
T cell repertoire of cancer patients. These experiments
demonstrate that MVAp53 stimulation has the potential to
induce p53-specific CTL expansion from the memory T cell
repertoire. The data suggest that MVAp53 vaccine is an ideal
candidate for cancer immunotherapy.

MATERIALS AND METHODS

Human subjects
Blood samples (50cc) were collected from 23 HLA-A2+ can-
cer patients (Table 1). Peripheral blood mononuclear cells
(PBMC) were used either fresh or after cryopreservation.
These studies were conducted under a City of Hope Institu-
tional Review Board approved protocol.

Generation of recombinant MVA
The generation of recombinant MVA has been described pre-
viously (14). Briefly, full-length wild-type human p53 and
CEA proteins were inserted into the MVA shuttle plasmid
pLW22. Recombinant MVA was generated by transfecting

Table 1. Patient Characteristics and IFN-γ responses to MVAp53
stimulation

All Patients
Number (%)

IFN-γ+ Induction Number
(%)∗

Sex
Male 13 (56.5) 7 (53.8)
Female 10 (43.5) 7 (70.0)
Total 23 (100) 14 (60.9)

Age
Average 60.8
Median 64
Range 47–64 8 (66.7)
Range 65–85 6 (54.5)

Tumor type
HNSCC 1 (4.3) 1 (100)
Breast 5 (21.7) 3 (60.0)
Gastric 1 (4.3) 1 (100)
Colon 6 (26.1) 4 (66.7)
Prostate 7 (30.4) 3 (42.9)
Duodenal 1 (4.3) 1 (100)
Bile duct 1 (4.3) 1 (100)
Lung 1 (4.3) 0 (0.0)

Tumor stage
I 5 (21.7) 3 (60.0)
II 5 (21.7) 3 (60.0)
III 9 (39.1) 7 (77.8)
IV 4 (17.4) 1 (25.0)

∗Percentage of IFN-γ production is calculated in each category.

the insertion shuttle plasmid into wild-type MVA (wtMVA)-
infected BHK-21 cells. MVAp53 was purified after 8–10
rounds of screening in the presence of Bluo-gal (5-Bromo-
3-indolyl-β-d-galactopyranoside; Sigma-Aldrich, St Louis,
MO). DNA was extracted from the infected cell lysate, and
the absence of wtMVA was confirmed by PCR. Expression of
recombinant protein was assessed by western blot analysis.

The p53 peptides and overlapping peptide libraries
The p53 peptides corresponding to positions 149–157 and
264–272 and 15-mer peptides derived from wild-type human
p53 were synthesized in our laboratory by using a 12-position
parallel Symphony organic synthesizer (PTI Technologies,
Oxnard, CA). The 15-mer libraries spanned the respective
proteins with an 11 amino acid overlap between peptides.
The p53 peptide library was composed of 96 peptides, which
covered all 393 amino acids of p53 protein. Purity was ascer-
tained by reverse phase HPLC analysis. The peptide library
was created into two groups, superpool-1 and superpool-2.
Superpool-1 covered the first 48 peptides, and superpool-2
covered the remaining 48 peptides. The 15-mer Pepmix pep-
tide libraries spanning BKV-VP1 were purchased from JPT
Peptide Technologies GmbH (Berlin, Germany).

Antibodies
Fluorescein isothiocyanate (FITC)-, phycoerythrin (PE)-,
or allophycocyanin (APC)-conjugated mAbs to human
CD107a/CD107b, CD8, and IFN-γ were purchased from BD
Pharmingen (San Diego, CA).

Cell lines
The cell lines MDA-MB231, SK-BR3, and SAOS-2 were ob-
tained from the ATCC and maintained in RPMI (supple-
mented with 10% fetal Bovine Serum, 100 U/mL penicillin,
100 µg/mL streptomycin, and fresh glutamine). SAOS/p53
cell was HLA A2.1+, p53 deficient human osteosarcoma cell
line SAOS-2 transfected with mutated p53 (r to h at posi-
tion 175), and maintained in 400 µg/mL Geneticin (G418,
GIBCO BRL, Grand Island, NY).

In vitro stimulation (IVS)
CD8+ T cells, enriched by positive selection with antibody
coated microbeads using a magnetic purification system
(Miltenyi Biotec MACS, Auburn, CA), were used as effector
cells. Autologous-antigen-presenting cells (APC) were gen-
erated by CD8− PBMC incubated with 5 µg/mL of CpG-A
ODN 2216 and 5 µg/mL CpG-B ODN 2006 from TriLink
(San Diego, CA) for 3 days. The resulting APCs were infected
with at an MOI = 1 with recombinant MVA for 6 hr and irra-
diated at 3000 rad. The APCs were co-incubated with CD8+

effector cells in 20% human AB serum, RPMI with 10 IU/mL
IL-2 for 7 days. In some experiments, cells were subjected to
a second and/or third round of IVS with p53 peptide library
pulsed APC and cultured for another week before ICC assay.

Intracellular cytokine (ICC) assays
Stimulated cells were tested for intracellular IFN - γ pro-
duction following stimulation with 10 µg/mL of peptide
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library. FITC-labeled antibody to CD107a/b and pure anti-
bodies to CD28 and CD49d (BD Pharmingen) were added
for degranulation assay. GolgiStop was added to cultures
prior to overnight incubation. The cells were then washed
with 3 mL PBS/0.5% BSA before labeling for 20 min at 4◦C
with a PE-conjugated antibody to CD8. The cells were then
washed again with PBS/0.5% BSA before permeabilization
(Cytofix/Cytoperm, BD Pharmingen, San Diego, CA) and la-
beling with APC-conjugated antibody to IFN-γ for 30 min
at 4◦C. The cells were washed and analyzed on a FACSCanto
flow cytometer (BD Biosciences).

Tetramer and tetramer-binding assay
The HLA-A∗02 BKV VP1p108, HLA-A∗02 p53149–257, and
HLA-A∗02 p53264–272 tetramers were refolded, purified, and
conjugated to APC in our laboratory by using previously de-
scribed methods (25). The stimulated cells were labeled and
analyzed on the FACScanto flow cytometer (BD Biosciences).

CFSE-based ICC
The effector cells were labeled with 10 µM CFSE for 10 min
at 37◦C. The reaction was stopped by the addition of two vol-
umes of culture medium, followed by 10-min incubation on
ice. After two washes, the CFSE-labeled effector cells were
cultured with p53 peptide library pulsed APC for a week. The
stimulated cells were used to perform the ICC assays.

Chromium release assay (CRA)
To assess specific CTL killing, MDA-MB231, SK-BR3,
SAOS-2, and SAOS-2/p53 tumor cell lines were pretreated
with 20 ng/mL IFN-γ and 3 ng/mL TNF-α for 24 hr and
then labeled with Na51CrO4 for 1 hr. The labeled target cells
and diluted effector cells were coincubated for 4 hr at 37◦C.
Supernatants were harvested and counted using a gamma
counter. Percent specific lysis was calculated using the
following formula: percent specific release = (experimental
release − spontaneous release) / (total release − spontaneous
release) × 100.

Statistical methods
Data were analyzed by GraphPad Prizm 5 software. Values
of the results were expressed as means and SEs. Differences
were considered to be statistically significant when p value <

.05. The percentage of specific lysis was evaluated using two-
tailed unpaired t test.

RESULTS

Patient characteristics
Twenty-three HLA-A2+ patients (13 males, 10 females) with
solid tumors were enrolled in the study. The characteristics
of patients are shown in Table 1. The majority of patients
had adenocarcinoma of prostate, colon, and breast origin
and had stage III or IV cancer. After stimulation of PBMC
with MVAp53 and the human-p53-derived peptide library,
over 60% of the patients demonstrated p53-specific IFN-γ
production. IFN-γ responses were present in PBMC from
patients with all types of solid tumor malignancy with the

exception of the one patient with lung cancer. Over 53%
of male patients and 70% of female patients demonstrated
p53-specific immune responses. In 8 (66.7%) of the younger
patients and 6 of the older patients (p = .68), p53-specific re-
sponses were identified. Patients with stage IV tumor were
less likely to mount p53-specific responses than the group of
patients with stage I–III malignancy (p = .26), but this differ-
ence was not significant. The status of human p53 expression
in tumor did not correlate with p53-specific IFN-γ produc-
tion (data not shown).

MVAp53 stimulation results in p53-specific IFN-γ +-secreting
CD8+ cell expansion
Activation of tumor-specific CD8+ T cells and subsequent
amplification of sustained effector CTL responses is of par-
ticular importance in tumor immunity. To assess specific
IFN-γ -secreting CD8+ cell expansion followed by MVAp53
stimulation, CD8+-enriched cells from a patient with head
and neck squamous-cell carcinoma (HNSCC) were stimu-
lated by MVAp53 or MVA-CEA infected CpG-activated au-
tologous PBMC blast APC (Figure 1). The production of
p53-specific IFN-γ was identified following stimulation with
MVAp53 but not with an MVA expressing the irrelevant con-
trol protein CEA (1).

To further evaluate the potential of MVAp53 to stimu-
late p53-specific IFN-γ +-secreting CD8+ cells, CD8+ cells
from an HLA-A2+ gastric cancer patient were stimulated
with MVAp53 following by an IVS with the human-p53-
derived overlapping peptide library. The resulting cell pop-
ulation demonstrated tetramer-specific binding for the pre-
viously described HLA-A2 restricted epitopes of p53149–157
and p53264–272 [see Figure 2(a)]. IFN-γ ICC analysis indi-
cated that 0.5% of the cells were positive by ICC for p53149–157,
while 0.25% were positive by ICC for p53264–272. By com-
parison, 1.00% + 2.85% or 3.85% of the cell population re-
sponded to the 2 subfractions of the p53-derived overlapping
peptide library [see Figure 2(b)]. This suggests that the p53-
specific responses seen following MVAp53 stimulation are
not only restricted to the two well-established HLA-A2 epi-
topes but also to other less well-defined p53-derived epitopes.

Figure 2(c) shows IFN-γ production from PBMC of all
23 cancer patients after stimulation with MVAp53 and p53
peptide library. Among them, 14 patients demonstrated p53-
specific immune responses. Table 1 depicts IFN-γ responses
to MVAp53 stimulation of the different tumor types and
stages (Table 1).

p53-specific IFN-γ +-producing cells demonstrated
degranulation and proliferation
Because there is an established correlation between CTL de-
granulation and specific lysis of target cells, the CD107 mobi-
lization assay can be used as an adjunct to a standard killing
assay. To evaluate if the expanded IFN-γ + CD8 cells have
the capacity for p53-specific T-cell degranulation, CD8+-
enriched cells were stimulated with MVA-CEA, MVAp53,
or mock stimulation. All cells were restimulated with
p53 peptide library pulsed autologous CpG-activated APC.
The p53-specific production of IFN-γ and degranulation
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Figure 1. IFN-γ production after MVA stimulation. CD8+-enriched cells from an HNSCC patient were stimulated with MVA-infected autologous
APC for 7 days. An ICC assay was used to evaluate IFN-γ production following overnight incubation with the reagents shown on the right of
the figure (top to bottom) including the peptide diluent, a control peptide library derived from BK virus (BKV library), or pools of overlapping
p53-derived peptides (pool-1 and pool-2). Results are gated on CD8+ T cells.

were demonstrated following IVS with MVAp53, but not
following IVS with MVA-CEA or mock stimulation (see
Figure 3).

The cells derived as described above were labeled with
CFSE and further amplified following an additional IVS with
the p53 peptide library. After 7 days, the resulting cells were
analyzed by ICC. The p53-specific production of IFN-γ was
demonstrated in the MVAp53-stimulated cells but not in
the MVA-CEA-stimulated cells. More than 90% of IFN-γ +

CD8 cells demonstrated active proliferation (see Figure 4).
This suggests that MVAp53 stimulated a specific p53 IFN-γ +

CD8+ cells expansion from the T cell repertoire.

IFN-γ + CD8 cells lysed specifically tumor cell lines
The potential of MVAp53-stimulated cells to mediate direct
cytotoxicity was measured using a51Cr release assay. CD8+

cells from cancer patients were stimulated with MVAp53 and
the p53 peptide library and were used as an effector cells in a
standard 4 hr CRA. The resulting cells did not recognize and
lyse the target of p53-null SAOS-2 osteosarcoma cell line un-
less they were first transfected with p53 [see Figure 5(a)]. We
also evaluated the ability of the CTL to recognize endogenous
p53 overexpression in the context of HLA-A2 expression. The

stimulated HLA-A2+ CD8 cells only lysed p53 overexpress-
ing HLA-A2+ restricted mammary carcinoma cell line MDA-
MB231 but did not lyse the SK-BR3, which overexpresses p53
but does not express HLA-A2 [see Figure 5(b)].

DISCUSSION

There has been extensive clinical experience with unmodi-
fied MVA as a smallpox vaccine since the 1970s (26). Signif-
icant past experience with MVA supports its use as a vector
for the generation of a therapeutic response to tumor anti-
gens (11, 13, 14, 27–29). Several phase I trials have eval-
uated MVA-based vaccines showing no toxicity and some
clinical response (30–32). A phase I vaccination study us-
ing recombinant MVA expressing human tyrosinase (MVA-
hTyr) was conducted in patients with stage II melanoma.
Twenty patients were vaccinated three times at 4-week inter-
vals with 5 × 108 IU of MVA-hTyr each time. The vaccine
was demonstrated to be safe and did not have side effects
above grade 2 (31). However, it did not elicit a measurable
immune response to its transgene product in patients with
stage II melanoma after repeated combined intradermal and
subcutaneous vaccination.
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Figure 2. Stimulated cells were analyzed by tetramer-binding assay and ICC assay. CD8+ cells from the PBMC of cancer patient were subjected
to MVAp53 stimulation and IVS with the human-p53-derived peptide library. (a) A tetramer-binding assay was performed on the stimulated
effector cells. (b) IFN-γ production analysis was performed on stimulated effector cells following an overnight incubation with HLA-A2-restricted
p53-specific epitopes or the p53-derived peptide library. (c) The stimulated effector cells from PBMC of all 23 cancer patients were analyzed for
IFN-γ production by ICC assay after overnight incubation with p53 peptide library. Cutoff value was set up at 0.10% IFN-γ + in CD8+ T cells after
background subtraction. Results are gated CD8+ T cells.

Copyright C© 2011 Informa Healthcare USA, Inc.
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Figure 3. ICC assay on human PBMC following IVS with MVA and human p53 peptide library. CD8+ T cells isolated from the PBMC of a HNSCC
patient were subjected to IVS under the conditions shown at the top of the figure (left to right), including mock stimulation, MVA-CEA, or MVAp53.
All cells were restimulated with p53 peptide library pulsed autologous CpG-stimulated blasts. ICC assay was performed on 7-day-cultured CD8+

cells following overnight incubation with the peptide or control reagents shown on the right of the figure (top to bottom) including the peptide
diluent, a BKV peptide library, or p53-derived peptide library pool-1 and pool-2. Results are gated on CD8+ T cells.

A phase I clinical trial using MVA expressing MUC1 and
IL-2 (TG4010) for MUC1+ cancers demonstrated clinical
responses and cellular immune responses to MUC1 in some
patients (30). MUC1-specific T-cell activity was observed in
5 of 13 patients and 1 patient experienced stabilization of dis-
ease. At present, there are a number of ongoing clinical trials
using MVA-based vaccines that target a variety of cancers. A
phase I safety and immunogenicity trial of MVA expressing
HER2 (MVA-BN-HER2) vaccine is being conducted in HER-
2-positive breast cancer patients following adjuvant therapy
(NCT01152398) (33). A phase II clinical trial assessing the
efficacy of MVA-MUC1-IL2 (TG4010) as a therapeutic
vaccine combined with chemotherapy in comparison with
chemotherapy alone is being conducted in patients with
advanced nonsmall cell lung cancer (NCT00415818) (34). A
phase II study to access the activity of MVA-5T4 (TroVax)
plus docetaxel versus docetaxel alone is being conducted
in subjects with progressive hormone refractory prostate
cancer (NCT01194960) (35). A phase I study of MVA-FCU1
(TG4023) combined with systemic administration of 5-
fluorocytosine is conducted in patients with primary or
secondary hepatic tumors (NCT00978107) (36).

Tolerance to p53 is a crucial issue to overcome in the de-
velopment of a therapeutic p53-specific immune response (9,
14). During ontogeny, most T cells directed against epitopes
from self-proteins such as p53 are deleted in the thymus.

Because p53 is an autoantigen widely expressed throughout
development, tolerance to p53 might limit the effectiveness
of p53-directed immunotherapies. Functional and tetramer
studies in mice have clearly demonstrated tolerance to p53 at
the CTL level (37). To achieve successful p53-directed im-
munotherapy, it will be necessary to break immunological
tolerance to p53. Small numbers of self-reacting T cells es-
cape during the processes involved in the immune tolerance.
In mice, MVAp53 immunization alone can generate modest
p53-specific CTL and rejection of early established tumors
that overexpress p53 (13, 14). Several studies have demon-
strated the ability to induce p53-specific response in can-
cer patients and therefore indicate that p53-specific CTLs
have not been eliminated completely (14, 20, 38). Wild-type
p53-specific CTL and Th cells have been detected in PBMC
cultures in vitro (39, 40). Studies by Zwaveling et al. have
demonstrated that CD4+ p53-specific Th cells are able to
help tumor-specific CTL in controlling p53 overexpressing
tumors (40). Other groups have shown that MHC Class I re-
stricted wild-type p53 epitope pulsed dendritic cells (DCs)
are able to induce CTL expansion from normal donors and
cancer patients (10, 18, 41). Although CTLs from human
PBMC have been derived against a number of HLA-A2-
binding peptides of p53, these CTLs are less effective against
p53 overexpressing tumor cells. Immunization with whole
p53 protein delivered by viral vectors has the advantage of
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Figure 4. IFN-γ -producing cells underwent cell division in response to the human-p53-derived peptide library. Stimulated cells derived as in
Figure 3 were labeled with CFSE and cultured with p53 peptide library pulsed autologous APC for 7 days. ICC assay was performed to analyze cell
proliferation and IFN-γ production.

potential stimulation of responses targeting multiple MHC
Classes I and II restricted epitopes (13, 42, 43). In the cur-
rent study, the diverse nature of an immune response to p53
was confirmed by the demonstration of a higher percent-
age of IFN-γ ICC positive cells in response to the p53 pep-
tide library compared with both of the well-known HLA-A2
epitopes combined [see Figure 2(b)]. This suggests that an
epitope-specific strategy may not take full advantage of the
potential p53-specific memory T-cell repertoire.

Mutations in p53 might represent true TAA and would be
an ideal target for a tumor vaccine (8, 44). Unfortunately, mu-
tations in p53 occur at many sites, and most p53 mutation
does not correspond to immunologic T-cell epitopes. To be
widely applicable, p53-directed immunotherapy would need

to target wild-type epitopes of p53. Several groups have gen-
erated human CTL against HLA Class I binding motif pep-
tides from wild-type p53 by using IVS techniques, and some
wild-type p53-specific CTL derived from human PBMC are
capable of lysing human tumor cells which overexpress p53
(16, 18, 45, 46). In addition, there appears to be a lack of p53-
specific tolerance at the Th-cell level. Nikitina et al. used Ad-
p53-infected DC to restimulate p53-specific responses from
the PBMC of patients with aerodigestive tract cancers (9).
They were able to generate p53-specific CTL which would
recognize and lyse p53 overexpressing cancer cells, from 8 of
9 patients were evaluated. Using IVS techniques with vari-
ant peptide epitopes, Hoffmann et al. were able to generate
wild-type p53-specific CTL from 5 of 7 healthy donors (47).

Copyright C© 2011 Informa Healthcare USA, Inc.
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Figure 5. Cytotoxicity of the expanded CTL against various tumor cell
lines. CD8+ T cells stimulated with MVAp53 and restimulated for 2
sequential IVS with the human p53 peptide library were used as an ef-
fector cells in a standard 4-hr CRA. (a) Cytotoxic activity was assessed
against SAOS-2 (osteosarcoma cell line, p53 null, and HLA-A2+) and
SAOS–p53 (p53 transfected SAOS-2 cell line). (b) Cytotoxic activity
was assessed against mammary carcinoma cell lines, MDA-MB231
(p53+ and HLA-A2+), and SK-BR3 (p53+ and HLA-A2−). ∗p < .05,
∗∗p < .01 by two-tailed unpaired t test.

These CTLs recognized p53 overexpressing tumor cells. The
relevance of the p53-specific immune response is supported
by tetramer analyses demonstrating an increased frequency
of wild-type p53-specific CD8+ cells localized to tumor sites.
Several vaccine approaches have targeted p53 as a tumor
antigen with no evidence of autoimmunity, immunogenicity,
and clinical response (42, 48). A phase I/II dose-escalation
study evaluated the effect of a recombinant canarypox virus
(ALVAC) vaccine encoding wild-type human p53 in patients
with advanced colorectal cancer (48). Potent T-cell and IgG
antibody responses against the vector component of the AL-
VAC vaccine were induced in the majority of the patients.
Analysis of vaccine-induced immunity revealed the presence
of weak IFN-γ -secreting T-cell responses against p53. The
immunologic and clinical effect of another p53-based can-
cer vaccine, which consisted of DCs transduced with the full-
length wild-type p53 gene delivered via an adenoviral vector,
was studied in patients with extensive stage small cell lung
cancer (NCT00049218) (42). Vaccination resulted in the de-
velopment of weak p53-specific T-cell responses in over half
of the treated patients (57.1%).

The objective of the current study was to determine
the capacity of MVAp53 to stimulate p53-specific IFN-γ +-
secreting CD8+ T cells capable of expansion and direct tumor
cell lysis. We investigated this potential by modeling MVAp53

immunization with an in vitro assay system using PBMC
from cancer patients. The p53-specific responses with thera-
peutic potential could be generated from the majority of pa-
tients with a variety of solid tumor malignancies. The abil-
ity to generate p53-specific immunity was not age or stage
dependent, as responses could be identified in PBMC from
elderly and stage III and IV patients.

We utilized an overlapping peptide library to interrogate
p53-specific immune responses, allowing the p53-specific
response to be elucidated in the absence of exogenous
protein. Recently, Quintarelli et al. (49) reported that high
avidity CTLs were generated ex vivo by stimulation with
peptide library spanning the entire PRAME protein from
PBMC of cancer patients and healthy donors. These high
avidity polyclonal PRAME-specific CTL lines recognized
new HLA-A2 epitope and were capable of killing primary
leukemic blasts and tumor cell lines. In our study, we utilized
MVAp53 and p53 peptide library IVSs to induce p53-specific
CTL expansion from PBMC of cancer patients. Since
15-mer overlapping peptide libraries contain all possible
epitopes for both CD4+ and CD8+ T cells, the induction
and examination of immune responses bypasses the concern
for epitope mapping. IFN-γ produced by CD8+ cells from
MVAp53 and p53 peptide library stimulations distribute
into different peptide pools and further divide into variety
of peptide subpools (data not shown). The relevance of
the expanded T cells is demonstrated by the capacity for
p53-specific T-cell degranulation and cytotoxic potential as
measured by expression of CD107 (see Figure 3) and specific
cell proliferation measured by CFSE labeling (see Figure 4).
The resulting human CTLs are able to recognize and lyse
HLA-A2+, p53 overexpressing tumor cell lines but not
HLA-A2 negative or p53 negative cell lines (see Figure 5).

In conclusion, we performed a comprehensive analysis of
p53-specific CD8+ CTL expansion from 23 HLA-A2+ can-
cer patients after MVAp53 stimulation in vitro. The MVAp53
vaccine was capable of inducing p53-specific CD8+ IFN-γ
producing cells in 60.9% of the solid tumor patients. The
demonstrated ability of the MVAp53-stimulated cells to me-
diate lysis of p53 overexpressing cell lines supports the po-
tential of the vaccine. These studies support the evaluation
of MVAp53 in a clinical trial setting involving patients with
solid tumor malignancy.
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