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Abstract

Tumor suppressor p53 is reported to be an attractive immunotherapy target because it is mutated in approxi-
mately half of human cancers, resulting in inactivation and often an accumulation of the protein in the tumor
cells. Only low amounts of protein are detectable in normal tissues. The differential display of antigen in nor-
mal versus tumor tissues has been reported to create an opportunity to target p53 by immunotherapy. We
sought to determine the relationship between p53 expression and its recognition by cognate T cells in human
tumors including common epithelial malignancies. Inasmuch as nonsense or missense p53 mutations may dis-
rupt processing and presentation, we studied tumors with either identified wild-type or mutated p53, based
on our gene-sequencing studies or published data. T cells transduced with a high-affinity, p53264–272-reactive
T cell receptor (TCR) derived from HLA-A2.1 transgenic mice recognized a wide panel of human tumor lines.
There was no significant correlation between p53 expression in tumors and recognition by the anti-p53 TCR-
transduced T cells. This conclusion was based on the study of 48 cell lines and is in contrast to several prior
studies that used only a limited number of selected cell lines. A panel of normal cells was evaluated for recog-
nition, and some of these populations were capable of stimulating anti-p53 T cells, albeit at low levels. These
studies raise doubts concerning the suitability of targeting p53 in the immunotherapy of cancer patients.
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Introduction

TUMOR SUPPRESSOR p53 is directly mutated in approxi-
mately half of human cancers and, including other

mechanisms for inactivation such as MDM2 amplification,
p53 function is believed to be disrupted in most of the re-
maining cases (Vogelstein et al., 2000). With mutation, crit-
ical p53 functions including cell cycle regulation, apoptosis
induction, DNA repair, and angiogenesis are impaired, thus
enabling tumorigenesis (Vogelstein et al., 2000). Mutant p53
also is thought to have a dominant transforming function
in vivo, resulting in selective pressure to maintain its ex-
pression throughout tumor growth (Lang et al., 2004; Olive
et al., 2004). In addition, p53 mutations often result in in-
creased protein levels ascribed to an increased half-life from
several minutes observed in normal cells to a t1/2 of hours
(Reich et al., 1983; Rogel et al., 1985). The mechanism un-
derlying the accumulation of p53 in tumors is not generally

attributed to enhanced RNA transcription (Calabretta et al.,
1986; Matlashewski et al., 1986) but to impaired MDM2-
mediated ubiquitination of p53 and diminished proteaso-
mal degradation (Kubbutat et al., 1997). The relatively low
levels of p53 present in normal tissues compared with the
elevated levels due to enhanced p53 stability in tumors is
proposed to create a therapeutic window in which to tar-
get this antigen by immunotherapy (Theobald et al., 1995).
This, in conjunction with the wide spectrum of tumors that
possess p53 mutations, make it an attractive target for im-
munotherapy.

The evidence that p53 is targeted by the immune system
results from multiple studies that demonstrated antibody
and T cell responses specific for this antigen in patients with
multiple forms of cancer. Immunogenicity of p53 in cancer
patients was first suggested to occur because anti-p53 anti-
bodies were demonstrated in the sera of breast cancer (Craw-
ford et al., 1982), childhood B cell lymphoma (Defromentel
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et al., 1987), and lung cancer (Winter et al., 1992) patients but
not in normal control subjects, a finding often correlated with
missense mutations within the p53 gene (Winter et al., 1992;
vonBrevern et al., 1996). Cellular immune responses to p53
have been generated by in vitro stimulation of peripheral
blood lymphocytes (PBLs) from normal donors and cancer
patients (Tilkin et al., 1995; Röpke et al., 1996; Hoffmann et
al., 2000, 2002; Albers et al., 2005; Black et al., 2005), and in
vivo anti-p53 T cells have been raised from patients through
peptide-pulsed cell and recombinant virus-based vaccines
(van der Burg et al., 2002; Carbone et al., 2005; Antonia et al.,
2006; Svane et al., 2007). Because of thymic and peripheral
tolerogenic mechanisms, it has been proposed that the lack
of high-affinity T cells specific for this self-antigen may be
responsible for the difficulty in isolating high-affinity clones
from humans (Theobald et al., 1995, 1997).

The success of adoptive cell transfer approaches for the
treatment of patients with metastatic melanoma and the
demonstration that treatment with autologous lymphocytes
transduced with genes encoding anti-tumor T cell receptor
(TCR) could mediate tumor regression has stimulated inter-
est in generating high-affinity TCR capable of recognizing
p53 epitopes (Dudley et al., 2005; Morgan et al., 2006). To cir-
cumvent tolerance to this self-antigen, several investigators
immunized HLA-A2.1 mice with heteroclitic peptides with
sequences that differed between human and mouse wild-
type p53 to generate high-affinity T cells capable of killing
human tumor cell lines (Theobald et al., 1995, 1997; Liu et al.,
2000; Kuball et al., 2005). Indeed, we and others have dem-
onstrated that PBLs transduced with a murine TCR isolated
from these mouse T cell clones specific for the p53264–272 epi-
tope were capable of lysing p53-expressing tumor cell lines
while a limited number of p53-negative lines and normal
cells were ignored (Liu et al., 2000; Cohen et al., 2005; Kuball
et al., 2005). Thus, it has been postulated that these high-affin-
ity anti-p53 TCR-transduced T cells may be useful in the gene
therapy of cancer patients whose tumors overexpress p53.

The administration or generation of high-avidity T cells
specific for a ubiquitously expressed antigen such as p53 re-
lies on a differential antigenic display between tumor versus
normal cells. Although there is considerable confusion in the
literature, a correlation between p53 protein overexpression
in tumor cells and cognate T cell recognition compared with
absent or limited p53 expression in tumors or normal cells
that are ignored is purported to provide the basis for tar-
geting p53 by immunotherapy. In addition to the studies
with anti-p53 TCR-transduced T cells that implicated the re-
quirement for p53 expression in tumors to serve as T cell tar-
gets based on relatively few cell lines (Liu et al., 2000; Cohen
et al., 2005; Kuball et al., 2005), the requirement of p53 over-
expression for anti-p53 T cell recognition was also reported
with T cells generated from mice (Theobald et al., 1995, 1997)
and humans (Gnjatic et al., 1998; Tokunaga et al., 2005). The
requirement for p53 overexpression in tumors for T cell
recognition has certainly been challenged, and investigators
have reported instances of T cell recognition of tumors with-
out demonstrable p53 expression, especially in the context
of human papilloma virus (HPV) infection, a setting leading
to enhanced proteasomal degradation of p53 (Röpke et al.,
1996; Vierboom et al., 2000; Sirianni et al., 2004).

In human tumors, we thus sought to study the relation-
ship between p53 expression in tumor cell lines and recogni-

tion by T cells expressing a high-affinity TCR specific for the
immunodominant p53 epitope, p53264–272. We employed a
panel of melanoma cell lines and well-characterized tumor
cell lines with known p53 gene sequences from multiple can-
cer origins, such as the NCI-60 cell lines, to investigate this
relationship. From our studies we concluded that there was
no correlation between p53 expression in tumors and cognate
T cell recognition. In addition, some normal cell lines also
stimulated the production of interferon (IFN)-�, although
generally at lower levels. These findings raise questions con-
cerning the suitability of p53 as an immunotherapy target and
have broader implications for the screening of appropriate
candidate patients for p53-based immunotherapy as well as
clinical monitoring for autoimmunity in these patients.

Materials and Methods

Tumor cell lines

HLA-A2.1� melanoma cell lines (2436, 2207, 1861, 2319,
1890, 2081, 2218, 2098, 2224, 1994, 526, 624, and 1833) and
HLA-A2� cell lines (888, 938, 1350, and 1848) were gener-
ated at the Surgery Branch of the National Cancer Institute
(NCI; National Institutes of Health [NIH], Bethesda, MD) as
previously described (Topalian et al., 1989). The NCI-60 cell
lines were obtained from the Developmental Therapeutics
Program (NCI, NIH) and the TC-71 cell line was a gift from
H. Khong (Surgery Branch, NCI). IM-9 (CCL-159; American
Type Culture Collection [ATCC], Manassas, VA), U-937
(CRL-1593.2; ATCC), H2087 (CRL-5922; ATCC), and SaOS2/
143 (Theobald et al., 1995) cell lines were obtained. Tumor
cells were cultured in RPMI (Lonza Walkersville, Walk-
ersville, MD) with 10% fetal calf serum (FCS; Invitrogen,
Carlsbad, CA) supplemented with penicillin (100 U/ml)/
streptomycin (100 �g/ml) and L-glutamine (2 mM; Lonza)
and maintained in a 37°C incubator at 5% CO2.

Normal cell lines and autologous cell targets

Peripheral blood mononuclear cells (PBMCs) were collected
by leukapheresis from metastatic melanoma patients at the
Surgery Branch of the NCI and separated by centrifugation in
Ficoll/Hypaque medium. PBLs were cryopreserved in a liq-
uid nitrogen freezer. A renal epithelial cell line was a gift from
S. Garrett and D. Sens (University of North Dakota, Grand
Forks, ND); fibroblast cell lines were generated at the Surgery
Branch of the NCI; and an astrocyte cell line was obtained from
All Cells (Berkeley, CA). PBLs were from metastatic melanoma
patients treated at the Surgery Branch of the NCI.

Peripheral blood stem cells (PBSCs) were obtained from
melanoma patients at the Surgery Branch of the NCI. Briefly,
PBSCs were obtained by granulocyte colony-stimulating fac-
tor (G-CSF) mobilization followed by apheresis and CD34�

cell selection (CliniMACS; Miltenyi Biotec, Bergisch Glad-
bach, Germany). To obtain activated lymphocytes, thawed
PBLs was placed into culture at 1–2 � 106 cells/ml in 162-
cm2 flasks (Costar; Corning Life Sciences, New York NY) in
AIM V (Invitrogen) medium supplemented with 5% human
AB serum (Valley Biomedical, Winchester, VA), L-glutamine,
Pen/Strep, interleukin (IL)-2 (300 IU/ml) (Chiron), and
OKT3 (Orthoclone, 50 ng/ml; Ortho Biotech, Bridgewater,
NJ) and maintained between 0.5 � 106 and 3 � 106 cells/ml
for 96 hr. Dendritic cells were generated from PBMCs as 
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previously described (Sallusto and Lanzavecchia, 1994).
Briefly, thawed PBMCs were placed in 162-cm2 flasks in AIM
V for 2 hr, and nonadherent cells were washed away with
RPMI. Medium was replaced with RPMI supplemented with
10% heat-inactivated human AB, Pen/Strep, L-glutamine, and
1000-IU/ml concentrations of recombinant human IL-4 and
recombinant human granulocyte-macrophage colony-stimu-
lating factor (GM-CSF) (PeproTech, Rocky Hill, NJ). Cells re-
mained in culture for 4 days before use in experiments.

Transduction of PBLs

The MSGV1-based retrovirus encoding the TCR � and �
chains specific for the human p53264–272 epitope (p53:264
TCR) used in this study was previously described (Cohen et
al., 2005). A retrovirus using a similar MSGV1-based back-
bone encoding a TCR cloned from a T cell line isolated in
HLA-A2.1 transgenic mice and targeting the gp100154–162

epitope was used as a control (gp100:154 TCR; a generous
gift from Z. Yu, NCI). Thawed PBLs were placed into cul-
ture at 1–2 � 106 cells/ml in 162-cm2 flasks (Costar) in AIM-
V medium supplemented with 5% human AB serum (Val-
ley Biomedical), L-glutamine, Pen/Strep, IL-2 (300 IU/ml),
and OKT3 (Orthoclone, 50 ng/ml) for 48 hr. Retroviral vec-
tor transduction was performed with RetroNectin (Takara
Bio, Otsu, Japan)-coated 6-well plates as described by the
manufacturer. Cells were harvested and placed into 6-well
(Becton Dickinson, Franklin Lakes, NJ) retrovirus-coated
transduction plates at 0.25 to 0.5 � 106 cells/ml in a total vol-
ume of 4 ml. After overnight incubation at 37°C, the process
was repeated for a second transduction. The next day, cells
were transferred into 162-cm2 flasks and expanded for up to
16 days while maintaining the cell density between 0.5 and
3 � 106 cells/ml in a 37°C, 5% CO2 incubator. GLp53TCR is
a p53:264 TCR-transduced T cell line that was transduced
and expanded as described previously for 16 days after stim-
ulation, aliquoted, and stored in liquid nitrogen. Flow cyto-
metric analysis demonstrated that �99% of the cells were
CD3�, 93.8% were CD8�, and 86.9% of the cells expressed
the murine p53:264 TCR. In multiple experiments, these cells
recognized p53264–272 peptide-pulsed T2 cells at a level of 1
nM as measured by specific IFN-� release by enzyme-linked
immunosorbent assay (ELISA).

p53 gene sequencing

Six pairs of primers to amplify exons 2–11 of p53 includ-
ing splice junctions and accompanying sequencing primers
were designed with Vector NTI (Invitrogen). Tumor cell line
genomic DNA was isolated (Qiagen, Valencia, CA) and am-
plified by polymerase chain reaction (PCR) with a high-fi-
delity Taq polymerase (Invitrogen) on a thermocycler (MJ Re-
search, Waltham, MA). PCR products were purified and
sequenced on an ABI PRISM thermocycler (Applied Biosys-
tems, Foster City, CA). Sequences were compared with a p53
reference sequence, GenBank X54156, to identify mutations.

Flow cytometry

Transduction efficiency for p53:264 or gp100:154 TCR in-
sertion into PBLs was assessed by anti-murine TCR V�3
monoclonal antibody (mAb; clone KJ25, BD Biosciences, San
Jose, CA) and HLA-A2.1/p53264–272 pentamer or HLA-A2.1/

gp100154–162 pentamer (ProImmune, Bradenton, FL), respec-
tively. For intracellular staining, cells were fixed and perme-
abilized with intracellular staining buffer (eBioscience, San
Diego, CA) and stained with anti-p53 mAb or an isotype
control (clone DO-7 and clone 27-35, respectively; BD Bio-
sciences). Specific intracellular p53 staining is reported as per-
centage p53 (percentage anti-p53 mAb positive minus isotype
control background) and as mean fluorescence intensity (MFI)
p53 (MFI of anti-p53 mAb minus MFI of corresponding iso-
type control). Surface staining of normal cell populations in-
cluded HLA-A2 (clone BB7.2), CD3 (SK-7), CD11c (B-ly6),
CD34 (581), or the relevant isotype controls mIgG1 and
mIgG2b� (clones X40 and 27-35, respectively; BD Biosciences).

Western blot

From 5 � 106 to 10 � 106 tumor cells were lysed in ra-
dioimmunoprecipitation assay (RIPA) buffer (EMD Bio-
sciences, San Diego, CA) containing protease inhibitor cock-
tail (EMD Biosciences) and incubated for 30 min on ice.
Lysate was centrifuged for 10 min at 12,000 rpm (Eppendorf,
Hamburg, Germany) and the supernatant was transferred to
a new microcentrifuge tube (Eppendorf). Sixty micrograms
of protein was loaded on a sodium dodecyl sulfate (SDS)
protein gel and electrophoresed. The separated proteins
were blotted onto a nitrocellulose membrane for 1 hr at 30
V (Invitrogen). The membrane was blocked for 30 min with
5% dry milk–0.05% Tween 20 in phosphate-buffered saline
(PBS). The washed membrane was incubated for 1 hr with
anti-p53 mAb (D07 clone, 2 �g/ml; BD Biosciences); washed
and incubated with horseradish peroxidase (HRP)-conju-
gated anti-mouse (diluted 1:10,000; BD Biosciences) for 60
min; and developed with chemoluminescent reagent (Pierce
Biotechnology, Rockford, IL).

ELISA

Stimulation of TCR-transduced PBLs with tumor or normal
cells were assessed by IFN-� secretion. TCR-transduced PBLs
(1 � 105) were cultured with 1 � 105 target cells overnight in
a 96-well U-bottom plate (Costar) in 200 �l of RPMI 1640
(BioFluids, Rockville, MD) containing 10% FCS (BioFluids),
Pen/Strep, and L-glutamine. Supernatants were harvested
and analyzed for IFN-� by ELISA (Pierce Biotechnology).

Results

p53:264 TCR-transduced T cell recognition of HLA-A2�

melanoma cell lines

To evaluate the relationship between p53 overexpression
and recognition by T cells transduced with a p53-specific
TCR cloned from HLA-A2.1 transgenic mice, we employed
a panel of melanoma cell lines generated at the Surgery
Branch of the NCI. p53:264 TCR-transduced T cells devel-
oped from the PBLs of two different patients were expanded
in vitro for 7 days and assessed for recognition of the mela-
noma cell lines as measured by IFN-� production in a stan-
dard overnight coculture assay. The level of transgenic TCR
expression determined by murine V�3 immunocytofluoro-
metric analysis was 48% and 44% in patient 1 and patient 2,
respectively. As demonstrated in Fig. 1 (top), 11 of 13 of the
HLA-A2� melanoma lines were specifically recognized by
cognate T cells compared with corresponding untransduced
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T cells. Control tumor cell lines including HLA-A2� mela-
noma lines (1350 and 1848) and the HLA-A2�, p53-deleted
cell osteosarcoma line (SaOS2) did not stimulate anti-p53 T
cells. A breast cancer cell line, MDA-231, containing a p53 mis-
sense mutation resulting in an amino acid change from an
arginine to a lysine at position 280 and an SaOS2/143 tumor
cell line stably transfected (Dittmer et al., 1993) with the p53
gene containing a mutation at position 143 were recognized
by the antitumor T cells. In the same experiment, these tumor
lines were tested for p53 expression by intracellular im-
munocytofluorometric analysis. Figure 1 (bottom) demon-
strated p53 expression as indicated by specific percentage pos-
itive tumor cells and specific MFI in the control and melanoma
lines. The melanoma lines are oriented from left to right in or-
der of their ability to stimulate p53:264 TCR-transduced T
cells. The melanoma lines inducing the three highest amounts
of IFN-� production demonstrated little if any specific p53 ex-
pression. Conversely, the melanoma lines with the four high-
est levels of p53 expression stimulated p53:264 TCR-trans-
duced T cells to produce little IFN-� (average, 606 pg/ml).
Although not well recognized by p53:264 TCR-transduced T
cells, three of these four melanoma lines were specifically rec-
ognized by a melanoma-specific cytotoxic T lymphocyte
(CTL) line, JKF6, recognizing MART-127–35 with IFN-� pro-

duction of 8280, 5640, 5280, and 74 pg/ml, indicating the abil-
ity to process and present antigen in the context of HLA-A2.1
on the surface of tumor cells (data not shown). Concordance
between p53 staining by immunohistochemistry in tumor cells
and the presence of p53 mutations has been reported (Soong
et al., 1996; Kressner et al., 1999), and the lack of recognition
of the highest p53 expressers may have been related to par-
ticular nonsense mutations resulting in truncated proteins not
containing the relevant p53264–272 epitope or missense muta-
tions occurring at the epitope, thereby altering the recognition
by our transduced T cells. To evaluate this possibility the p53
gene was sequenced in these cultured lines.

p53 gene sequencing studies of melanoma lines reveals
no relationship between p53 expression and recognition
by cognate T cells

To determine whether the lack of correlation between p53
expression and recognition could be ascribed to particular
p53 mutations that interrupt or disrupt the presentation of
the p53264–272 epitope, we developed genomic primers that
encompassed the coding sequence of p53, exons 2–11. Table
1 summarizes the p53 gene sequencing results of the 13 HLA-
A2� melanoma lines that were tested in the experiment il-
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FIG. 1. p53 expression by melanoma cell lines
and stimulation of p53:264 TCR-transduced T
cells. Top: PBLs from two patients (Pt 1 and 
Pt 2) were stimulated with OKT3 and left un-
transduced (Utd) or transduced (Td) on two
separate days (days 2 and 3) with an MSGV1-
based retrovirus encoding the �/� p53264–272
murine TCR (p53 TCR), resulting in a trans-
duction efficiency of 48% (Pt 1 p53 TCR) and
44% (Pt 2 p53 TCR). T cells were expanded for
an additional 5 days in vitro before culturing 1 �
105 T cells with 1 � 105 tumor cells overnight.
IFN-� production was determined by ELISA.
Bottom: In the same experiment, 1 � 106 tumor
cells were assayed for p53 expression by flow
cytometry with a PE-labeled mAb specific for
mutant and wild-type p53 or isotype control.
Both mean fluorescence intensity (MFI p53) and
percentage of tumor cells (% p53) expressing
p53 are shown (both values are corrected for
background staining with the isotype control).
SaOS2 (HLA-A2�p53�, osteosarcoma), SaOS2/
143 (HLA-A2�p53�, osteosarcoma line trans-
fected with a mutant p53 gene encoding an
amino acid change at position 143), MDA-231 
(HLA-A2�p53�, breast cancer), and HLA-A2�

(1350 and 1848) or HLA-A2� (1890, 1833, 2436,
624, 526, 2081, 2098, 2224, 181, 2207, 1994, 2218,
and 2319) melanoma cell lines were assayed.



lustrated in Fig. 1. Of these lines, 3 of the 13 were found to
contain mutations within the p53-coding sequence, and as
would be predicted these 3 lines indeed exhibited the high-
est levels of p53 protein by melanoma lines in Fig. 1B. In-
terestingly, 624, a line not recognized by the p53:264 TCR-
transduced T cells, contained a missense mutation with an
amino acid change from a cysteine to a tryptophan flanking
the target epitope at codon 275. It is unclear whether the close
proximity to amino acid 272 adversely affected the process-
ing and presentation of the relevant epitope, similar to the
arginine-to-histidine mutation at amino acid 273 that has
been described to abrogate cognate T cell recognition of the
p53264–272 epitope (Theobald et al., 1998). Tumor cell lines 526
and 1861 were found to have mutations in the DNA-bind-
ing domain, and along with a wild-type p53 tumor cell line,
2224, contained a polymorphism in p53 at amino acid 72 with
an arginine-to-proline change (R72P) that has been reported
to increase positive feedback and production of MDM2
(Yang et al., 2007). Mutation of p53 in the melanoma lines
was not required for specific p53:264 TCR-transduced T cell
recognition. Nine of 11 melanoma cell lines that were rec-
ognized contained only wild-type p53 sequences (i.e., 1833,
2436, 2081, 2098, 2224, 2207, 1994, 2218, and 2319).

To evaluate the correlation between p53 expression by im-
munocytofluorometric analysis and recognition by p53:264
TCR-transduced T cells, we employed linear regression anal-
ysis including only HLA-A2� tumor cell lines that did not
contain p53 deletions (e.g., SaOS2) or missense mutations
flanking the epitope with unknown effect on p53264–272 epi-
tope processing (624 cell line). In Fig. 2, the relationship be-
tween IFN-� production by p53:264 TCR-transduced T cells
and specific p53 expression as indicated by MFI is shown.
There was no statistically significant relationship observed
between the specific level of p53 protein expression in tumor
cell lines and secretion of IFN-� by anti-p53 TCR-transduced
PBLs (p � 0.1). This was true even with exclusion from the
analysis of MDA-231 and SaOS2/143, control tumors that ex-
press 1 log higher p53 levels assessed by MFI.

Correlation between p53 expression and recognition in
tumor cell lines from multiple cancer origins with known
p53 mutations

To determine whether there was a correlation between
p53 expression levels and specific T cell recognition for tu-
mors other than melanoma, we tested the ability of 17 tu-
mor cell lines from multiple origins including breast, colon,
lung, renal, ovarian, CNS, hematopoietic, and melanoma
with described wild-type or mutated p53 to stimulate
p53:264 TCR-transduced T cells to produce IFN-�. For this
analysis we used a panel of 59 tumor cell lines previously
HLA typed and sequenced for p53 mutations used in the
screening of anticancer agents by the Developmental Ther-
apeutics Program of the NCI (O’Connor et al., 1997; Adams
et al., 2005). Of the 59 cell lines previously reported, HLA-
typing results indicated that 23 cell lines were either HLA-
A2.1 (11 lines), HLA-A2 unknown subtype (9 lines), or HLA-
A2 new subtype (1 line); or HLA-A typing was not at a
resolution allowing identification (2 lines). In addition, four
HLA-A2� tumor cell lines (HepG2, H2087, A375, and IM-9)
with previously described wild-type or mutated p53 were
obtained (Mitsudomi et al., 1992; Hsu et al., 1993; Muller et
al., 1997; Bamford et al., 2004). Tumor cell lines with unclear
HLA-A2 subtypes were pulsed with the HLA-A2.1-re-
stricted epitopes, MART-127–35 or p53264–272, and cultured
with cognate effector T cells. COLO 205, HCT-15, OVCAR-
5, SW-620, and NCI-H522 stimulated the cognate effectors
to secrete IFN-� and were included for further testing, but
HCC-2998 and KM12 did not present the relevant epitopes
and were excluded (data not shown). We further excluded
cell lines with p53 missense mutations within amino acids
264–272 (COLO 205), missense mutations resulting in an
arginine-to-histidine change at position 273 (HCT-15, SW-
620, SNB-19, and U251), and nonsense mutations occurring
before this epitope (NCI-H522 and OVCAR-5). This resulted
in the identification of 13 additional lines capable of pre-
senting the p53264–272 epitope.
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TABLE 1. p53 GENE SEQUENCING OF MELANOMA LINES

Mutation or polymorphisma

Tumor cell line p53 gene Exon Coding sequence Amino acid change Comment

1890 Wild-type
1833 Wild-type
2436 Wild-type
624 Mutant 8 bp 825, T � G C275W DNA-binding region
526 Mutant 5 bp 389, T � C L130P DNA-binding region

4 bp 215, G � C R72P Polymorphism
2081 Wild-type
2098 Wild-type
2224 Wild-type 4 bp 215, G � C R72P Polymorphism,

heterozygous
1861 Mutant 5 bp 389, T � C L130P DNA-binding region

4 bp 215, G � C R72P Polymorphism
2207 Wild-type
1994 Wild-type
2218 Wild-type
2319 Wild-type

aMutations or polymorphisms indicated are homozygous unless otherwise noted.



PBLs were transduced with either an anti-p53:264 TCR or
a melanoma-specific anti-gp100:154 TCR similarly derived
from HLA-A2.1 transgenic mice, or were left untransduced
and cocultured overnight with control HLA-A2� (888 and
938) or HLA-A2�p53:264� (SaOS2 and NCI-H522) tumor
lines in addition to the 17 tumor cell lines being investigated.
PBLs from four individual patients were used, and the IFN-
� production from two representative PBLs are shown in
Table 2. The control gp100:154 TCR-transduced T cells specif-
ically recognized three of the five melanomas; one unrecog-
nized melanoma line, A375, lacks expression of the gp100
antigen (Zhai et al., 1996). p53:264 TCR-transduced T cells de-
rived from patient 1 PBLs specifically recognized 16 of the 17
tumor cell lines compared with the two control non-A2 and
the two p53264–272 epitope-disrupted cell lines. p53:264-trans-
duced T cells from patient 2 specifically recognized 12 of 17
tumors and none of the 4 control lines. Eleven of the 17 tu-
mors included in this panel were p53 wild type, and neither
of the p53:264 TCR-transduced T cells exhibited a relation-
ship between IFN-� production and the p53 mutational sta-
tus (either wild type or mutant) of the target. A linear re-
gression analysis was performed to evaluate p53 expression
assessed by MFI and T cell IFN-� production, and in the panel
of tumors representing nine different cancer origins there was
no correlation demonstrated (p � 0.49; see Fig. 3A). The lack
of correlation between p53 expression and IFN-� production
by p53:264 TCR-transduced T cells was confirmed in 12 ad-
ditional experiments, including 2 that assessed p53 protein
expression by Western blot (data not shown).

Interestingly, HLA-A2 expression was assessed by flow
cytometry in this same experiment and in three of four pa-
tient PBL lines transduced with the p53:264 TCR, there was

a trend toward a positive relationship between HLA-A2 ex-
pression and IFN-� production (p values of 0.06, 0.12, and
0.07 for each of the three p53:264 TCR-transduced T cells)
and in p53:264 TCR-transduced T cells from the other pa-
tient this correlation reached the level of significance, with a
p value of 0.03 (Fig. 3B). Of 20 analyses performed to evalu-
ate HLA-A2 expression by flow cytometry of tumor cells
(without mutations known to be deleterious to presentation
of p53264–272 epitope) and stimulation of p53:264 TCR-trans-
duced T cells to produce IFN-�, 9 tests demonstrated corre-
lation with p � 0.1; three of these reached significance (p �
0.05; data not shown).

The possibility existed that the isolation of the p53:264 TCR
from HLA-A2.1 transgenic mice and resultant CD8 indepen-
dence may convey background HLA-A2 molecule recognition
to transduced T cells regardless of the epitope presented. To
investigate this further, we employed multiple HLA-A2� tu-
mor cell lines with mutations that resulted in defective or ab-
sent p53264–272 epitope presentation. Figure 4 summarizes 18
independent experiments incorporating data for each cell line
from a range of 2 to 26 measurements of p53:264 TCR-trans-
duced T cell production of IFN-� in response to either tumor
or normal cell populations. Control HLA-A2� tumor lines
were not recognized by the p53-specific T cells. Importantly,
HLA-A2� tumor lines, including those with high HLA-A2 ex-
pression levels (data not shown), encoding a p53 mutation
that resulted in a truncation before amino acid 264 (four tu-
mor lines), or encoding a mutation within the p53264–272 epi-
tope (one tumor line), or containing a mutation at codon 273
(five tumor lines) did not stimulate p53:264-transduced T cells
to produce IFN-�. Conversely, HLA-A2� tumor lines with
wild-type or mutant p53 were recognized in these experi-
ments. Taken together, these data indicate that the presence
of cognate epitope on the surface of the tumor cells is required
to stimulate p53:264 TCR-transduced T cells.

Recognition of normal cell lines by anti-p53 
TCR-transduced PBLs

p53 is tightly regulated at the level of protein degradation,
and in normal tissues without cellular stresses the p53 pro-
tein is rapidly ubiquitinated and processed through the pro-
teasome (Vogelstein et al., 2000). We and others have dem-
onstrated that normal cells were not recognized by anti-p53
TCR-transduced PBLs; however, the number tested included
relatively few lines (Theobald et al., 1995; Cohen et al., 2005;
Kuball et al., 2005). This, in part, is due to the availability of
relatively few nontransformed cell lines derived from nor-
mal tissues. To extend our experience with normal cell types,
we evaluated the ability of anti-p53 TCR-transduced T cells
to recognize a variety of normal cell lines including mobi-
lized CD34� peripheral blood stem cells (PBSCs), OKT3-ac-
tivated PBLs (aPBLs), DCs generated from PBMCs, fibro-
blasts, astrocytes, and renal epithelial cell lines (Figs. 4 and
5). T cells transduced with the p53:264 TCR were used to in-
vestigate the ability to recognize autologous cell populations
including DCs, PBSCs, and aPBLs. Nonspecific T cell stimu-
lation was controlled for by including PBLs transduced with
a gp100:154 melanoma-specific TCR that was similarly iso-
lated in HLA-A2.1 transgenic mice and was cloned into the
same retroviral backbone. In all three patients, DCs stimu-
lated specific IFN-� production by anti-p53 TCR T cells, in-
dicated by a ratio of IFN-� production by p53:264 to control
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FIG. 2. Linear regression analysis of p53 expression in mel-
anoma cell lines and IFN-� production by cognate T cells.
Twelve of the 13 HLA-A2� melanoma cell lines analyzed in
Fig. 1 and Table 1 were included with the 2 HLA-A2�p53�

tumor control lines (SaOS2/143 and MDA-231) in a linear
regression analysis investigating the relationship between
the specific MFI of p53 and IFN-� production by cognate ef-
fectors from patient 1. Tumor cell line 624 was excluded from
this analysis because of the close proximity of the amino acid
change to the p53264–272 epitope. This analysis is representa-
tive of results obtained with IFN-� values by p53:264 TCR-
transduced T cells from patient 2 (R2 � 0.0013, p � 0.1), and
an analysis performed by excluding the outliers MDA-231
and SaOS2/143.



TCR-transduced cells (stimulation index) greater than 1. Au-
tologous PBSCs were substantially recognized by p53:264
TCR-transduced T cells in a single patient (patient 2; Fig. 5A)
at a level of IFN-� of 2410 pg/ml with a stimulation index
of 8. In Fig. 5A, the stimulation index was 2.5 for PBSCs from
a second patient (patient 3), but the level of autologous
p53:264 TCR-transduced T cell production of IFN-� was low
(84.9 pg/ml). p53:264 TCR-transduced T cells did not specif-
ically produce IFN-� on coculture with autologous aPBLs or
a control HLA-A2�p53� tumor, SaOS2. The stimulation in-
dex was 0.2 to 0.3 for 2218, a melanoma line that is recog-
nized by both p53:264 TCR-transduced and melanoma-spe-
cific TCR-transduced T cells, although this value indicates
stronger recognition by the melanoma-specific T cells in all
three patient PBLs used in the TCR transductions. Coculture
of HLA-A2�p53� tumors H2087 and MDA-231 with p53:264
TCR-transduced T cells resulted in a higher stimulation in-
dex compared with their respective autologous cell targets
in three of three (H2087) and two of three (MDA-231) cases.

Interestingly, for the tumor cell lines there was trend toward
a correlation between HLA-A2 expression as assessed by
MFI and IFN-� production by p53:264 TCR-transduced T
cells, but for the normal cell populations there was no cor-
relation (p � 0.1; data not shown).

The lack of specific p53:264 TCR-transduced T cell recog-
nition by OKT3-activated PBLs in Fig. 5A was unexpected
in light of prior studies demonstrating p53 protein induction
in concanavalin A- or phytohemagglutinin-activated T cells
with increased protein accumulation 20 to 72 hr poststimu-
lation (Milner, 1984; Mercer and Baserga, 1985; Mateo et al.,
1995). To determine the time course of p53 protein accumu-
lation in our transduction system, that is, PBL stimulation in
OKT3 and IL-2, individual PBL cultures obtained from three
patients were stimulated, harvested sequentially, and stored
in liquid nitrogen 0 to 4 days post-stimulation. Intracellular
p53 levels in T cells from the cultures isolated on day 0
through day 4 were measured by immunocytofluorometric
analysis. Peak T cell p53 expression levels were identified on
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TABLE 2. WILD-TYPE OR MUTATED p53 TUMORS AND T CELL RECOGNITION

Patient 1a

gp100�154 p53�264
Targets Tumor type Comment CMa UTD TCR TCR (p53�264 TCR)

Controls
CM 35. 89 355 273 424
888 Melanoma HLA-A2� 29 49 164 127 312
938 Melanoma HLA-A� 29 58 211 149 213
SaOS2 Osteosarcoma A2�/p53�264 29 66 171 572 110

deleted
NCIH522 NSCLC A2�/p53�264 32 39 111 730 505

deleted

HLA-A� wild-type p53 tumor cell lines
SF539b Glioma 42 106 537 5500 2127
HepG2 HCC 31 58 330 3869 2486
SKMEL5 Melanoma 47 67 52194 1671 610
UAcc62 Melanoma 32 62 285 2685 544
UACC57 Melanoma 41 116 82128 17717 9033
a498 RCC 35 57 534 14927 5914
HCT116 Colon carcinoma 33 52 238 4350 3702
MCF7 Breast carcinoma 31 56 463 8136 7646
A375 Melanoma 32 116 542 3806 864
IM9 Multiple myeloma 32 577 15195 35638 8913
MALME-3M Melanoma 32 117 77458 20203 9106

HLA-A2� mutated p53 tumor cell lines

p53 mutation

H2087 NSCLC 157 V/F 25 99 443 43103 24301
RXF393 RCC 175 R/H 30 31 593 5069 2878
OVCAR3 Ovarian cancer 248 R/Q 28 56 198 3515 781
BT549 Breast carcinoma 249 R/S 25 72 241 932 479
SNB75 Glioma 258 E/K 30 118 408 15001 8421
MDA-MB231 Breast carcinoma 280 R/K 28 124 4046 23483 12497

Abbreviations: A2, HLA-A2; CM, complete media; HCC, hepatocellular carcinoma; NSCLC, non-small-cell lung cancer; p53�264 deleted, the
p53 epitope encompassing amino acids 264 to 272 is not expressed in these cell lines; RCC, renal cell carcinoma; TCR, T cell receptor; UTD, un-
transduced.

aValues represent IFN-� (pg/ml) after overnight coculture. Specific recognition is indicated by boldface and designated as twice back-
ground (tumor cell and CM controls) and greater than 200 pg/ml.

bSF-539 is noted to contain wildtype p53 (O’Connor et al., 1997); however, a mutation occurring following the relevant p53264–272 epitope at
bp 1042 (detection C) resulting in a frameshift at codon 342 and subsequent stop codon, has been described in the COSMIC database
(Bamford et al, 2004).

Patient 2a



day 3 after stimulation in two patients and continued to in-
crease by day 4 for one patient (Fig. 5B), corresponding to
24 to 48 hr after the first retroviral TCR transduction in the
generation of p53:264 TCR-transduced T cells.

To further evaluate the recognition of p53 epitopes on ac-
tivated T cells, untransduced and TCR-transduced (p53:264
or a control gp100:154) T cell cultures were assessed for to-
tal expansion in (1) activated HLA-A2� PBLs, thus unable
to present the HLA-A2-restricted p53264–272 epitope, and (2)
HLA-A2� PBLs, capable of presenting the cognate peptide
to transduced T cells (Fig. 5C). The untransduced, control
gp100:154 TCR-transduced and p53:264 TCR-transduced
HLA-A2� PBL cultures expanded similarly within each pa-
tient PBL group; however, HLA-A2� PBLs transduced with
the p53:264 TCR did not expand to the same degree as the
untransduced or control TCR-transduced cultures. Impor-
tantly, similar transduction efficiencies were achieved with
the gp100:154 and p53:264 TCR vectors; these ranged be-
tween 45.2–60.2% and 53.3–63.3% versus 51.6–59.5% and
65.4–69.2% for the HLA-A2� and HLA-A2� PBL groups, re-
spectively. The equivalent expansion of HLA-A2� PBLs with
the control and p53:264 TCR vectors indicated that the
p53:264 TCR retroviral vector is not acting as a nonspecific
toxin to activated T cells. Diminished expansion limited to
HLA-A2� p53:264 TCR-transduced T cell cultures is sug-
gestive of antigen-specific recognition by the activated T
cells; however, similar to the results in Fig. 5A, specific lysis
or IFN-� release by p53:264 TCR-transduced T cells cultured
with stimulated HLA-A2� PBLs, tested from 0 to 6 days af-
ter activation, has not been detected (data not shown).

Sixteen additional normal cell populations, composed

mainly of fibroblast lines but also including an astrocyte line,
a renal epithelial line, and freshly isolated PBSCs, were cul-
tured with a p53:264 TCR-transduced T cell line shown in
Fig. 4 to evaluate the possibility of normal cell recognition
by self-specific T cells. Although the level of IFN-� produc-
tion was low for all normal cell populations (�500 pg/ml),
there was some degree of self-reactivity, specifically for
freshly isolated PBSCs.

Discussion

Unlike the significant correlation that exists for gp100 and
fibroblast growth factor-5 antigenic expression in melanoma
and renal cell tumors, respectively, and stimulation of cognate
effector T cells (Riker et al., 2000; Hanada et al., 2001), this study
indicates that there is no relationship between tumor cell over-
expression of p53 and recognition by T cells transduced with
a TCR conferring reactivity to an immunodominant epitope
within p53, p53264–272. This is in contrast to that previously
suggested using a limited number of cell lines (Theobald et
al., 1995, 1997; Gnjatic et al., 1998; Liu et al., 2000; Cohen et al.,
2005; Kuball et al., 2005; Tokunaga et al., 2005).

In the present study, to evaluate the relationship between
p53 expression and recognition by p53:264-specific T cells we
used an extensive panel of human tumors with known p53
gene sequences or sequenced the p53 gene directly, and de-
termined the level of p53 expression by Western blot and/or
flow cytometry. In three prior studies evaluating the murine-
derived p53:264-specific TCR and responses against human
tumors, of the multiple HLA-A2� tumors from various ori-
gins that were tested, an analysis of the level of p53 expres-
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FIG. 3. Linear regression analysis of p53 and HLA-A2 expression in various wild-type p53 and mutant p53 tumor cell
lines and corresponding recognition by p53:264 TCR-transduced T cells. p53:264 TCR-transduced T cells (1 � 105) were co-
cultured overnight with 1 � 105 HLA-A2� tumor cells from various cancer origins including breast, colon, lung, melanoma,
glioma, renal cell, ovarian, hepatocellular, and hematopoietic tumors. In the same experiment, immunocytofluorometric
analysis was performed to determine p53 and HLA-A2 expression levels as assessed by MFI (corrected for the background
MFI obtained with the isotype control; see Materials and Methods). Data plotted for patient 1 (IFN-� values are depicted
in Table 2), and the correlation between (A) p53 expression or (B) HLA-A2 expression and IFN-� production by p53:264
TCR-transduced cells is shown. Data are representative of four independent p53:264 TCR-transduced PBLs tested against
these tumors. Data for this analysis included only tumor cell lines that were HLA-A2� and did not contain mutations within
the p53 gene that are known to affect processing and presentation of the p53264–272 epitope.



sion and recognition by the cognate T cells was not described
(Theobald et al., 1995; Cohen et al., 2005; Kuball et al., 2005).
Tumors were noted only to be p53 positive or negative, and
this was based on either published accounts (Theobald et al.,
1995; Kuball et al., 2005) or immunocytofluorometric analy-
sis (Cohen et al., 2005) of the tumors tested. In addition, the
evidence that p53 expression was requisite for recognition
was based on a combined total of five individual HLA-
A2�p53� tumor cell lines that did not significantly stimulate
p53-specific T cells measured by ELISpot, 51Cr lysis, and/or
cytokine release. Tumor line SaOS2 (Theobald et al., 1995),
tumor cell lines SaOS2 and K562 (Kuball et al., 2005), and tu-
mor cell lines SaOS2, TC71, SKNAS/A2, and H2228 (Cohen

et al., 2005) were used in the studies. Importantly, not all p53-
negative cell lines were known to contain deletions of the
p53264–272 epitope (e.g., SKNAS/A2, TC71, and H2228). In
contrast to the results reported for these five HLA-A2�p53�

cell lines, we observed five melanoma cell lines that could
be considered p53 negative as assessed by flow cytometry
(Fig. 1) that stimulated p53:264 TCR-transduced T cells to
specifically produce IFN-�, and two of these lines stimulated
cognate T cells to produce the highest levels of this cytokine.
Accordingly, analyses to investigate a relationship between
p53 expression levels in tumors and anti-p53 T cell produc-
tion of IFN-� for melanoma (Fig. 2) or a diverse panel of hu-
man tumors (Fig. 3A) revealed no statistically significant cor-
relation. This finding was consistent when using both a p53
TCR-transduced T cell line or bulk p53:264 TCR-transduced
cultures. Indeed, there are isolated reports of anti-p53 T cell
recognition of p53-negative tumors in a murine model of
HPV-induced p53 degradation (Vierboom et al., 2000) and in
humans (Röpke et al., 1996; Sirianni et al., 2004). Although
extensive cytotoxicity studies were not performed, we pre-
viously published 51Cr lysis results from several tumor cell
lines including SaOS2, MDA-231, H2087, and BE3 (Cohen et
al., 2005) and on examination of intracellular p53 expression
by immunocytofluorometric analysis there was no clear re-
lationship to cell lysis (data not shown).

In the absence of a correlation between p53 overexpres-
sion and recognition by self-specific, anti-p53 T cells, the
premise that the immune system can discriminate malignant
from normal cells on the basis of increased antigen expres-
sion in the former is questionable. If accurate, the biology of
p53 may not lend support to the concept that p53 is a suit-
able tumor antigen for immunotherapy. Tight regulation of
p53 protein levels in normal tissues occurs because of
MDM2-mediated ubiquitination and proteolysis leading to
a half-life of several minutes; this compared with the half-
life of 2 to 24 hr commonly seen in tumors with mutated p53.
Interestingly, with the exception of spleen, mRNA levels
have been reported to be lower in normal tissues compared
with a variety of tumor targets (Rogel et al., 1985; Calabretta
et al., 1986) but in a steady state p53 mRNA levels are be-
lieved to be equivalent in benign and malignant cell popu-
lations when normalized to the degree of cell proliferation
(Calabretta et al., 1986; Matlashewski et al., 1986). Thus, be-
nign tissues with a high growth fraction may serve as tar-
gets for anti-p53 T cells. Indeed, the studies herein do indi-
cate that cultured normal cells are targets for p53:264
TCR-transduced cells in several cases, especially monocyte-
derived dendritic cells (Fig. 5A). This is in contrast to results
using similar dendritic cell populations and anti-p53 effec-
tors containing the same specificity (Theobald et al., 1995).
Autologous PBSCs were recognized by p53:264 TCR-trans-
duced T cells in two of three patients tested. It is unclear
whether this is an artifact of the liquid nitrogen freeze–thaw
process, but similarly mobilized and CD34� cell-enriched
PBSCs from four other patients tested fresh were relatively
ignored (Fig. 4). Other normal cell populations that did not
stimulate p53-specific T cells included multiple fibroblast
lines, an astrocyte line, and a renal epithelial line (Fig. 4).
This may not be the case for OKT3-stimulated lymphocytes
that upregulate p53 expression by 48 hr after stimulation
(Fig. 5B). In multiple patients tested, p53:264 TCR-trans-
duced PBLs from HLA-A2� patients did not expand to the
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FIG. 4. Specificity of p53:264 TCR-transduced T cells for tu-
mor and normal cells. Tumor or normal cells (1 � 105) were
cultured overnight with 1 � 105 p53:264 TCR-transduced T
cells, and supernatants were collected and analyzed for IFN-
� by ELISA. Tumor and normal cell populations are sepa-
rated by the divided line. Tumor cell lines included HLA-
A2� (888, 938, A549, HCC-2998, HOP-92, IGR-OV1, KM12,
and OVCAR-8), HLA-A2�, p53264–272 epitope-disrupted
(BIC-1, HCT-15, NCI-H522, OVCAR 5, Saos-2, SW 620, TC71,
SNB-19, and U251), and HLA-A2� tumor lines with an in-
tact p53264–272 epitope containing either mutant p53 (BT549,
OVCAR 3, RXF-393, Saos2/143, SNB-75, 526, H2087, MDA
231, and 1861) or wild-type p53 (A375, A498, HCT-116,
HepG2, MALME-3M, MCF-7, SF 539, SK-MEL-5, 1890, 1994,
2081, 2207, UACC 257, and UACC 62). Normal cell lines in-
cluded fibroblasts, a renal epithelial line, and an astrocyte
line. Peripheral blood stem cells (PBSCs) were obtained
freshly from patients after CD34� cell selection and tested
immediately. These data are compiled from 21 experiments
using the same p53:264 TCR-transduced effector T cell line,
GLp53TCR, that had been previously expanded and cryop-
reserved, and the average IFN-� value is reported for targets
that were tested in multiple experiments (range, 2 to 18 in-
dividual experiments). Recognition of targets tested in one
experiment (e.g., PBSCs) was validated with an additional
p53:264 TCR-transduced T cell line.



same degree as TCR vector or untransduced controls, a stark
difference between the equivalent expansion of p53:264 TCR-
transduced PBLs with untransduced or gp100:154 TCR-
transduced vector from HLA-A2� patients. Although
p53:264-transduced T cells did not secrete specific IFN-� in
response to OKT3-activated lymphocytes (Fig. 5A), the di-
minished T cell expansion in p53:264-transduced PBLs was
MHC restricted, suggesting that transduced T cell recogni-
tion of the p53264–272 epitope occurred in activated lympho-
cytes. One explanation may be that p53:264 TCR-transduced

T cells commit T cell fratricide, but the mechanism has not
yet been delineated.

The normal cell populations that were recognized in our
studies were highly manipulated populations such as PBMC-
derived DCs, G-CSF-mobilized and cryopreserved CD34�

PBSCs, and retrovirally transduced T cells; and in vivo these
normal cell populations presenting a relevant peptide–MHC
complex may be ignored by the immune system. Studies by
Vierboom and coworkers are reassuring in that an effective
antitumor CTL response can be orchestrated against p53
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FIG. 5. Autologous p53:264 TCR-transduced T cell recognition of normal cell populations. (A) PBLs from three patients
were transduced with the p53:264 TCR or a control melanoma-specific gp100:154 TCR similarly derived from HLA-A2.1
transgenic mice and expanded for 8 days in vitro. Autologous targets from these three patients included peripheral blood
stem cells (PBSCs) that had been previously cryopreserved, activated PBLs (aPBLs) previously stimulated with OKT3 and
IL-2 for 4 days, or dendritic cells (DCs) generated from plastic-adherent purified PBMCs cultured for 4 days in GM-CSF
and IL-4. Transduced T cells (1 � 105) were cultured overnight with 1 � 105 tumor and normal target cells, IFN-� was as-
sessed by ELISA. SaOS2 (HLA-A2�p53�), H2087 (HLA-A2�p53�), and MDA-231 (HLA-A2�p53�) cell lines, and HLA-A2�

melanoma line 2218, were used as tumor controls. The stimulation index represents the ratio of IFN-� production by p53:264
TCR-transduced T cells to the control melanoma-specific T cells. A ratio less than 1 represents a cell line that stimulated T
cells transduced with gp100:154 TCR to produce more IFN-� compared with p53:264 TCR-transduced T cells. (B) PBLs from
three donors were left unstimulated or stimulated with OKT3 and individual cultures were cryopreserved on the indicated
days. Intracellular flow cytometry was performed in the same assay on all thawed samples to assess the percentage of p53-
positive cells (anti-p53 mAb, DO7 clone) gated on CD3� cells. (C) Donor PBLs from three HLA-A2� (patients 1–3) and three
HLA-A2� (Non-A2, patients 4–6) were stimulated and left untransduced (top) or transduced with a murine-derived con-
trol melanoma-specific, gp100:154 TCR (middle) or p53:264 TCR (bottom) as described in Materials and Methods. Seven days
after initial stimulation, the fold expansion of individual cultures was determined and is shown for HLA-A2� donor PBLs
(left) and HLA-A2� PBLs (right).



without consequent autoimmunity in mouse models that in-
vestigated the adoptive transfer of a high-affinity T cell line
from p53 knockout mice into C57BL/6 mice bearing tumors
that overexpress p53 (Vierboom et al., 1997). In these exper-
iments, mice were cured of subcutaneous tumors without
histologic evidence of damage to normal tissues including
skin, lung, liver, and small intestine. Less conclusive evi-
dence exists in humans. Vaccine studies that administered a
p53-directed immunogen successfully generated anti-p53
CTLs without inducing autoimmunity (van der Burg et al.,
2002; Svane et al., 2004, 2007).

These studies have important implications concerning the
suitability of targeting the ubiquitous p53 self-antigen with
immune-based therapies for the treatment of cancer. Our
studies of human tumor cell lines in melanoma and many
other cancer origins demonstrate there is no relationship be-
tween antibody-based measurement of tumor cell p53 levels
and the ability to be recognized by cognate T cells. However,
in addition to direct p53 mutations, multiple other mecha-
nisms have been reported that result in functional p53 inhi-
bition in tumors, for example, methylation or mutation of
transcriptional regulatory genes such as HOXA5 have been
reported in breast cancer resulting in low p53 expression (Ra-
man et al., 2000). At a minimum, immunohistochemical
demonstration of p53 overexpression would appropriately
exclude such patients. However, tumors also disrupt p53
function through processes that enhance p53 proteasomal
degradation and that presumptively lead to enhanced pre-
sentation of p53 epitope–MHC complexes on the surface of
tumor cells, such as MDM2 amplification and overexpres-
sion or HPV infection with enhanced p53 degradation
(Scheffner et al., 1993; Kubbutat et al., 1997).

To determine the quantity of an epitope presented on the
surface of tumor cells, antibodies with TCR-like specificity
for the p53264–272 peptide/HLA-A2 complex could be gen-
erated by technology such as phage display, but none cur-
rently exist for this antigen (Denkberg and Reiter, 2006). Al-
ternatively, Zhu and coworkers used p53264–272-reactive
single-chain TCRs complexed to horseradish peroxidase and
reported the ability to measure p53264–272-specific epitope
complexes on the surface of colorectal and breast tumors
from paraffin-embedded, formalin-fixed tissue microarrays
(Zhu et al., 2006). We used this technology for tumor speci-
mens from HLA-A2 and non-HLA-A2 melanoma patients,
but preliminary data did not indicate the level of discrimi-
nation necessary to use for the selection of candidate pa-
tients. In situ identification of peptide–MHC epitopes for
melanoma differentiation antigens has been described
(Denkberg et al., 2003) and we plan to pursue similar reagents
to enhance patient screening as we advance clinical trials
with adoptively transferred p53:264 TCR in cancer patients.

Patients being considered for T cell-based immunotherapy
targeting wild-type p53 epitopes should undergo p53 gene
sequencing of their tumors to exclude those patients with
mutations within the epitope or mutations that negatively
impact the processing and presentation of the relevant epi-
tope such as nonsense mutations or, in our case, the argi-
nine-to-histidine change at position 273 (Theobald et al.,
1998). Because of the previously mentioned limitations of pa-
tient selection by p53 immunohistochemistry, new screening
techniques are necessary to identify appropriate candidates,

with desirable candidates presenting high amounts of the
relevant peptide–MHC on the tumor surface. Although at
first glance, p53 would appear to be an optimal tumor-asso-
ciated antigen because of its critical role in regulating life and
death of the cell, the disconnect between antigen expression
in tumors and reactivity with p53-specific T cells, in addi-
tion to the recognition of normal cell populations illustrated
in this study, casts doubt on whether its touted potential as
a widely applicable target of tumor-specific immunotherapy
will be realized.
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