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Abstract The tumour-suppressor gene p53 is pivotal in
the regulation of apoptosis, and point mutations within
p53 are the commonest genetic alterations in human
cancers. Cytotoxic T lymphocytes (CTL) recognise
peptide-MHC complexes on the surface of tumour cells
and bring about lysis. Therefore, p53-derived peptides
are potential candidates for immunisation strategies
designed to induce antitumour CTL in patients. Con-
formational changes in the p53 protein, generated as a
result of point mutations, frequently expose the 240
epitope, RHSVV (amino acids 212-217), which may be
processed differently from the wild-type protein resulting
in an altered MHC-associated peptide repertoire re-
cognised by tumour-specific CTL. In this study 42 pep-
tides (37 overlapping nonameric peptides, from amino
acids 193-237 and peptides 186-194, 187-197, 188-197,
263-272, 264-272, possessing binding motifs for HLA-
A2) derived from the wild-type p53 protein sequence
were assayed for their ability to stabilise HLA-A2
molecules in MHC class I stabilisation assays. Of the
peptides tested, 24 stabilised HLA-A2 molecules with
high affinity (fluorescence ratio >1.5) at 26 °C, and five
(187-197, 193-200, 217-224, 263-272 and 264-272) also
stabilised the complexes at 37 °C. Peptides 188-197,
196-203 and 217-225 have not previously been identified
as binders of HLA-A2 molecules and, of these, peptide
217-225 stabilised HLA-A2 molecules with the highest
fluorescence ratio. Peptide 217-225 was chosen to gen-
erate HLA-A2-restricted CTL in vitro; peptide 264272
was used as a positive control. The two primary CTL
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thus generated (CTL-217 using peptide 217-225; and
CTL-264 using peptide 264-272) were capable of speci-
fically killing peptide-pulsed T2 or JY cells. In order to
determine whether these peptides were endogenously
processed and to test the hypothesis that mutants ex-
pressing different protein conformations would generate
an alternative peptide repertoire at the cell surface, a
panel of target cells was generated. HLA-A2" SaOs-2
cells were transfected with p53 cDNA containing point
mutations at either position 175 (R — H) or 273
(R = H) (Sa0Os-2/175 and Sa0s-2/273). Two HLA-A2-
negative cell lines, A431 and SKBr3, naturally expres-
sing p53 mutations at positions 273 and 175 respectively,
were transfected with a cDNA encoding HLA-A2. The
results showed that primary CTL generated in response
to both peptides were capable of killing SaOs-2/175 and
SKBr3-A2 cells, which possess the same mutation, but
not Sa0s-2/273, A431-A2 or SKBr3 cells transfected
with control vector. This suggests that these peptides are
presented on the surface of SaOs-2/175 and SKBr3-A2
cells in a conformation-dependent manner and represent
potentially useful target peptides for immunotherapy.

Key words p53 - Conformational mutants -
CTL - HLA-A2 peptides - Dendritic cells

Introduction

Cancer cells arise from the inappropriate activation or
deactivation of genes involved directly or indirectly in
the control of cellular growth, differentiation and cell
death [15, 38, 16] resulting in uncontrolled cell pro-
liferation. Viral proteins and tumour antigens are nor-
mally processed via the 26s proteasome. The resulting
peptides are then presented on the surface of malignant
cells in association with MHC class I molecules for re-
cognition by cytotoxic T lymphocytes (CTL). Following
the pioneering work of Boon and co-workers, definitive
evidence for tumour-specific or associated antigens was
obtained [4] and a number of tumour antigens capable
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of eliciting CTL responses were identified. These in-
cluded melanoma differentiation antigens [4], mutant ras
[25], Epstein Barr virus [31], human papilloma virus [30],
HER-2/neu [40], mucin [14], and p53 [24].

Of particular interest is the p53 tumour-suppressor
gene, which is mutated in 50-60% of human cancers [11].
Genes containing missense mutations often result in the
stabilisation and accumulation of the inactivated protein
within the cancer cell. CTL generated to self-peptides can,
in some circumstances, undergo clonal expansion and
mediate cytolysis upon recognition of appropriate peptide
MHC class I complexes. Indeed, it has been shown that
mutant p53 protein overexpression results in the proces-
sing and presentation of p53 peptides by MHC class 1
molecules on the surface of tumour cells [28]. This re-
presents a “break of immune tolerance” against wild-type
p53 peptides sequences. CTL responses against tumours
bearing a mutant p53 protein have been obtained fol-
lowing either vaccination in vivo using murine models [39,
19, 17] or stimulation of peripheral blood mononuclear
cells (PBMC) from healthy human donors in vitro using
synthetic peptides [24, 28, 9].

“Hotspot” mutations of the p53 gene have been
classified into two categories: (i) those which induce a
conformational change in p53 protein to a mutant
conformation, for example a point mutation at amino
acid 175, and (ii) those which retain the wild-type con-
formation, for example a point mutation at position 273
[21, 22]. Conformational changes in the p53 protein are
frequently recognised by the mAb PAb240, owing to un-
folding of the protein and exposure of the 240 epitope,
RHSVV (residues 212-217). It is, therefore, possible that
some peptides could be derived from conformational
mutants instead of from the wild-type protein. If these
peptides are endogenously processed and presented at the
cell surface of tumour cells, they could be used as targets
for CTL tumour-specific immunotherapy.

In the present study overlapping peptides from the
wild-type p53 protein were synthesised and assessed for
binding to HLA-A2 molecules in an MHC stabilisation
assay. We identified a new p53 peptide that bound HLA-
A2 antigen with high affinity (peptide 217-225) and
could induce primary CTL from healthy donors, capable
of killing either targets pulsed with the 217-225 peptide
or tumour cells overexpressing mutant p53 protein. Our
results also indicate that mutations affecting the p53
protein conformation (175-like mutants) were more
susceptible to CTL-mediated lysis than cells expressing a
p53 mutation that does not result in a conformational
change in the protein (273-like mutants), suggesting that
p53 antigen processing, and hence the peptide repertoire,
might be conformation-dependent.

Materials and methods

Peptides

Peptides were synthesised by Alta Bioscience, UK, and shown to
be at least 80% pure by HPLC and mass spectrometry. These

peptides consisted of three groups: 37 overlapping nonameric
peptides derived from the 240 region of the wild-type p53 pro-
tein, amino acids 193-237; 5 peptides, nine or ten amino acids
in length, situated close to this region, which possessed binding
motifs for HLA-A2: 186-194, 187-197, 188-197, 263-272 and
264-272; and a control peptide, derived from the matrix protein
of influenza virus, previously shown to bind to HLA-A2mole-
cules with high affinity (M58-66) [8], which was used as a
positive control. Peptides were dissolved in dimethylsulfoxide
(DMSO) and stored in small aliquots at —20 °C until required.

Antibodies

The mAb HB-82, which recognises HLA-A2 and HLA-B7 alleles,
was obtained as supernatant (a gift from Dr. J. Bartholomew,
Cancer Research Campaign Paterson Institute, Manchester, UK).
The mAb DO-7, which recognises both wild-type and mutant p53
protein, and the corresponding isotype control were purchased
from Dako, UK. Fluroscein-isothiocyanate (FITC)-conjugated
goat anti-(mouse Ig) antibody, used as a top layer for flow
cytometry, was purchased from TCS, UK.

MAZ2.1 is a mAbD specific for HLA-A2 and HLA-B17 molecules,
and incubation of T2 cells with this antibody enables HLA-A2 to
bind peptide at the cell surface more efficiently [3]. The hybridoma
cell line producing this antibody was purchased from the ATCC.

Cytokines

Recombinant human (rh) interferon y (IFNy) was a gift from NCI
Biogen, UK; rh tumor necrosis factor o (TNFa) was a gift from
Strangeways Laboratories (Cambridge, UK); rh interleukin-2 (IL-
2) was a gift from Glaxo Pharmaceuticals (Geneva, Switzerland);
rhIL-7 and rhIL-4 were purchased from Peprotech (London,
UK) and (rh) granulocyte/macrophage-colony-stimulating factor
(GM-CSF) from Roche (Lewes, UK).

Cell lines

The 174CEM.T2 (T2) cell line is a lymphoblastoid cell line defective
in antigen processing (TAP-1 mutation) [5]. T2 cells and JY cells, a
lymphoblastoid cell line (HLA-A2"), were a gift from Dr. J. Bar-
tholomew (Paterson Institute, Manchester, UK). K562 is an ery-
throleukaemia cell line that is HLA-class-I-negative and sensitive to
natural-killer (NK)-cell-mediated lysis (a gift from ICRF, London,
UK). T2, K562 and JY cell lines were cultured in RPMI-1640
medium supplemented with 10% fetal calf serum (FCS). Rosi, an
HLA-A1"/HLA-A2" lymphoblastoid cell line was obtained from
the Ludwig Institute (Brussels, Belgium) and cultured in Iscove’s
modified Dulbecco’s medium supplemented with 10% FCS.
The SaOs-2 cell line is an HLA-A2 " osteosarcoma cell line in which
the p53 alleles are deleted [10]. SaOs-2 cells were obtained from the
Department of Human Metabolism and Clinical Biochemistry,
Sheffield, UK, and cultured in Dulbecco’s modified Eagle’s medium
(DMEM) supplemented with 10% FCS. The A431 breast carci-
noma cell line (HLA-A2"), bearing a point mutation in the p53
gene within the codon for amino acid 273, was purchased from
ECACC and cultured in MEM supplemented with 10% FCS and
8 mg/ml insulin. The SKBr3 cell line (genetically HLA-A2" but
phenotypically HLA-A2") is a breast carcinoma cell line bearing a
point mutation in the p53 gene within the codon for amino acid
175, and was purchased from ATCC and cultured in McCoy’s SA
medium (Gibco) supplemented with 10% FCS.

cDNAs

Full-length cDNA for p53 mutated at either amino acid position
175 (R — H) or 273 (R — H), subcloned into a pBR322-derived
plasmid and under the control of the human cyclomegalovirus
promoter, were gifts from Professor T. Soussi (Marie-Curie, Paris,



France). The HLA-A2 cDNA subcloned into pcDNA3 (Invitro-
gen) was a gift from Dr. P.F. Robbins, NIH, USA.

Isolation of peripheral blood mononuclear cells (PBMC)

The collection of blood for this study was approved by South
Sheffield Research Ethics Committee. Venous blood from healthy
volunteers, was added to heparin and PBMC were isolated by
standard gradient centrifugation on J Prep.

MHC stabilisation assay

Peptides were tested for their ability to stabilise HLA-A2 molecules
on the surface of T2 cells in a MHC class I stabilisation assay, at
26 °C and 37 °C, as previously described [20]. Briefly 40 pl T2 cells
(4 x 10° cells/ml) was incubated with 10 pl relevant peptide for at
least 18 h at 26 °C and 37 °C. The influenza matrix peptide, M58—
66, was used as a positive control and the background expression of
the HLA-A2 molecule determined using DMSO as a negative
control. Each peptide was tested on at least three separate occa-
sions at a final concentration of 100, 10 and 1 uM. Peptides bound
to the surface of the T2 cells were determined by indirect im-
mnuofluorescence using HB-82 as primary antibody and an FITC-
conjugated goat anti-(mouse Ig) as the top layer. The fluorescence
ratio (FR) for each peptide was calculated by comparing the
median channel of fluorescence of the experimental sample with
that of the DMSO (negative) control. Peptides were considered to
stabilise HLA-A2 molecules with high affinity if the FR was greater
than or equal to 1.5 and low affinity if the FR was above 1.1 and
less than 1.49 at a peptide concentration of 100 uM.

Transfection with p53 cDNA

Sa0s-2 cells were seeded in a six-well plate at 0.5 x 10/well and
cultured for 15 h at 37 °C. The cells were gently rinsed with serum-
free growth medium and then overlaid with 200 pl/well transfection
mix. The transfection mix consisted of serum-free growth medium
containing 2 pg p53 plasmid DNA, purified on Qiagen Maxi-prep,
and 1.66 ml Lipofectamin (Life Technologies, UK) previously in-
cubated for 45 min at room temperature. Following incubation at
37 °C, in 5% CO; in air for 2 h, the transfection mix was replaced
with 1 ml/well DMEM + 10% FCS. The plate was then incubated
at 37 °C, for 15 h, at which time the medium was replaced with
2 ml DMEM + 10% FCS. After a further 72 h culture, cells were
subcultured (1:20) into selective medium containing Geneticin (Life
Technologies, Paisley, UK) at 0.5 mg/ml. Proliferating colonies
were subsequently cloned and p53 protein expression was de-
termined, after fixation and permeabilisation of the cells, by in-
direct staining with DO-7 antibody followed by FITC-labelled IgG,
and analysed in a flow cytometer.

Transfection with HLA-A2 cDNA

Two cell lines bearing “‘naturally” mutated p53 genes, changing an
amino acid at either position 175 (SKBr3) or position 273 (A431),
were used for comparison. Since these cells do not express HLA-A2
molecules at their surface they were transfected with HLA-A2
cDNA subcloned into pcDNA3 (pcDNA3-HLA-A2). Linearised
pcDNA3-HLA-A2 (4 pg) was mixed with 2 x 10° cells in a total
volume of 0.4 ml complete growth medium, placed in an electro-
poration cuvette (Equibio Ltd., UK) and electroporated at 280 V
(SKBr3) and 260 V (A431) and a capacitance of 960 mF. After 24—
48 h, cells were stained for HLA-A2 molecule expression using
mAb HB-82. Cells expressing high levels of HLA-A2 were sorted,
in a Vantage FACSsort cytometer (Becton Dickinson). Sorted cells
were then cultured in the presence of geneticin (0.3 mg/ml for
SKBr3 and 0.2 mg/ml for A431). HLA-A2 molecule expression
was subsequently determined using the HB-82 mAb, followed by
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FITC-conjugated goat anti-(mouse IgG), and the fluorescence
intensity measured by flow cytometry.

Effect of cytokine treatment on transfected cells

In order to determine the effect of cytokine treatment on expression
of HLA-A2 molecules, transfected cells were treated with 200 U/ml
rhIFNy and 1000 U/ml rhTNFa for 24 h and expression levels
were assessed by flow cytometry. Previous work in our laboratory
had demonstrated that these concentrations of cytokines were
optimal for increasing HLA-A2 molecule expression.

Generation of CTL
Generation of dendritic cells

Dendritic cells were first generated by culturing adherent PBMC with
GM-CSF (1000 U/ml) and IL-4 (500 U/ml) for 7 days followed by 3
days of culture with TNFa. The cells generated did not express T cell
(CD3) or B cell (CD19) markers, but did express high levels of CD1a
molecules, MHC class I and class II antigens and the co-stimulatory
molecule CD86 (data not shown). They expressed low levels of CD14
molecules, and were capable of stimulating allogeneic PBMC in
mixed lymphocyte reaction (MLR) assay (data not shown). Mature
dendritic cells were pulsed with relevant peptide before addition of
CD8 " -enriched T cells.

CDS8™ -enriched T cells and CTL generation

Non-adherent cells, stored as frozen stock from day 1, were thawed,
washed, counted and depleted of CD4 ™" cells using anti-CD4 Dy-
nabeads (Dynal). Samples containing 2 x 10° of these effector cells
were then co-cultured with 2 x 10° peptide-pulsed dendritic cells
(dendritic cells were incubated with 50 pg peptide and f,-micro-
globulin for 2 hat 37 °C, in 2 ml of RPMI-1640 containing 5% heat-
inactivated autologous plasma) together with 10 U/ml rhIL-2 and
10 ng/ml rhIL-7. Effector cells were restimulated every 7 days with a
mixture of peptide-pulsed and mitomycin-C-treated (8 pg/mlfor2 h
followed by extensive washing) autologous PBMC, allogeneic HLA-
A2" PBMC, and Rosi cells (unpulsed and used as feeder cells) at a
ratio of 1:10 (antigen-presenting cells: effectors). On day 28, CTL
were tested for their cytolytic activity as outlined below.

Cytotoxicity assay

The cytolytic activity of the CTL cultures generated were assessed in
a standard 4-h *'Cr-release assay. Briefly, 10° tumour targets were
labelled with 3.7 MBq*'Crfor 1 hin the presence (JY and T2 targets)
or absence (transfected targets) of MA2.1 supernatant. Targets were
incubated for an additional 1 h in the presence or absence of 10 pg/
ml synthetic peptide, 217-225 or 264-272 as a}s)propriate. Varying
numbers of effector cells were added to 2 x 10” target cells, in tri-
plicate, in the presence of a forty fold excess of unlabelled K562 cells
to block non-specific lysis, in a final volume of 200 pl in a microtitre
plate. Maximum lysis was determined in 1% sodium dodecyl sulfate
and spontaneous release did not exceed 20% of the maximum. After
a 4-h incubation, 50 pl supernatant was harvested onto a Lumaplate
and ®'Cr release determined using a Topcount (Canberra Packard,
UK). The percentage cytotoxicity was determined using the formula:
Cytotoxicity (%) = [(test >'Cr release — spontaneous release)/
(maximum °'Cr release — spontaneous release)] x 100.

Results
p53 peptides binding to HLA-A2 molecules

In order to determine whether peptides could bind to
HLA-A2 molecules an MHC class I stabilisation assay
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was performed at 37 °C and 26 °C. When tested at 37 °C,
five peptides (peptides 187, 193, 217, 263, and 264) were
shown to stabilise HLA-A2 molecules with high affinity at
100 uM (data not shown). In the light of previous work
[20] demonstrating that a difference in HLA-A3 stabili-
sation could occur at 37 °C and 26 °C, p53 peptide sta-
bilisation assays were also conducted at 26 °C. The results
are shown in Fig. 1. Out of 24 peptides tested, 7 stabilised
HLA-A2 molecules with high affinity (FR > 1.5) and 8
with low affinity (1.1 < FR < 1.5) when tested at 26 °C.

Three peptides, 188-197, 193-201 and 217-225, were
shown to stabilise HLA-A2 molecules consistently in
this assay, with peptide 217-225 possessing the highest
FR score. This peptide has not previously been studied
and was therefore chosen, along with peptide 264-272
(known to be capable of generating CTL in vitro) [28, 9],
to generate CTL in vitro.

Fig. 1 Stabilisation of HLA-A2 by p53-derived peptides. Peptides
were tested for their ability to stabilise HLA-A2 at 26 °C in an
MHC class I stabilisation assay. T2 cells were incubated overnight
in the presence of each peptide and stained for the presence of
stabilised surface HLA-A2 molecules by dual-layer monoclonal
antibody staining. The fluorescence ratio (FR) was determined by
comparing the median channel of fluorescence of samples in the
presence of peptide with that in the presence of dimethylsulfoxide
(negative control). Peptides with FR < 1.1 were considered unable
to stabilise HLA-A2, peptides with 1.49 > FR > 1.11 and
FR < 1.49 were considered to stabilise HLA-A2 with low affinity
and peptides with FR > 1.5 were considered to have high affinity
[25]

Induction of peptide-specific CTL

In order to determine whether the 217-225 encoded
peptide could elicit CTL capable of recognising targets
expressing mutant p53, co-cultures of peptide-pulsed
stimulators and autologous lymphocytes were estab-
lished in vitro. CTL-217 was generated using the 217—
225 peptide and CTL-264 was generated using the 264—
272 peptide. Cytotoxicity assays were performed after
three successive stimulations, as shown in Fig. 2 (results
representative of three experiments). Pre-treatment of
T2 cells with the MA2.1 antibody was shown to increase
the level of killing (data not shown) and was therefore
used to pre-treat T2 cells routinely prior to the assay for
cytotoxicity. T2 cells pulsed with peptide 217-225 or
264-272 were specifically killed by CTL-217 (Fig. 2A)
and CTL-264 (Fig. 2B) respectively. Similarly, only JY
cells pulsed with the relevant peptide were lysed by these
primary CTL (data not shown), whereas cells expressing
wild-type p53 (T2 and JY cells) were not killed.

Transfection and characterisation of target cells

SaOs-2 cells (HLA-A2-positive) were transfected with
p53 cDNA mutated at position 273 (SaOs-2/273) or 175
(Sa0s-2/175), and stable, high-expression clones were
selected (Table 1). As shown, only the SaOs-2 cells
transfected with the mutated p53 cDNA expressed p53
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Fig. 2A, B Cytotoxicity of primary CTL CTL-217 and CTL-264
against T2 cells. Primary cytotoxic T lymphocytes (CTL) were
generated following initial stimulation of peripheral blood mono-
nuclear cells (PBMC) with peptide-pulsed autologous dendritic
cells and two subsequent rounds of restimulation with peptide-
pulsed mixtures of autologous PBMC, HLA-A2" allogeneic
PBMC and Rosi cells. Cytotoxicity of effector CTL was determined
by the percentage release of >'Cr from >'Cr-labelled T2 target cells
pulsed with the appropriate peptides. A Cytotoxicity of CTL-217
against T2 cells pulsed with 217-225 peptide (white bars) or
irrelevant peptide (black bars); B cytotoxicity of CTL-264 against
T2 cells pulsed with 264-272 peptide (white bars) or irrelevant
peptide (black bars)

Table 1 Expression of p53 protein in cells used as targets for lysis
mediated by cytotoxic T lymphocytes. Figures in parentheses re-
present the mean fluorescence ratio of the cells after cytokine
treatment. Cells were fixed in 1% paraformaldehyde, permeabilised
in 70% methanol, labelled with either anti-p53 antibody DO-7 or
the appropriate isotype control antibody for 30 min, washed and
subsequently labelled with fluorescein-isothiocyanate-conjugated
goat anti-(mouse IgG) for 30 min. Labelled cells were analysed by
flow cytometry

Median channel fluorescence intensity Cell line
Isotype control antibody = DO-7 antibody
22.45 (21.16) 112.39 (99.006) A431/A2

9.02 (9.21) 50.95 (72.26) A431/vector
17.06 (19.08) 79.44 (95.9) SKBR3/A2
18.51 (13.47) 124.75 (118.34) SKBR3/vector
19.59 (19.85) 1319.33 (2070.72) Sa0s-2/175
18.83 (17.39) 473.02 (706.39) Sa0s-2/273

12.49 (12.58) 48.13 (47.83) SaOs-2/vector

protein to high levels. A431 and SKBr3 cells (naturally
expressing mutant p53) were stably transfected with
HLA-A2 ¢cDNA (A431-A2 and SKBr3-A2 respectively)
and lines expressing high levels of cell-surface HLA-A2
molecules selected for (Fig. 3). Following cytokine
treatment, with thIFNy and thTNFa« for 24 h, expres-
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Fig. 3A—G Cell-surface HLA-A2 expression on transfected cells.
Cells labelled with HB-82 antibody were subsequently incubated
with fluorescein-isothiocyanate-conjugated goat anti-(mouse I1gG)
and analysed by flow cytometry. Cells were either untreated (shaded
profile) or treated for 24 h with 200 U/ml recombinant human
interferon y (rhIFNy) and 1000 U/ml recombinant human tumour
necrosis factor o (TNFa) (open profile). A A431-A2; B A431 cells
transfected with HLA-A2 vector control; C SkBr3-A2; D SKBr3
cells transfected with HLA-A2 vector control; E SaOs-2/175; F
Sa0s-2/273; G SaOs-2 transfected with p53 vector control

sion of the HLA-A2 molecule was up-regulated in all cell
lines containing transfected HLA-A2 cDNA or the en-
dogenous gene, and tumour cells used as targets in CTL
assays were therefore pre-treated with these cytokines.
In addition all target cells were shown to be sensitive
to killing by rhIL-2-treated PBMC, but were relatively
resistant to spontaneous NK activity (data not shown).

Recognition of tumour targets expressing
mutant p53 protein

Primary CTL generated to peptide 217-225 and peptide
264-272 were assessed on three separate occasions for
lytic activity against tumour targets expressing mutant
p53. Both CTL-217 and CTL-264 could lyse SaOs-2/175
but not SaOs-2 cells transfected with control vector
(Fig. 4). In contrast, SaOs-2/273 was only recognised by
CTL generated to the 217-225 peptide from one out of
three donors (Fig. 4C) and was not killed by CTL gen-
erated with the 264272 peptide. These results show that
both peptides 217-225 and 264-272 were naturally (en-
dogenously) processed and presented on the surface of
the SaOs-2/175 cells. While rthIFNy and rthTNFa were
used to maximise the HLA-A2 antigen expression on the
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Fig. 4A-F Sensitivity of SaOs-2
transfectants to lysis by CTL-

CTL-217

CTL-264

217 and CTL-264. SaOs-2 cells

were transfected with p53
cDNA mutated at amino acid
position 175 (R — H) or 273
(R — H) to generate SaOs-2/
175 and SaOs-2/273 transfec-
tants respectively. Sensitivity of
the transfectants to lysis
mediated by CTL-217 (A, B and
C) and CTL-264 (D, E and F)
was assessed by determining the
E)ercentage release of 3'Cr from

ICr-labelled targets. Target
cells are Sa0s-2/273 (hatched
bars), SaOs-2/175 (black bars)

and SaOs-2 cells transfected 2
with control vector (white bars). 5
Three donors were used in these "}
experiments: donor 1 (A, D); g
donor 2 (B, E) and donor 3 2
(C, F) @)
g
3
E 100 50 125
25
20 C
15
10
5]
ol
100 50 125

surface of target cells, untreated, transfected SaOs-2 cells
were also susceptible to killing by these CTL (data not
shown).

Transfected cell lines A431-A2 and SKBr3-A2,
when pulsed with either the 217-225 or the 264-272
peptide, were killed by CTL-217 (Fig. SA, B) and
CTL-264 (Fig. 5C, D) respectively, demonstrating the
functionality of the transfected HLA-A2 gene. SKBr3-
A2 cells, but not A431-A2 cells nor SKBr3 (not pulsed
with peptide) were lysed by both 217 and 264 primary
CTL (Fig. 5). These results indicate that peptides
217-225 and 264-278 are naturally processed and
presented on the surface of the SKBr3-A2 cells but
not on the surface of SKBr3 (negative for HLA-A2
protein expression), and demonstrate that the increase
in HLA-A2 expression observed after cytokine treat-
ment was insufficient for CTL recognition of target
peptides.

SKBr3 cells and SaOs-2/175 possess the same hot-
spot mutation at amino acid 175 of the p53 protein,
whereas A431-A2 cells carry an R — H mutation at
position 273 of the p53 protein. These results suggest
that the processing of the p53 protein is influenced by
the site of mutation and consequently the conforma-

Effector: Targets Ratio

tion of the protein, which may influence the peptide
repertoire presented by HLA antigens at the cell sur-
face.

Discussion

The use of peptide- or DNA-based vaccines derived
from T cell epitopes of tumour-associated antigens
overexpressed in tumour cells is now an acceptable
approach to elicit antitumour immunity, and a number
of clinical trials using peptide vaccines are currently
in progress [23, 13]. p53 represents a potential target
for specific immunotherapy, and identification of p53-
encoded CTL epitopes is essential for peptide vaccine
strategies. In this study 37 overlapping nonameric pep-
tides derived from the wild-type pS3 protein, amino
acids 193-237, as well as peptides 186-194, 187-194,
188197, 263-272 and 264-272 possessing HLA-A2
binding motifs, were assayed for their ability to stabilise
HLA-A2 molecules in an MHC class I stabilisation
assay. Of the 42 peptides tested, 5 also stabilised HLA-
A2 at 37 °C at 100 uM concentration. In a recent pub-
lication comparing the MHC stabilisation characteristics



Fig. 5A-D Sensitivity of A431-
A2 (A, C) and SKBr3-A2 (B, D)
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HLA-A2 transfectants pulsed
with peptide 217-225 (A, B;
hatched bars) or peptide 264—
272 (C, Dj; hatched bars), un-
pulsed HLA-A2 transfectants
(black bars) and cells trans-
fected with control vector (white
bars)
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of peptides derived from MAGE-1, -2 and -3 proteins we
demonstrated an enhanced sensitivity when the assay
was performed at 26 °C [20].

Some of these peptides have subsequently been used
to generate MAGE-1-specific CTL in vitro (Mclntyre
et al. submitted for publication). A selection of p53
peptides were therefore re-tested at 26 °C. Out of the 24
peptides tested at this temperature, 7 stabilised HLA-A2
molecules with high affinity (FR > 1.5) and 8 with
low affinity (1.1 < FR < 1.5). Three peptides, 188-197,
193-200 and 217-225, not previously reported in the
literature, were shown consistently to stabilise HLA-A2
molecules in this assay. These peptides have one pre-
ferred anchor residue for HLA-A2 at position 9 with or
without one tolerated anchor residue at position 2.
Peptides 187-197, 229-237, 263-272 and 264-272 have
previously been shown to bind to HLA-A2 [12, 32, 33]
with similar affinities to those reported here, whereas the
binding affinity for peptides 193-201 and 210-218 was
inconsistent with previous findings [12, 35]. As antici-
pated, peptides containing no known anchor residues
(peptides 211-219 and 224-231) failed to stabilise HLA-
A2 molecules on T2 cells.

Despite the presence, in a given antigen, of peptides
with both preferred anchor residues, not all will be
capable of eliciting a CTL response in vitro. Peptides
that fail to bind and remain associated with MHC class I
molecules for a minimum time are generally unable to
elicit an immune response, whereas a strong correlation
between immunogenicity and MHC-peptide complex
stability has been reported [37]. Similarly, peptides
binding with weak affinity have been reported to be non-
immunogenic, whereas peptides with strong binding
affinity for MHC class I molecules can result in the

Effector: Target Ratio

induction of tolerance or elimination of peptide-specific
naive T cells in the thymus. Using p53-deficient (p53~/")
and p53"/" HLA-A2.1/K" transgenic mice as a model
to assess tolerance to self proteins, it was demonstrated
that the CTL response to the p53 wild-type peptide 187—
197 was undetected in p53*/" mice but could be found
in p537/~ transgenic mice. Whilst CTL could be gener-
ated to a second p53 epitope, 261-269, in both types of
mouse, the avidity of the CTL generated was tenfold
higher in p53~/~ transgenic mice than in p53*/" mice,
suggesting that high-avidity CTL are eliminated when
the protein is expressed naturally throughout life [34]. It
is therefore likely that a therapeutic window of binding
affinities exists for the generation of a CTL response,
beyond which very low- or high-affinity binding pep-
tides, would, for different reasons, fail to elicit a CTL
response.

The level of HLA class I molecules expressed on the
surface of tumour cells is also a determining influence,
and different CTL responses have been observed with
target cells expressing different levels of HLA class 1
surface molecules. This has been observed here with
SKBr3 cells (weakly HLA-A2-positive), which were not
killed unless an HLA-A2 gene was transfected and
expressed in the cells [26]. Quantitative and qualitative
differences in peptide and MHC class 1 expression will
determine the efficiency with which antigen-specific CTL
are generated. For peptides, this depends mainly on
how the protein from which they are derived has been
processed by the cell.

The majority of mutations of p53 result in the sta-
bilisation and accumulation of the protein in tumour
cells, making p53 an ideal candidate for immunotherapy
against a wide variety of cancers. Mutations, commonly
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point missense mutation, are in the main clustered
around four hot spots (amino acids 175, 248, 249, 273)
in highly conserved domains in the central region of the
protein [11]. One class of mutants (273, 248) do not
significantly affect the conformational structure of the
protein [10], do not associate with heat-shock protein 70
(hsp70), and are Pab240/Pab1620 ™" [6, 10]. In the other
class of mutants (175, 249), there is unfolding of the
protein, and exposure of the 240 epitope, which is nor-
mally cryptic and inaccessible to antibodies; these mu-
tant proteins are associated with hsp70 and are highly
sensitive to proteolytic enzymes [6, 10]. The frequency of
p53 mutations has been reported to be strongly corre-
lated with the presence of antibodies against p53 in
several types of cancer [1, 18], as a result of an active
secondary self-immunisation. Moreover, Davidoff and
co-workers [7] showed that tumours that elicit an anti-
body response contain hsp70 complexed to mutant p53.
These findings, together with the fact that several heat-
shock proteins have been shown to have a role in antigen
processing [36, 29], suggest that antigen processing of
the mutant p53 conformational protein could be differ-
ent from that of mutants where the conformation of p53
protein is not affected; this could result in markedly
different peptide repertoires being displayed by MHC
class I antigens on the surface of the cells.

In the present study we have shown that two wild-
type p53 peptides, 217-225 and 264-272, were
successfully used for the generation of primary CTL that
were able to specifically kill peptide-pulsed targets as
well as tumour targets overexpressing the p53 protein.
Tumour targets expressing a mutant p53 with an altered
conformation were more readily killed than tumour
targets expressing p53 mutants with the wild-type con-
formation, suggesting that the two proteins generate a
different class I peptide repertoire, thus confirming and
extending the recent findings of Theobald et al. [35].
They demonstrated that the R — H mutation at residue
273 of human p53 alters proteosomal processing of the
protein by inhibiting proteolytic cleavage between re-
sidues 272 and 273. Target cells bearing this mutation
were not recognised by CTL generated to the wild-type
p53 peptide 264-272 in vitro or in vivo, as this epitope
was not generated. However, an HLA-A2-restricted
CTL line specific for human wild-type p53 peptide 149—
157 lysed transfected cells expressing this mutation,
indicating that efficient processing and presentation of
other p53 epitopes occurs. In the present study, target
cells with the R — H mutation at position 273 were not
lysed by CTL-264 and were only lysed by CTL-217
generated from one of three donors. Whilst the former
observation is in agreement with that of Theobald et al.
[36], their results suggested that the 273 mutation may
only affect a flanking peptide epitope and a precursor
peptide. In our study, the lack of recognition of p53
mutated at position 273, observed with CTL generated
to peptide 217, could be due to differences in the affi-
nities of the T cell receptor of the CTL generated or to
relative expression of p53 and HLA-A2 molecules;

alternatively, regions of the protein distant from the
mutation may fail to donate peptides to the processing
pathway. Further evidence suggests that overexpression
of p53 protein is not obligitary for CTL recognition [28].
The SCCO cell line has a deletion in p53, at position 274—
285, resulting in low or undetectable levels of p53 in the
tumour cells; however, these targets were susceptible to
killing by CTL specific for the wild-type p53 264-272
peptide. In contrast, the SCC-4 cell line, which has a
missense mutation in p53 codon 151 leading to over-
expression of p53 molecules, did not present this epi-
tope. These results imply that differences exist in the
processing and presentation of p53 epiotpes, depending
on the mutation and its effect on the protein con-

formation, which would influence the effective
implementation  of  p53-based cancer  vaccine
immunotherapy.

Dendritic cells play a crucial role in initiating cellular
immune responses and have been proposed for use as an
adjuvant for cancer therapy [27]. We have shown that
dendritic cells can be successfully used as stimulators for
the generation of ““bulk” anti-p53-specific CTL popula-
tions, which recognise naturally processed p53 epitopes on
tumour targets. Appella et al. [2] recently demonstrated
the generation of anti-p53 CTL from human peripheral
blood using dendritic cells, but only cloned populations
could recognise tumour targets. Interestingly, these den-
dritic cells were CD1a-negative whereas the dendritic cells
generated here were CDla-positive, suggesting that the
method used to generate dendritic cells may influence their
ability to present to and activates CD8 " cells. Key ques-
tions that remain are (1) whether patients whose tumours
harbour a p53 mutation have demonstrable precursor
CTL or whether they can be induced, and (2) whether there
isanassociation between the p53 gene mutation, HLA type
and disease progression. Wild-type p53 peptides 217-225
and 264-272 may be candidate peptides that could be in-
cluded in vaccines for immunisation of HLA-A2-positive
cancer patients. A better understanding of the processing
pathways for mutant genes of cancer-associated proteins
and the peptide rerpertoire generated will indicate the
peptides that could be important targets for immuno-
therapy.
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