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Abstract

p53 antibodies have been found in sera of patients with breast and lung
carcinomas and in children with B-lymphomas. We report here the pres

ence of p53 antibodies in sera of patients with 11 different types of cancer.
The frequency of seropositives for p53 varied among the different types of
cancer, but a correlation with the frequency of p53 gene alteration was
established. Using a powerful peptide enzyme-linked immunosorbent as

say, we demonstrated that the immune response of patients with p53
antibodies was restricted to a small subset of peptides localized in the
amino and carboxy termini of p53, whatever the type of cancer. Given the
similarities of the patterns of immune responses in patients with p53
antibodies and animals hyperimmunized with human p53, we propose
that the pS3 humoral response is the result of a self-immunization process

which is itself the consequence of p53 protein accumulation in tumor cells.

Introduction

p53 alterations in human cancers can be assessed by three main
approaches. The first is a molecular analysis of the p53 gene in which
PCR amplification and DNA sequencing lead to the specific identifi
cation of a mutation in the gene. Such studies have established that
mutations in the p53 gene are the most frequently reported somatic
gene alterations in human cancers (1, 2). Taking into account the 10
most frequent worldwide malignant tumors, p53 alterations appear to
be present in 40 to 45% of all tumors. These mutations are commonly
point missense mutations which are clustered in four of the five highly
conserved domains of the p53 protein (3).

The second approach, which has been widely developed, is that of
immunohistochemical analysis. It is now well established that most
(if not all) of the p53 missense mutations can change the conformation
of the protein leading to an important increase in its half-life, and

thereby resulting in its accumulation in the nucleus of the tumor cells
(4). Extensive immunohistochemical studies performed over the last 3
years have indicated good agreement, for a given type of cancer,
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between the frequency of positive samples with immunohistochemical
analysis and that of tumors with mutations detected by DNA sequenc
ing (5, 6).

The third approach consists of an assay of p53 antibodies found in
the sera of cancer patients. This is based on initial results of Crawford
et al. (7) who detected p53 antibodies in the sera of patients with
breast carcinomas. CarÃ³nde Fromentel et al. (8) later found that such
antibodies were present in the sera of children with various cancers.
The average frequency was 12%, but this figure rose to 20% in
children with Burkitt's lymphoma, More recently, the presence of p53

antibodies was shown to be associated with p53 mutations (9, 10), in
particular those leading to p53 overexpression (9). It is noteworthy
that these antibodies were not specific to a particular p53 mutant and
recognized either wild type and various p53 mutants in a similar
manner (9, 11, 12). In breast carcinomas, the p53 antibodies are
directed toward immunodominant epitopes localized in the amino
terminus of the p53 protein (11). Furthermore, close correlation was
observed between the presence of such antibodies and other factors in
poor prognosis, such as high histological grade and the absence of
hormone receptors, features associated with p53 gene mutation (11).

To date, little is known about the p53 humoral response in patients
who develop cancer. The aim of the present study was: (a) to deter
mine the frequency of p53 antibodies in various cancer types by using
a new ELISA6 procedure; (b) to determine the precise localization of

the p53 antigenic sites recognized by serum antibodies; and (c) to
compare the antigenic p53 response in various cancer types.

Materials and Methods

Sera. Sera were collected from various clinical laboratories in France be
tween 1990 and 1993. They were obtained after diagnosis but prior to treat
ment. Sera were stored at -70Â°Cuntil use. The only exception corresponded to

a series of children with B-lymphomas. These sera corresponded to those
described by CarÃ³nde Fromentel et al. in 1987 (8). Sera were stored at -20Â°C

from that time.
Serum electrophoresis analysis and immunological identification of mono

clonal immunoglobulins were performed by using the Paragon Serum Protein
Electrophoresis kit and the Paragon Immunofixation Electrophoresis kit (Beck-
man), respectively. Both were used according to manufacturer's instructions.

Immunoblotting, Immunoprecipitation, and ELISA. Immunoblotting of
human sera has been previously described (11). For immunoprecipitation, full
length wild-type p53 was obtained by in vitro transcription/translation. For

each immunoprecipitation, 10,000 cpm of labeled protein were used as de
scribed by Soussi et al. (13). The ELISA procedure used to assess p53 anti
bodies will be detailed elsewhere.7

6 The abbreviations used are: ELISA, enzyme-linked immunosorbent assay; PBS,
phosphate-buffered saline.

7 R. Lubin and T. Soussi, manuscript in preparation.
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Peptide Scanning (PEPSCAN) Analysis. Serum screening was performed
by using procedures described by Geysen et al. (14). Peptides (77 peptides)
consisting of overlapping 15 mers spanning the entire human p53 were pro
duced by Cambridge Research Biochemicals (United Kingdom). Each peptide
overlapped its neighbor by 10 amino acids and was biotinylated at the amino-

terminal end.
Plates were coated with 5 /xg/ml of streptavidin diluted in water. For each

well, 100 /J.1of solution were used. Plates were left at 37Â°Cto enable the

solution to evaporate to dryness. Dried plates were either used immediately or
stored at 4Â°Cin a sealed bag.

Plates were washed 6 times in PBS containing 0.05% (v/v) Tween 20 and
subsequently blocked with PBS containing 0.2% (v/v) Tween 20 and 5% milk
for l h at 37Â°C;50 ^.1 of each biotinylated peptide (5 ng//xl) were added to

individual wells of the plate, incubated for l h at room temperature on a
rocking table, and then washed 5 times before addition of sera to a dilution of
1:50. Plates were washed 5 times before development of the immune complex
by using peroxidase-labeled antibodies.

Results

p53 Antibodies in Patients with Various Cancer Types. The
presence of circulating p53 antibodies was tested in about 1000 sera
by using a sensitive ELISA procedure (Table 1; data not shown). p53
antibodies were found in sera of patients with all cancer types tested
so far. For lung and breast carcinomas, all positive sera and some
negative sera were also controlled by immunoprecipitation and im-

munoblot (data not shown). There was consistent good correlation
between results obtained with the various techniques. The frequency
of seropositive patients varied among the different types of cancer.

For some cancers described in this study, we were able to show that
tumor cells displayed either a mutation in the p53 gene (detected by
DNA sequencing) or an accumulation of the p53 protein (detected by
immunocytochemical analysis) (Table 1). In only one case of breast
carcinoma, we were unable to detect a molecular alteration in a patient
with p53 antibodies.

Four sera tested in this study were already shown to have p53
antibodies, as reported by CarÃ³nde Fromentel et al. in 1987 (8). These
were included in the present study as positive controls but it is inter
esting to note that sera stored for 6 years have remained positive. As
shown below, their reactivity toward p53 peptides is indistinguishable
from more recent sera. In fact, over a period of 1 year, two positive
sera were repeatedly frozen and thawed (more than 80 times) and
assessed for p53 antibodies at each cycle. We noticed a decrease of
less than 15% in the initial serum titer after the final test. These results
suggest that p53 antibodies are stable and can be easily used as
markers for retrospective studies.

Table 1 p53 antibodies in sera of patients with various cancer types

CancerBreastProstateThyroid

Lung
BladderLeukemiaPancreasOvary

Hepatoma
Kidney
B-lymphoma (children)Patients

with serum
p53 antibodies/no,tested12/93*2/834/108

10/4211

8/294/8814/731Â«

1Â«
1*4*p53

mutation"YescND"*Yes'

ND
NDYes/NDND

ND
NDND

" p53 mutations were "Assessed by DNA sequencing.
h These data belong to a new series of breast carcinoma different from the data already

published by Schlichtholz et al. (11).
'"B. Bressac et ai, unpublished results.

d ND, not done.
" M. Schlumberger and B. Bressac, unpublished results.
rC. Preudhomme and P. Feraux, unpublished results.
* These sera correspond to isolated sample tested during the course of this work. They

are not included in a larger series of the same cancer.
* These sera correspond to those already described by CarÃ³n de Fromentel et al. in

1987 (8).

Using specific heavy chain antibodies, we have shown that most of
these p53 antibodies belong to the IgG class (data not shown). Fifty-

seven positive sera were analyzed for their protein composition by
electrophoresis on agarose gel (see "Materials and Methods"). Six

sera were shown to have a monoclonal immunoglobulin. By immu-

nofixation, we demonstrated that three of them were IgG with a A.
chain, two were IgG with a K chain, and the final one was IgM with
a K chain. A similar analysis was performed on 27 sera negative for
p53 antibodies but no monoclonal immunoglobulin could be detected.
No work has been performed to determine whether monoclonal Â¡m-

munoglobulins were directed toward the p53 protein.
Epitope Mapping of p53 Antibodies. In order to gain further

insight into epitopes recognized by the antibodies, we used a series of
77 biotinylated peptides (15 residues each) encompassing the entire
p53 protein. Each peptide had an overlap of 10 amino acids with its
neighbor (see "Materials and Methods"). ELISA was first used with

p53 monoclonal antibodies with known epitope location. A strict
correlation was consistently found between the results obtained by the
PEPSCAN procedure and those published in the literature.8 Using this

procedure, 47 positive sera were tested for the precise epitope loca
tions of the p53 antibodies (Figs. 1 and 2). p53 antibodies clearly
showed a strong reaction toward both extremities of the p53 protein,
confirming our previous results obtained in an immunoblot experi
ment (11). The central part of the p53 was clearly less immunogenic.

In the present study, we have included the sera from animals hy-
perimmunized with wild-type p53. CM1 is a rabbit serum commonly

used for immunohistochemical studies (a kind gift of D. Lane),
whereas mouse serum was taken from a mouse used for monoclonal
antibody production. Profiles of these two sera are identical to those
of patient sera (Fig. 1).

Localization of p53 Immunodominant Epitopes. The compila
tion performed in Figs. 2 and 3 summarizes our results and strongly
highlights the presence of immunodominant antigenic sites in the p53
protein; 98% (46 of 47) of sera recognized at least one of the five
ammo-terminal peptides, whereas 48% (23 of 47) recognized one of
the 8 carboxy-terminal peptides (Fig. 3). Interestingly, only three

internal parts of the p53 protein were also recognized by antibodies
from several patient sera. They are reported in Fig. 3. It is interesting
to note that two of them corresponded to an epitope of rare mono
clonal antibodies produced toward p53. Peptide 42-43 corresponded

to the epitope of the mouse monoclonal antibody PAb240, which is
accessible only when p53 is either mutant or denatured (15). Peptide
58-59 corresponded to the epitope of HO7.1.9

Discussion

p53 antibodies have been described in patients with breast cancer
and lung cancer, and in children with various neoplasms (7-11). In

breast carcinoma, Davidoff et al. (10) showed that p53 antibodies are
always linked to a point mutation in the p53 gene. Furthermore,
Winter et al. (9) reported a strong correlation between the level of p53
in the tumor and p53 antibodies in patient sera, suggesting that p53
stabilization and overexpression are essential prerequisites for the
presence of p53 antibodies.

Using a new ELISA procedure, we showed that p53 antibodies are
found in sera of patients with 11 different types of cancer. Interest
ingly, there appears to be a relationship between this occurrence and
the rate ofp53 gene alterations described in the literature for a given
cancer type. The highest value was reached in patients with lung and
pancreas carcinomas, two cancer types which are known to have a
high frequency of p53 gene mutations. On the other hand, the lowest
value was obtained for patients with leukemia and prostate carcino-

*Y. Legros and T. Soussi, manuscript in preparation.
' Y. Legros, C. Lafon, and T. Soussi, submitted for publication.
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PEPTIDES
Fig. 1. PEPSCAN analysis of p53 antibodies present in patient sera. Each scrum was tested by ELISA by using p53 overlapping peptides as antigen (see "Material and Methods").

Only representative sera corresponding to various cancer types are presented. Data corresponding to all sera are shown in Fig. 2. Control sera correspond to sera from two anonymous
blood donors. CMI is a rabbit serum hyperimmunized with wild-type human p53. Mouse serum was taken from a mouse immunized with wild-type p53 for monoclonal antibody
production. Patient sera were from the following cancer types: OV 80, ovarian carcinoma; TY68, thyroid carcinoma; LB 2, Burkitt lymphoma; Hep 155, hepatocarcinoma; BCB 15,
BC 20; breast carcinoma;L 48, leukemia; PAC 80, pancreascarcinoma.
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Fig. 2. Localization of anligenic sites recognized by sera of patients with various cancer types. For each serum, the highest value on PEPSCAN ELISA was taken as 100%. All
peptides with absorbance between 50 and 100% are depicted as a black box. Those with a value between 20 and 50% are depicted as a grey box. Sera are reported by cancer types:
BC, breast carcinoma; BL. Burkitt lymphoma: H. hepatoma; OV, ovarian carcinoma; L, leukemia; 7Y, thyroid carcinoma; PR. prostate carcinoma; LC, lung carcinoma; UC. bladder

carcinoma; PA, pancreatic carcinoma.

Fig. 3. Frequency recognition of immunodominant
epitopes. For each Â¡mmunodominant peptide (PEP), the
frequency of serum recognition has been given (see Fig.
2). N-ter corresponds to the number of sera which rec
ognized at least one of the five amino-terminal peptides
(3, 4, 5, 9, or 10); C-ler correspond to the same analysis
for the eight carboxy-terminal peptides (peptides 70 to
77). Peptides 25-26, 42-43, and 58-59 correspond to
internal peptides which are also frequently recognized
by patient sera. Two of them (peptides 42^t3 and 58-

59) correspond to an epilope of murine monoclonal
antibody directed toward human p53 (see text).
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mas, where p53 mutations are rare. Ascending procedures were per
formed on thyroid carcinomas, beginning with serological analysis,
followed by immunohistochemistry, and ending with molecular analy
sis. Tumors from patients with p53 antibodies were shown to have p53
accumulation in their tumor cells, and subsequent sequencing of tu
mor DNA have identified the molecular alteration.10

In another report, we showed that p53 antibodies found in the sera
of breast and lung cancer patients recognized immunodominant epi-

'" R. Lubin, B. Bressac, M. Schlumberger, and T. Soussi. unpublished results.

topes localized predominantly in the amino, and, to a lesser extent, in
the carboxy terminus of the p53 protein (11)." These results were

achieved by using immunoblot on truncated p53, and the two delin
eated regions included, respectively, amino acids 1 to 112 and amino
acids 306 to 393. Using a powerful peptide mapping approach, we
confirmed these results and defined a more precise boundary for these
Â¡mmunodominant sites on the p53 protein. In the amino terminus,
there were two immunodominant antigenic sites, peptides 3-5

11B. Schlichtholz, R. Lubin, and T. Soussi, submitted for publication.
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(EPPLSQETFSDLWKLLPENNVLSPL) and peptides 9-10 (DDL-

MLSPDDIEQWFTEDPGP). In the carboxy terminus, the region rec
ognized by antibodies was less well defined, varying from one serum
to another. Generally, it included peptides 70-77.

The majority (98%) of sera reacted with one of the amino-terminal
peptides, whereas only 48% of sera reacted with the carboxy-terminal

region. This observation confirms our previous studies (11) and sug
gests that the amino terminus of the human p53 protein is highly
antigenic. It is interesting to note that these regions are totally outside
the p53 region which contains the mutation hot spot. Our finding is
thus, in agreement with the observation that these p53 antibodies
recognized wild-type or mutants p53 in a similar way (9, 11, 12).

We also observed that this antigenic site profile is similar in animals
hyperimmunized with human p53 (Fig. I).1' Analysis of monoclonal

antibodies produced toward human p53 demonstrated a strong bias in
the epitope recognized by these monoclonal antibodies. Most of them
recognized epitopes localized in the amino-terminus of p53 (16-19).''

Taken together, (a) the presence of immunodominant epitopes out
side the hot spot region of p53 mutation; (b) the correlation between
p53 accumulation (and p53 gene mutation) in tumor cells and p53
antibodies response; (c) the similarity of the humoral response in
patients independent of the cancer type; and (d) the similarity of the
antigenic site profile between patients and hyperimmunized animals
suggest that p53 accumulation is a major component of the humoral
response found in patients with cancer. This accumulation could lead
to a self-immunization process culminating in the appearance of p53

antibodies.
The mechanism by which p53 is presented to the immune system is

unknown. It is possible that p53 is released following cell necrosis, but
thus far, p53 has not been found in human sera (9, 20). Either the p53
protein is very rapidly eliminated from sera, or other mechanisms of
p53 presentation are involved.

The p53 tertiary structure is not known at present, but the primary
sequence of p53 from 9 different species provides a clue as to its
organization. The polypeptide chain of p53 may be subdivided into
three regions: a highly charged acidic amino-terminal region that

comprises the first 80 amino acids, a hydrophilic charged basic region
at the carboxy terminus comprising residues 319 to 393, and a central
part of the protein having a low charge density and containing a high
number of hydrophobic residues (3). This structural organization cor
responds to functional domains of the p53 protein. The amino-termi
nal region contains the transactivational domain while the carboxy-
terminal region contains the DNA-binding domain. The exact role of

the central region is unknown, but the observation that more than 95%
of the point mutations found in human tumors lie in this region
strongly suggests that it plays an essential role in p53 function. Fur
thermore, this region contains the epitope recognized by Pab240 that
is hidden in wild-type p53 and can be unmasked in several p53

mutants. It has been shown that the central part of the p53 is important
for its conformation, and a recent model proposed by Hainaut and
Milner suggests that this hydrophobic central part could be compacted
(and thus less accessible) by bridging the conserved region in several
loops (21). This spatial organization is in accordance with the profile
of the determinant site which may correspond to a more accessible
region of the protein.

Serological analysis of p53 antibodies in patients with cancer
should be considered as a useful alternative, or as a complementary
procedure along with other approaches for studying p53 alteration. It
is advantageous for the study of patients in whom no tumors are
available because surgery cannot be performed. It can be used either

for retrospective or prospective studies. Furthermore, serological
analysis could be used for follow-up of the patients. For that purpose,

it would be interesting to study p53 antibodies sera variations during
the time course of the disease.

Serological analysis can be performed via a simple ELISA proce
dure. Identification of the immunodominant epitopes described in this
work has enabled production of a new ELISA assay based on the use
of specific peptides.7 This assay should greatly simplify detection of

p53 antibodies and stimulate wide-scale studies.
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