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Abstract

Mutations in the p53 tumor suppressor gene giving rise to mutant p53
proteins are among the most common genetic alterations associated with
tumor cells. Mutant p53 gene products lose the wild type ability to sup
press transformation in vitro or regulate cellular gene transcription. Mu
tant and wild type p53 protein conformations differ and mutant p53 is
often present at high levels in the tumor cell relative to the low levels found
in normal cells. Despite the major advances made to characterize the
structure and biology of mutant and wild type p53, the humoral immune
response against mutant p53s remains to be clearly defined. In the present
study we have examined the anti-p53 response from cancer patients

against the native and denatured state of mutant and wild type p53.
Western blot analysis, immunoprecipitation analysis, and dilution analysis
demonstrate that the anti-p53 sera recognize both wild type and mutant

p53 conformational and denaturation resistant epitopes. There was no
evidence that the mutant p53 molecules contain dominant antigenic
epitopes which are not present on the wild type p53 protein. We also
demonstrate that patients with ovarian cancer are also among those which
can produce anti-p53 antibodies.

Introduction

Mutations in the p53 gene are among the most common genetic
changes associated with human cancer and these genetic changes give
rise to mutant p53 proteins which are conformationally and function
ally different from the wild type p53 protein (reviewed in Refs. 1 and
2). Mutant and wild type p53 proteins are biologically distinct and
perhaps the most striking difference is that mutant p53 can act as
dominant oncogenes whereas the wild type p53s act as tumor sup
pressor genes in in vitro transformation assays (3, 4). The function of
wild type p53 is not completely understood. However, p53 can act as
both a transcription transactivator for some genes (5) and a transcrip-

tional repressor for other genes (6). Emerging evidence suggests that
p53 may play an important role in regulating the proliferation of cells
under stress (7).

Mutant p53 proteins have a longer half-life than wild type p53 and

accumulate to higher levels in tumor cells relative to the low levels
associated with the wild type p53 protein in normal cells (3, 8). Over
95% of the base substitution mutations in the p53 gene fall within
exons 5 through 8 which code for the internal and most conserved part
of the p53 protein (1, 2). Studies using monoclonal antibodies have
shown that some mutant p53 proteins have an exposed epitope which
is present but not exposed on wild type p53 (9). There is also evidence
that wild type but not mutant p53 can bind to SV40 large T (10).
Finally, unlike wild type p53, some mutant p53 proteins are able to
complex with the A/r 70,000 heat shock protein (hsp70)1 (11). Taken
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together, these observations demonstrate that subtle mutations in the
p53 protein can affect the conformation of the entire protein.

Mutant proteins arising from base pair substitutions can be consid
ered as foreign and under certain circumstances may become targets
for a humoral immune response. It was first demonstrated that there
was anti-p53 activity in sera from breast and colon cancer patients

before there was evidence for p53 mutations in cancer cells (12, 13).
It was reported that about 12% of the sera from these cancer patients
contained anti-53 antibodies and that no such anti-p53 response was

detected in 164 individuals without cancer (13). Subsequently, it was
revealed by Western blot analysis that these positive antisera recog
nized both the amino and carboxy regions of wild type p53 (14). More
recently it was confirmed by Western blot analysis that anti-p53 sera

recognized the amino and carboxy terminal regions outside of the
mutational hot spots for p53 (15). Evidence has also been presented
that anti-p53 sera recognized both wild type and mutant p53s by

immunoprecipitation analysis and that the immune response may be
directed against those p53 mutants which complex with hsp70 (16).

In the present study, we have compared the anti-p53 response

against mutant and wild type p53 proteins in both denatured and
nondenatured states. We have also used dilution analysis of anti-p53

sera to determine whether there was a higher titer response against
mutant p53 than against wild type p53. Our results provide evidence
that the anti-p53 response resulted in antibodies which recognize

mutant and wild type p53 proteins equally well whether the p53
proteins were in the native or the denatured state.

Materials and Methods

Sera. Sera from 175 patients with breast, colon, gastric, pancreatic, ovar
ian, or lung tumors were collected after the histopathological diagnosis had
been made, and the sera were stored at -20Â°C.

p53 Proteins. cDNAs expressing wild type human p53 (17) and mutant
human p53 (18) were cloned into a pBluescript II SK and KS vectors (Strata-

gene. La Jolla, CA) which contain the T7 promoter and ribosome binding site
upstream from the p53 initiation codon. The p53 cDNAs were introduced into
a coupled reticulocyte lysate transcription/translation system (Promega. Mad
ison. WI) in the presence of ['5S]methionine. In this manner, in vitro synthe

sized p53 proteins were radioactively labeled. It was verified that equal
amounts of labeled wild type and mutant p53s were synthesi/ed by running
equal aliquots of total protein on SDS-PAGE followed by autoradiography. In

this manner, it was possible to synthesi/.e equal amounts of wild type and
mutant p53 proteins in a nondenatured form in the same environment.

Immunoprecipitation Analysis. Immunoprecipitation analysis was carried
out as described previously (14). Briefly, transcription/translation reaction
mixtures containing labeled p53 were precleared by the addition of 25 fil 10%
immunoprecipitin (GIBCO/BRL, Burlington. Ontario. Canada). The resulting
mixture was made up to 30 fil with Tris. pH 7.5-150 rrtMNaCl-5 m.MEDTA-
0.05% Nonidet P-40-0.25% gelatin-0.027r NaN,. One /il of diluted or undi

luted sera as indicated in the text was added to the resulting supernatant and
incubated at 4Â°Cfor 12 h; 25 fil of 10% immunoprecipitin were then added and

incubated on ice for a further 30 min. The complexed antigen/antibody was
washed 4 times in 1 ml of Tris, pH 7.5-150 m.MNaCI-5 min EDTA-0.05'7r

Nonidet P-40-0.25% gelatin-0.02% NaN, buffer and the resulting p53 was
detected by SDS-PAGE ad autoradiography.

Western Blot Analysis. Ten Â¡uof the transcription/translation reaction
mixture were denatured by boiling in SDS-PAGE buffer and then resolved by
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SDS-PAGE. The resolved proteins were then transferred onto nitrocellulose
membranes for 16 h at 30 V. Membranes were blocked for 2 h at 37Â°Cin 10

HIMTris (pH 7.5), 300 imi glycine, 150 ITIMNaCl, and 10% newborn calf serum
followed by washing in phosphate buffered saline. Filters were incubated with
diluted ( 1:100-1:1000) sera for 2 h at 20Â°Cfollowed by washing in phosphate

buffered saline. The presence of antibody was detected with anti-human IgG
biotin. streptavidin-horseradish peroxidase and 4-chloro-1-naphthol in the

presence of 3% hydrogen peroxide as described (14).

Results

Analysis of Anti-p53 Antibodies Reactive against Nondenatured

Wild Type and Mutant p53s. Previous studies have shown that
mutant forms of human p53 undergo conformational changes which
are distinct from the wild type p53 conformation (9-11). We were

therefore interested to compare a series of cancer patient antibody
responses against nondenatured mutant and wild type p53. Immuno-

precipitation analysis was performed in order to examine conforma
tional epitopes rather than denaturation resistant epitopes. Two differ
ent p53 mutants (p53 seri 35, and p53 val246) and wild type p53 as
depicted in Fig. 1 were synthesized in an in vitro transcription/
translation coupled rabbit reticulocyte lysate system. This system was
used because it was possible to synthesize the same levels of mutant
and wild type p53 proteins in a nondenatured form. This was an
important consideration in order to compare antibody reactivity
against equal levels of different target antigens. The mutants used in
this study fall within two of the four hot spot regions (see Fig. 1) for
missense changes (1,2) and thus are representative of the mutant p53
conformation. As shown in Figs. 2 and 3, mutant p53serl35 migrated
faster in SDS-PAGE than did the wild type p53 despite having only

one altered amino acid. This demonstrated that the mutant p53serl35
was conformationally different from the wild type p53. The in vitro
synthesized p53 proteins were subjected to immunoprecipitation anal
ysis with a panel of sera from cancer patients as described in "Mate
rials and Methods." A total of 175 sera were tested from patients with

various types of cancer of which 9 contained detectable antibodies
against p53.

Of the positive sera identified, 4 were from colon cancer patients,
3 were from breast cancer patients, and 1 each were from lung and
ovary cancer patients. A summary of the positive sera identified is
shown in Table 1. This was the first demonstration that patients with
ovarian cancer can produce anti-p53 antibodies. No anti-p53 antibod

ies were detected in 22 sera from individuals who did not have tumors.
In each immunoprecipitation, the sera was diluted 1:10 and then 1 /nl
was reacted with equal amounts of the labeled p53 proteins. A repre
sentative immunoprecipitation analysis with some of these sera is
shown in Fig. 2. These data show that some of the positive sera were
more efficient than others in immunoprecipitating p53. For example,
samples 76, 68, and 91 were more efficient at immunoprecipitating
p53 than were samples 16 and 21. The negative serum used here was
derived from an individual without cancer and shows a representative
result in this assay with sera containing no anti-p53 antibodies. It was
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Fig. I. p53 gene products which were expressed in vitro from the T7 promoter. The 4
mutation hot spot regions are shown as boxes below the line representing the p53 codons.
The two mutants used in this study are as indicated: wild type cysl35 mutated to serl35;
and wild type met 246 mutated to vul246.
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Fig. 2. Immunoprecipitation analysis of mutant and wild type p53 with I /il of sera
from cancer patients. Top: Lanes I. 2, 3, total labeled p53 protein present in 2 /Â¿Iof the
p53 synthesis reaction; Â¡Mnes1. 4, 7, and 10 contain wild type p53. Limes 2. 5. <V.and //
contain mutant p53 seri 35. Lanes 3. 6. 9, and 12 contain mutant p53 val246. Immuno-
precipitations were carried out with control serum containing no anti-p53 antibodies
(Limes 4-6) and anti-p53 sera sample 16 (Lanes 7-9) and sample 21 (Lanes 10-12).

Bottom: Lanes 1, 4, and 7 contain wild type p53. Lanes 2, 5, and 8 contain mutant p53
seri 35. Uines 3. 6. and 9 contain mutant p53 val246. Immunoprecipitations were carried
out with anti-p53 sera sample 68 (iMnes 1-3). sample 76 (Lanes 4-6), and sample 91
(Lanes 7-9). Immunoprecipitations were carried out as described in "Materials and
Methods."

also apparent that in each of the positive sera tested here, none
specifically reacted against mutant p53. Samples 16 and 21 appeared
to immunoprecipitate wild type p53 and p53 val246 more efficiently
than p53 serl35. Repeated experiments with these samples, however,
revealed that they reacted equally well against p53 ser 135 as against
wild type p53.

To further investigate the possibility that some of these sera may
have a higher titer against mutant p53 than against wild type p53, we
performed a serial dilution of these sera and repeated the immuno
precipitation analysis against equal amounts of mutant and wild p53.
Immunoprecipitations with dilutions of sera 76 are shown in Fig. 3.
This sample was capable of immunoprecipitating all the p53 proteins
at a 1:1000 dilution. Even at the highest dilution, this serum immu-

noprecipitated wild type and mutant p53s equally well. Similar results
were observed with all the anti-p53 positive sera tested except sera 16

and 21 which when further diluted were unable to immunoprecipitate
p53. Taken together, the data from Figs. 2 and 3 show that there was
an equally strong antibody reactivity against wild type and mutant p53
molecules. This argues that the mutant p53 conformation was not
immunodominant over the wild type p53 conformation.
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As shown in Fig. 4A, sample 68 reacted equally well against wild type
and mutant p53s. Sample 21 did not react against mutant or wild type
p53 in this analysis. However, sera samples 21 and 16 did react on
Western blot analysis against wild type human p53 synthesized in
Escherichia coli (data not shown) confirming that these samples did
contain anti-p53 antibodies recognizing denaturation resistant

epitopes. Presumably, the recombinant p53 was in higher amounts in
the bacterial lysate than in the reticulocyte lysate thus resulting in the
positive reaction against the E. coli synthesized p53.

Dilution analysis of the sera 68 was performed to determine
whether there was a higher titer against denatured mutant p53 than
against denatured wild type p53. As shown in Fig. 4B, there was a
positive reaction against both mutant and wild type p53 proteins up to
a 1:1000 dilution of sample 68. Further dilution resulted in a loss of
signal. Similar data were obtained with samples 76 and 91. Taken
together, the Western blot data demonstrated that there was an equal
titer of antibodies reacting against denaturation resistant epitopes on
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Fig. 3. Immunoprccipitation analysis of mutant and wild type p53 with serum sample
76 at various dilutions. Top: Lanes I, 2, 3, total labeled p53 protein present in 2 Â¿ilof the
in vitro synthesis reaction. Lanes 4-6 contain an immunoprecipitation with the undiluted

control sera as in Fig. 2. Lanes 1 and 4 contain wild type p53. Lanes 2 and 5 contain
mutant p53 seri 35. Lanes 3 and 6 contain mutant p53 vaI246. Bottom: immunoprecipi
tation analysis with 1 Â¿ilof undiluted and diluted sera sample 76. Lanes 1-3, undiluted;
Lanes 4-6, diluted 100-fold; Lanes 7-9. diluted 1000-fold.

Table 1 Summary of sera which contained anti-p53 antibodies

Sample16216876918II2148Type ofcancerColonColonBreastLungOvaryColonColonBreastBreastTumorstage"LateEarlyLateLateLateLateEarlyLateLate

" Diagnosis was based on pathology following surgery.

Analysis of Anti-p53 Antibodies Reactive against Denatured

Wild Type and Mutant p53. Antibodies bind epitopes which are
conformational (including continuous and discontinuous) in immuno
precipitation analysis. In contrast, antibodies react against denatur
ation resistant continuous epitopes in Western blot analysis. We there
fore analyzed the same anti-p53 sera samples by Western blot analysis

to determine whether any of the positive sera reacted more strongly
against denaturation resistant mutant p53 epitopes than against the
wild type epitopes. The different p53 proteins were synthesized in
vitro as before, resolved by SDS-PAGE and transferred to nitrocellu
lose and subjected to Western blot analysis as described in "Materials
and Methods." Sera samples were tested initially at a 1:100 dilution.
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Fig. 4. Western blot analysis of mutant and wild type p53 with sera from cancer

patients. A, Lanes 2-4. Western blot with a 1:100 dilution of sera sample 68; Lanes 5-7,
Western blot with a 1:100 dilution of sera sample 21. Lanes 8-10, Western blot with a
control sera containing no anti-p53 antibodies. Lanes 2, 5, and 8 contain wild type p53.

Lanes 3, 6, and 9 contain mutant p53 serl35. Lanes 4, 7, and 10 contain mutant p53
val246. B, Western blot analysis with different dilutions of sera sample 68. Lanes 2-4,
diluted 1:100. Lanes 5-7, diluted 1:500, Lanes 8-10, diluted 1:1000. Lanes 2, 5, and 8
contain wild type p53. Lanes 3, 6, and 9 contain mutant p53 serl35. Lanes 4. 7, and 10
contain mutant p53 val246. C. total labeled p53 protein present on the nitrocellulose filters
used for the Western blot analysis shown in B. Following the Western blot analysis shown
in B, the filter was subjected to autoradiography. Note that the p53 band on the Western
blot in B corresponds to the major labeled p53 protein band in C. This verified that equal
levels of mutant and wild type p53 were present in the Western blot dilution analysis.
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mutant and wild type p53. This argues that there is not a unique and
dominantly antigenic linear epitope within the mutant p53.

Discussion

p53 mutations which give rise to mutant forms of the p53 protein
are common in a wide variety of human tumor cells ( 1, 2). Because
mutant proteins can be considered as foreign, we have examined the
antibody response against mutant and wild type p53 using sera from
a variety of cancer patients. The major objective of this study was to
compare antisera reactivity with native conformational epitopes and
denaturation resistant epitopes on the p53 proteins. The present study
is the first to compare reactivity against equal amounts of mutant and
wild type p53 proteins in both denatured and nondenatured states and
to perform dilution analysis with these sera. It was important to
compare both conformational and denaturation resistant epitopes in
the present study because mutant forms of p53 are conformationally
different from wild type p53. The principal observations from this
study was that the anti-p53 antibodies in these cancer patients recog

nized both conformational and denaturation resistant epitopes on mu
tant and wild type p53. There was no evidence that the anti-p53

antibodies preferentially recognized the mutant p53 proteins. We also
revealed that patients with ovarian cancer can produce anti-p53 anti

bodies and this has not previously been demonstrated. The findings of
this study are consistent with previous reports which demonstrated
that anti-p53 antibodies from breast cancer patients recognized dena

turation resistant epitopes at the amino and carboxy regions of wild
type human p53 (14, 15) and that there was little or no response
against internal epitopes where the majority of amino acid alterations
are located in the mutant p53 proteins (15). These data are also
consistent with a recent report showing that antisera collected from
breast cancer patients recognized both mutant and wild type p53 by
immunoprecipitation analysis (16). Taken together, these data reveal
that mutant p53 proteins do not have a dominant antigenic epitope and
the anti-p53 response is unlikely due to the conformation change

induced by the single amino acid changes associated with the mutant
p53 proteins. It is therefore more likely that the immune response
against p53 results from a loss of tolerance induced by the accumu
lation of mutant p53 in the tumor cell which may be released during
tumor necrosis.

It remains unclear why some patients with tumors containing high
levels of mutant p53 molecules do not produce anti-p53 antibodies. It

has been argued that the immune response is directed against those
mutant p53 proteins which are able to complex with hspVO (16).
Further studies will be required to verify this hypothesis. Other pa
rameters which may be important include the level of mutant p53
protein present in the tumor cells, the degree of tumor necrosis, the
type of treatment a patient may be receiving, the stage and grade of the
tumor or a combination of these. From the limited number of positive
sera identified in this study, we found that antibodies were detected in
sera from patients with a variety of cancer types. In addition, in the
case of the positive sera from the colon cancer patients, we identified
anti-p53 antibodies in patients with both early and late stage tumors.

Assuming that the antibody response was due to tumor derived mutant
p53 accumulation, this would suggest that in some instances, early

stage tumors may have mutant p53. Finally, this is the first study to
reveal the presence of anti-p53 antibodies in patients with ovarian

tumors. Clearly, this reveals that patients with tumors other than breast
or colon cancer can produce anti-p53 antibodies.

Much attention has been placed on the identification and biological
characterization of p53 mutations in human tumors. This has been
useful to characterize the biology of the p53 protein and this may also
have implications for the prognosis of some tumors. The analysis of
the anti-p53 response may serve as an additional approach to charac

terize the structure/biology of p53 and may also be a useful diagnostic
or prognostic indicator of tumors.

Acknowledgments

We are grateful to S. Benchimol for providing the cDNAs coding for the
mutant p53 proteins and to E. Georges for his helpful comments during the
course of this work.

References
1. Vogelstein. B., and Kinzler, K. W. p53 function and dysfunction. Cell, 70: 523-526.

1992.
2. Hollstein. M.. Sidransky, D., Vogelstein, B., and Harris. C. C. p53 mutations in human

cancer. Science (Washington DC). 253: 49-53. 1991.
3. Hinds. P. W.. Finlay. C. A.. Quartin, R. S.. Baker. S. J., Fearon. E. R., Vogelstein, B..

and Levine. A. J. Mutant p53 DNA clones from human colon carcinomas cooperate
with ras in transforming primary rat cells: a comparison of the "holspot" mutant

phenotypes. Cell Growth & Differ., /: 571-580, 1990.
4. Finlay. C. A., Hinds, P. W.. and Levine. A. J. The p53 proto-oncogene can act as a

suppressor of transformation. Cell, 57: 1083-1093, 1989.

5. Kern. S. E.. Pietenpol. J. A., Thiagalingam. S.. Seymour. A., Kinzler. K. W., and
Vogelstein. B. Oncogenic forms of p53 inhibit />5.i-regulated gene expression. Science
(Washington DC). 256; 827-830. 1992.

6. Seto. E., Usheva. A., Zambetti, G. P.. Momand. J.. Horikoshi, N., Weinmann. R..
Levine. A. J.. and Shenk. T. Wildtype p53 binds to the TATA-binding protein and
represses transcription. Proc. Nati. Acad. Sci. USA. 89: 12028-12032. 1992.

7. Kastan. M. B.. Onyekwere. O., Sidransky. D.. Vogelstein. B., and Craig, R. W.
Participation of p53 protein in the cellular response to DNA damage. Cancer Res., 51:
6304-6311. 1991.

8. Benchimol. S.. Pirn, D., and Crawford, L. Radioimmunoassay for the cellular p53
protein in mouse and human cell lines. EMBO J.. /. 1055-1062. 1982.

9. Stephen, C. W., and Lane. D. P Mutant conformation of p53â€”precise epitope map
ping using a filamentous phage epilope library. J. Mol. Biol., 225: 577-583, 1992.

10 Braithwaite. A W. Stur/becher. H . Addison. C.. Palmer. C.. Rudge. K., and Jenkins.
J. R. Mouse p53 inhibits SV40 origin-dependent DNA replication. Nature (Lond.).
329: 458^t60. 1987.

11. Finlay, C. A., Hinds. P. W.. Tan. T-H.. Eliyahu. D.. Oren, M., and Levine. A J.
Activating mutations for transformation by p53 produce a gene product that forms a
hsc70-p53 complex with an altered half life. Mol. Cell. Biol., 8: 531-539. 1988.

12. Crawford. L. V, Pirn, D. C.. and Bulbrook. R. D. Detection of antibodies against the
cellular protein p53 in sera from patients with breast cancer. Int. J. Cancer. 30:
403^*08, 1982.

13. Crawford. L. V., Pim. D. C., and Lamb. P. The cellular protein p53 in human tumours.
Mol. Biol. Med., 2: 261-272. 1984.

14. Matlashewski, G.. Banks. L.. Pim, D., and Crawford, L. Analysis of human p53
proteins and mRNA levels in normal and transformed cells. Eur. J. Biochem.. 154:
665-672, 1986.

15. Schlichtholz. B., Legros. Y.. Gillet. D.. Gaillard. C., Marty, M., Lane. D.. Calvo, F,
and Soussi, T. The immune response to p53 in breast cancer patients is directed
against immunodominant epitopes unrelated to the mutational hot spot. Cancer Res..
52: 6380-6384. 1992.

16. Davidoff. A. M.. Iglehart. D.. and Marks. J. R. Immune response to p53 is dependent
upon p53/HSP70 complexes in breast cancers. Proc. Nati. Acad. Sci. USA. K9:
3439-3442, 1992.

17. Matlashewski, G.. Tuck. S., Pim. D., Schneider, J.. and Crawford. L V. Primary
structure polymorphism at amino acid residue 72 of human p53. Mol. Cell. Biol.. 7:
961-963, 1987.

18. Slingerland, J. M.. and Benchimol, S. Transforming activity of mutant human p53
alÃeles.J. Cell. Physiol.. 148: 391-395. 1991.

3471

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/53/15/3468/2451176/cr0530153468.pdf by guest on 19 M

ay 2023




