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ABSTRACT

We examined p53 expression in 107 epithelial ovarian cancers with
immunohistochemical techniques using monoclonal antibody PAt>1801.
High level expression of nuclear p53 protein was detected in the malig
nant epithelium in 54 (50%) of these cancers. Expression of p53 protein
was undetectable in 13 benign gynecological tissues. p53 mRNA from
three cancers that overexpressed the protein were sequenced and point
mutations which altered the coding sequence of the highly conserved
region of the gene were found in each case. Three cancers with undetect
able protein levels also were sequenced and were found to be wild-type
through the same region of the gene. As in other cancers, overexpression
of the p53 protein in ovarian cancer appears to correlate closely with the
presence of mutation in the/>55 gene. p53 overexpression did not correlate
with stage, histolÃ³gica!grade, or the ability to perform optimal cytore-
ductive surgery. A significant correlation (P = 0.04) was observed be
tween p53 overexpression and aneuploidy in advanced stage (III IV)
disease. There was no significant relationship between overall survival
and p53 expression. Since mutation and overexpression of p53 are
common in epithelial ovarian cancers, further studies are warranted to
clarify the role of p53 in ovarian tumorigenesis.

INTRODUCTION

p53 is a nuclear phosphoprotein that is expressed by many
normal cells (1). Although p53 has been implicated as a pro
tooncogene, the molecular mechanisms of p53 action in normal
and malignant cells are not well understood. It has been shown,
however, that the/>5J gene frequently acquires mutations during
the development of many human malignancies including colon,
breast, and lung cancers (2-4). The p53 mutations which have
been noted in these cancers invariably are located in a relatively
large region of the gene that has been highly conserved through
evolution (5). These mutations, which cause amino acid substi
tutions, appear to change the conformation of p53 resulting in
increased stability and higher steady-state levels of this nor
mally short-lived protein (6). Mutant p53 can immortalize cells
in vitro and, in conjunction with an activated ras oncogene, can
produce a fully transformed phenotype in primary fibroblasts
(7-10).

It has been proposed that the loss of wild-type p53 function
may play a role in malignant transformation. This loss may
occur either by mutation of one copy of the p53 gene followed
by deletion of the remaining wild-type alÃeleor through inacti-
vation of the wild-type protein by oligomerization with the
more stable mutant protein (11, 12). In addition, the findings
of several groups that wild-type p53 can inhibit transformation
in vitro have led to the hypothesis that p53 acts as a tumor
suppressor gene (13-15).

Epithelial ovarian cancer is the fourth leading cause of cancer
deaths in women in the United States. Relatively little is known
of the molecular events which lead to the development of this
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cancer; however, the activation of a number of different onco-
genes has been implicated. Several studies recently have sug
gested that in the progression of ovarian cancer, the alteration
of genes on chromosome 17 may frequently be of significance.
First, it has been shown that the HER-2/neu oncogene, which
is located on 17q, is overexpressed in about 30% of ovarian
cancers and that overexpression is associated with poor prog
nosis (16, 17). In addition, loss of heterozygosity for genes on
chromosome 17, due to chromosomal deletion, is a common
event that occurs in as many as three-fourths of ovarian cancers
(18, 19). Since p53 is located on chromosome 17p and loss of
heterozygosity is thought to play a role in its activation, we
sought to determine whether p53 is aberrantly expressed in
epithelial ovarian cancer.

MATERIALS AND METHODS

Patients. One hundred seven patients with ovarian cancer were
included in this study. Each patient underwent exploratory laparotomy
as part of treatment for epithelial ovarian cancer at Duke University
Medical Center between 1985 and 1990. The stage of disease was
assigned according to the International Federation of Gynecologists
and Obstetricians staging system (20). In 69 patients, tumor samples
were obtained at initial surgery while 38 samples were obtained at
second-look or subsequent laparotomy. All of the patients with ad
vanced stage disease in this study received cisplatin/cyclophosphamide
chemotherapy following primary surgical exploration. Tissue was flash
frozen in liquid N2 and stored at -80Â°C. HistolÃ³gica! material from

each case was reviewed by a single pathologist for this study. The
histolÃ³gica! type and grade were assigned according to the WHO
classification of ovarian cancer (21). In addition, samples of normal
and benign reproductive tract tissues were collected from 13 patients
undergoing surgery for benign gynecological diseases.

Immunohistochemistry. All tissue samples were snap frozen and
stored at -80Â°Cuntil analyzed. Tissue samples were frozen in Tissue

Tek OCT compound (Ames Division, Miles Laboratory, Elkhart, IN)
and 4-^m-thick cryostat sections were mounted on gelatin/potassium
dichromate-coated slides. The slides were air dried overnight at room
temperature to enhance cellular morphology. The next day, slides were
fixed in acetone for 10 min at room temperature and then air dried
again for 30 min before initiation of the staining assay.

Immunohistochemical staining was performed using the Elite Vec-
tastain ABC kit (Vector Laboratories, Burlingame. CA). All incubations
were performed in a humidified chamber at room temperature. Slides
were first incubated with the appropriately diluted primary antibody
for 60 min. Slides were then washed three times with PBS2 for 5 min.

Slides were blocked by incubation for 15 min in 5% normal horse
serum diluted in PBS/2% bovine serum albumin. After a washing with
PBS, biotinylated horse anti-mouse IgG antibody (1:100 in 2% bovine
serum albumin) was added for 30 min followed by avidin-peroxidase
complex, also for a 30-min incubation. Finally, the slides were devel
oped for 4 min with the enzyme substrate diaminobenzidine (0.5%
diaminobenzidine in 0.05 M Tris buffer, pH 7.6-0.6% hydrogen per
oxide). The slides were then rinsed for 10 min in running tap water and
counterstained with \cÃmethyl green in sodium acetate buffer, pH 5.2.

Slides were then dehydrated, cleared in xylene, and mounted in per
manent coverslipping medium.

2The abbreviations used are: PBS, phosphate-buffered saline; PCR. polymer-

ase chain reaction.
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Antibodies. Monoclonal antibody PAblSOl (Ab-2; Oncogene Sci
ence, Manhasset, NY) is affinity purified and recognizes a denaturation
resistant epitope in human p53 located between amino acids 32 and 79
(22). This antibody was used at 0.5 Mg/ml in all cases. The monoclonal
antibody PAb421 was obtained from the supernatant of the hybridoma
cell line (A. J. Levine, Princeton University, Princeton, NJ) and used
at a 1:10 dilution. This antibody recognizes a denaturation resistant
epitope located between amino acids 370 and 378 of the mouse p53
protein which corresponds to positions 372-380 of the human protein
(23). Monoclonal PAb240 (Ab-3; Oncogene Science) is affinity purified
and recognizes a denaturation resistant epitope on p53 located between
amino acids 156 and 335 (24). PAb240 was used at 0.5 Mg/ml. This
antibody has been shown to preferentially recognize mutant forms of
the protein, particularly in immunoprecipitations (25). In each case,
serial sections were reacted with mouse IgGl (0.5 Mg/ml) to assess
nonspecific staining and the nuclear proliferation antigen. Ki-67 (Dak-

opatts, Santa Barbara, CA), at 0.5 Mg/ml to test for maintenance of
nuclear reactivity (26).

Evaluation of immunohistochemistry was performed by P. A. H.
Results of immunohistochemistry were reported categorically as either
positive or negative. In order for the section to be scored as positive for
p53, nuclear staining in the majority of the epithelial cells had to be
evident.

DNA Quantitation. The DNA content was measured by using the
Feulgen staining reaction on whole cell touch imprints from fresh
frozen tissue. The intensity of the staining was measured by the CAS
200 Image Analysis System using the Quantitative DNA Analysis
software (Cell Analysis Systems, Elmhurst, IL) according to the man
ufacturer's protocols. Briefly, frozen blocks were initially cut and

stained with hematoxylin-eosin to be certain that representative tissue
was present. The blocks were allowed to warm until the exposed surface
of the block was sticky. Then, multiple touch preparations were made
by firmly touching a cleaned glass slide to the thawed surface of the
tissue. The first three imprints were discarded in an attempt to reduce
the number of cut nuclei. The touch preparations were air dried over
night and hydrolyzed in SN HC1. The slides were then incubated for 1
h in the freshly mixed dye (CAS DNA Stain Reagent) and then rinsed,
dehydrated, cleared, and mounted. The amount of blue staining was
quantitated from 100 cancer cells from each imprint by CAS 200
analysis. In each batch of experimental samples, a slide was included
which contained cells with a known amount of DNA (rat tetraploid
hepatocytes supplied by the manufacturer (Cell Analysis System). This
was used as a reference which standardized the intensity of the stain
from assay to assay. Histograms of the DNA content per cell were
generated and determination of ploidy was made on the basis of these
histograms by the location of the main and secondary peaks of DNA
content [diploid DNA index, 1.0 Â±0.1 (SD)].

Sequence Analysis. Total RNA was extracted using the guanidinium
isothiocyanate procedure (27). One 1 ng of total RNA was used as a
template for p53 complementary DNA synthesis with murine leukemia
virus reverse transcriptase (Bethesda Research Laboratories. Bethesda,
MD). The reaction was performed at 37Â°Cfor 30 min in Ix Taq

polymerase buffer (New England Biolabs, Beverly, MA) with an anti-
sense oligonucleotide primer (25 pmol) from exon 10 (5'-

CCTGGGCATCCTTGAGTT, all oligonucleotide primers were syn
thesized at the Duke Comprehensive Cancer Center), 2.5 mivi MgCb,
125 MMdeoxynucleotide triphosphates, and 10 units of placenta! RNase
inhibitor (Stratagene, La Jolla, CA). Exons 4 through 10 were then
amplified from this complementary DNA using the PCR (28) by adding
an oligo primer from exon 4 (5'-GGGACAGCCAAGTCTGTGACT),

more 1x Taq polymerase buffer, and 2.5 units of Taq DNA polymerase
(New England Biolabs). This mix underwent thermocycling for 30
cycles as follows: 94Â°Cfor 1 min; 60Â°Cfor 1 min; and 72Â°Cfor 3 min.

The 712-base pair product of this reaction was gel purified and ream-
plified using the same thermocycling conditions with 5 pmol of each
primer, 200 MMdeoxynucleotide triphosphates and 2.5 units Taq DNA
polymerase in Ix Taq polymerase buffer. This product was purified
away from primer and unincorporated nucleotides by gel filtration
through a Sepharose CL-6B (Pharmacia, Piscataway, NJ) spin column.

ethanol precipitated, and resolubilized in water. This material was the
template for dideoxy sequencing using Sequenase 2.0 (United States
Biochemical, Cleveland, OH). Oligonucleotides flanking each of the
exons 5, 6, 7, and 8 (5'-TACTCCCCTGCCCTCAACAAG, 5'-CATC
GCTATCTGAGCAGCGCT; 5'-GTCTGGCCCCTCCTCAG, 5'-CT
CAGGCGGCTCATAGG; 5'-GTTGGCTCTGACTGTAC, S'-CCGA
ATTCAGTCTTCCAGTGTGATGATG; 5'-TTCCGTCCCAGTAGA
TTACCA, 5'-TGGTAATCTACTGGGA) were used to prime the

reactions which were performed by first boiling the primer-template
mix, labeling on ice for 10 min with [12P]dATP and then running the
termination reactions at 45Â°Cfor 10 min. The reaction products were

electrophoresed on a polyacrylamide gel which was then soaked in 10%
acetic acid/12% methanol, dried, and set with Kodak (Rochester, NY)
XAR-5 film overnight.

Statistics. Tables were analyzed using Fisher's two-tailed exact i test.

Survival estimates were calculated using the Kaplan-Meier life table
method (29). Differences in survival were tested using the log-rank
statistic (30).

RESULTS

Expression of p53 Protein in Malignant and Benign Ovarian
Tissue. Thirteen nonmalignant gynecological tissues and 107
epithelial ovarian cancers were stained using the human p53
specific monoclonal antibody, PAblSOl. There was no detect
able staining of any of the 13 benign tissues (2 normal ovaries,
7 benign ovarian serous cystadenomas, 3 normal endometria,
and 1 fibroid). In contrast, 54 (50%) of the 107 cancers had
strong nuclear immunoreactivity in the majority of malignant
epithelial cells (Fig. 1). In two other cancers, staining was seen
in a relatively small percentage of the malignant cells while the
remaining 51 cancers had no detectable nuclear immunoreac
tivity with this antibody. To confirm that it was the p53 protein
which was being detected, 10 cases were stained with 2 other
p53 monoclonal antibodies, PAb421 and PAb240, which rec
ognize distinct determinants (22-24). In each case, all three
p53 antibodies yielded a similar pattern of nuclear staining with
PAb240 giving the weakest immunoreactivity.

Sequence Determination of the p53 Gene. To determine if
mutations in the p53 gene exist in ovarian cancers with high
levels of p53 protein, sequence analysis was performed using
whole cell RNA extracted from primary tissue samples. All
mutations which are known to increase the stability and onco-
genically activate the protein are located between exons 5 and
8 corresponding to amino acids 126 through 306. This region
of the p53 message was sequenced from three cancers with high
levels of the protein and three cancers with undetectable levels.
Individual pieces of tumor tissue were assessed and selected by
histolÃ³gica! examination of thin sections for relative homoge
neity of cancer cells. Material for dideoxy sequencing was
obtained by first reverse transcribing mRNA using a p53 spe
cific primer, followed by two rounds of PCR amplification of
exons 4 through 9. The amplified product was then directly
sequenced on both strands using a separate set of internal
primers. This method effectively eliminates sequencing errors
due to polymerase misincorporations. Random polymerase er
rors fade into the background by sequencing the entire popu
lation of PCR amplified molecules. Multiple independent se
quence determinations from the same RNA sample have con
firmed the fidelity of this method (31).

The three cancers that demonstrated high levels of p53 pro
tein all contained single point mutations which altered the
coding sequence (Figs. 2 and 3). Two of these mutations reside
in a highly conserved region in exon 8 (codon 278, CCT to
CGT, proline to arginine and codon 282 CGG to TGG, arginine
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Fig. 1. Immunohistochemical staining for the p53 oncoprotein in two epithelial ovarian cancers. Normal p53 expression: A, H & E; B, negative control; C, p53.
p53 overexpression: D, H & E; E, negative control; F, p53. x 250.

to tryptophan). The mutation in the third tumor was found at mutant alÃele,consistent with deletion of the wild-type alÃele,
amino acid 216 (GTG to ATG, valine to methionine), a site The third tumor contained a faint band corresponding to the
that is positioned outside of the 5 stretches of evolutionary wild-type nucleotide at amino acid 216 (Fig. 3); however, the
conservation but that is conserved in frogs, rodents, and humans relative intensities suggested that this was probably due to
(5). There are no known p53 polymorphisms which reside at contamination with a small amount of normal cells rather than
these locations. From the sequencing autoradiograms, it was the presence of the wild-type alÃelein the cancer. Conversely,
apparent that two of the three tissues transcribed only the the three cancers with undetectable p53 protein all contained a
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C T Table 1 Relationship between p53 expression anil clinical parameters in ovarian
cancer

11
0-461

Fig. 2. Sequencing autoradiograms of the p53 gene from an ovarian cancer
with overexpression of the p53 protein. Point mutation at codon 282 changing a
C to a T resulting in an amino acid change of arginine to tryptophan in exon 8.
W.T., wild type.

O-485
Fig. 3. Sequencing autoradiogram as in Fig. 2. Point mutation at codon 216

(exon 6) changing a G to an A and resulting in a valine to methionine alteration.
The wild-type (H'.T.) nucleotide is visible in this sequence; however, the relative

intensities of the bands suggest that it may be due to normal ovarian cells Â¡nthe
tissue specimen that was used.

completely wild-type coding sequence throughout this same
part of the gene (32). Therefore, a good correlation exists
between high level expression of the p53 protein by immuno-
histochemistry and the presence of mutations in the highly
conserved region of the gene.

Histopathological Criteria and p53 Expression. Staining for
p53 (Table 1) was seen in 8 (53%) of 15 early stage cancers
(stage I/II) and in 46 (50%) of 92 advanced stage cancers (stage
III/IV). Among the 69 cancers (all stages) that were obtained

Av. age atdiagnosisStage

I/II
StageIII/IVWell

differentiated"

Moderately differentiated
PoorlydifferentiatedDiploid'

AneuploidOptimal

cytoreduction''
Sub-optimalcytoreductionMedian

survival'p53

negative57.3

yr7

(47)"

46(50)4(67)

11(41)
19(53)14(70)

29(42)9(60)

20(44)2.2

yrp53

posit56.0

yr8(53)

46(50)2(33)

16(59)
17(47)6

(30)
40 (58) P=6(40)

25(56)1.85yrive0.04

Â°Numbers in parentheses, percentage.
b (n = 69) patients in whom tumor sample was obtained at initial surgery.
' (n = 92) patients with advanced stage disease.
d (n = 60) patients with initial surgery on advanced stage disease.

at initial surgery, 52% were positive for p53 overexpression
compared to 47% of the 38 cancers in which the sample was
obtained subsequent to the administration of chemotherapy.
There was no relationship between histological grade and p53
overexpression in the 69 cancers in which the tumor was
obtained at initial surgery. In this group, p53 overexpression
was seen Â¡n2 of 6 (33%) well differentiated cancers, 16 of 27
(59%) moderately differentiated cancers, and 17 of 36 (47%)
poorly differentiated cancers.

In the following statistical analyses, patients with advanced
stage disease are presented separately for two reasons: (a) of
the 107 cancers in this study, only 15 were early stage (I/II);
(b) of the cancers that were early stage, in 6 cases tissue was
obtained at the time of recurrence. Therefore, this sample of
early stage cancers is relatively small and unrepresentative. We
did not see a correlation between p53 overexpression and the
ability to perform optimal cytoreductive surgery (maximum
diameter of largest residual tumor nodule, <1 cm) in patients
with advanced stage disease. Optimal cytoreduction was
achieved in 19% of cancers with p53 overexpression compared
to 31 % of those with normal p53 expression (P > 0.3).

Ploidy is as an independent parameter that has been related
to tumor aggressiveness and overall survival. The DNA content
of 102 of the 107 cancers in this study was measured using
static image analysis on Feulgen stained touch imprints. From
the quantitative measurement of DNA content per cell, the
cancers were classified as either diploid or aneuploid. Overall,
23% were diploid and 77% were aneuploid. A significant cor
relation existed between p53 expression and ploidy in advanced
stage disease. Among cancers with p53 overexpression, only
13% were diploid compared to 33% of cancers that had normal
levels of p53 protein (P = 0.04). This correlation was less
significant (P = 0.13) if all cancers were considered.

Finally, we examined the relationship between p53 expres
sion and overall survival in patients with advanced stage ovarian
cancer. Although the median survival of patients with p53
overexpression (1.85 years) was somewhat worse than that of
patients with normal p53 expression (2.2 years), the difference
was not statistically significant (Fig. 4). Similarly, there was no
significant difference in survival when the entire group of pa
tients, including those with early stage disease, was analyzed.
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Fig. 4. Relationship between p53 overexpression and survival in ovarian cancer.
Survival in 92 patients with advanced stage disease with p53 overexpression (....)
and normal expression ( ). P > 0.2.

DISCUSSION

In this study, we have demonstrated that overexpression of
the p53 protein occurs in approximately 50% of epithelial
ovarian cancers. In general, virtually all malignant epithelial
cells in a positive tumor homogeneously expressed the protein.
Conversely, in those cancers which were scored negative for
expression, no detectable staining was present. Additionally, in
a variety of benign gynecological tissues, no staining for the
p53 protein was detected. Therefore, the normal condition for
ovarian epithelium is to have low or undetectable steady-state
levels of the p53 protein while cancers containing high levels
are aberrantly expressing this oncogene. Many of the tissue
samples that were used in this study were obtained from recur
rent cancers after alkylating agent chemotherapy (cisplatin and
cyclophosphamide). Since the incidence of p53 overexpression
was similar in samples obtained at initial surgery and in samples
obtained after chemotherapy it does not appear that this gene
is activated due to the mutagenic effect of chemotherapy.

Since mutations which render p53 oncogenic also increase
the half-life of this normally unstable protein, we investigated
whether high level expression correlated with the presence of
mutations in the highly conserved region of the gene. RNAs
from three ovarian cancers that overexpressed p53 and three
with normal expression of the protein were sequenced. Point
mutations, each creating an amino acid substitution, were iden
tified in all three cancers that overexpressed p53. The same
region of the gene in the three cancers expressing normal levels
of p53 was identical to the reported wild-type sequence (32).
We have previously made this same correlation in primary
breast cancer (31) and Iggo et al. (33) have described a similar
situation in lung cancers. In these three types of cancer, it
appears that increased expression is tightly linked to the pres
ence of mutations between exons 5 and 8 of the gene. The
absence of mutations in ovarian and breast cancers with normal
p53 expression supports the argument that mutation is causally
related to increased expression of the protein.

The results of this study suggest that p53 is a frequently
activated oncogene in ovarian cancer. For this reason, it was of
interest to determine how aberrant p53 expression related to
other prognostic factors in ovarian cancer. No correlation was
seen between p53 overexpression and stage or histological grade
of the cancer. Since stage is determined at the time of initial
diagnosis and many of the relatively few early stage cancers in
this study were obtained at the time of surgery for recurrent
disease, this group of early stage tumors is disproportionately
composed of aggressive cancers. It would require a larger and
more representative sample of early stage ovarian cancers to
demonstrate a correlation between p53 overexpression/muta-

tion and stage if it exists. One parameter that did correlate with
p53 overexpression in advanced cancers was ploidy. p53 posi
tive cancers were more frequently aneuploid than those that
were p53 negative. While p53 activation has been associated
with allelic loss on chromosome 17p, it is unlikely that these
relatively small deletions could account for the gross changes
in DNA content that were measured. Deletions on one chro
mosome may, however, reflect more widespread chromosomal
instability that would be detected in an overall assay of DNA
content. It remains to be determined whether allelic loss on 17p
corresponds to the mutational activation of the p53 gene in
ovarian cancer.

No relationship was seen between p53 overexpression and
survival in either the entire cohort of patients or the subset of
patients with advanced disease. Although there was a small
difference in survival in patients with advanced disease, this
was not statistically significant. Given the high percentage of
patients with p53 overexpression (50%) and the extremely poor
prognosis for patients with advanced disease (10-20% overall
survival), a much larger sample size would be required to be
certain that there was no relationship between p53 overexpres
sion and survival.

It is widely held that most cancers are the result of multiple
independent genetic lesions and that therefore it is likely that
p53 acts in concert with other oncogenes in the ovary during
tumorigenesis. In this regard, transgenic mice that carry a
mutated p53 gene, with resultant high level p53 expression in
the ovaries, have not developed ovarian cancer (34). In addition,
germ line p53 mutations recently have been found in afflicted
kindreds of the dominantly inherited Li-Fraumeni/SBLA can
cer family syndrome (35), yet ovarian cancer is not one of the
malignancies commonly associated with this syndrome. From
these data, it appears that mutation of the p53 gene is, in itself,
probably insufficient to induce epithelial ovarian malignancies.
p53 may well contribute to the development of these cancers,
however, since overexpression (and presumably mutation) is
common and must have been selected for and maintained during
tumor progression.
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