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ABSTRACT

The p53 gene on chromosome 17p is considered to be a tumor sup
pressor gene, and frequent mutations of the pSÃŒgene have been found in
a wide variety of human cancers. We examined 31 ovarian cancers for
allelic losses and mutations of the p53 gene by polymerase chain reaction-
single strand conformation polymorphism analysis as well as restriction
fragment length polymorphism analysis. Allelic loss of the p53 gene was
detected in 16 of 20 cases (80%). Mutations were detected in 9 of 31
cases (29%): 2 cases in exon 4; 5 cases in exons 5-6; and 2 cases in exons
7-8. In 8 of 9 cases, p53 mutations were accompanied by losses of the
normal alÃele.These alterations of the pSÃŒgene were commonly detected
from stage I to stage IV. These results suggest that alterations of the
p53 gene play an important role in the development of human ovarian
cancers.

INTRODUCTION

It is widely accepted that both activation of protooncogenes
and inactivation of tumor suppressor genes are involved in the
genesis or progression of various kinds of human tumors.
Although ovarian cancer is the most lethal tumor of the female
genital tract, molecular mechanisms of tumor development
have not yet fully been understood. At present, little informa
tion is available on the molecular genetic alterations associated
with either genesis or progression of ovarian cancer. For in
stance, overexpression and amplification of the erbB-2/HER-
2/neu gene have been reported to be associated with poor
prognosis of the patients with this disease (1,2). In addition,
loss of heterozygosity on chromosomes 3, 6, 11, 17p, and 17q
has been reported to occur frequently in ovarian cancer (3-7),
suggesting the involvement of tumor suppressor gene inactiva
tion in the development of this tumor. The p53 gene is located
on chromosome 17pl3.1 (8) and the accumulating evidence
suggests that it acts as a tumor suppressor (9-11). This gene is
frequently mutated in a wide variety of human cancers (12). In
this article, we investigate structural alterations of the p53 gene
in 31 primary ovarian tumors obtained at surgery by PCR-
SSCP3 analysis which is a rapid and sensitive method for

detection of mutations and polymorphisms in a given sequence
(13). RFLP analysis was also performed to examine for allelic
loss of the p53 gene in these tumors. RFLP and PCR-SSCP
analyses showed allelic loss in 16 of 20 informative cases (80%).
Mutations of thep55 gene were detected in 9 of 31 cases (29%)
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by PCR-SSCP analysis. These results strongly suggest that
allelic losses and mutations of the p53 gene are critical genetic
alterations for the development of ovarian cancer.

MATERIALS AND METHODS

Human Tissue Samples and DNA Extraction. Thirty-one primary
tumors were obtained at surgery and ten of them were with adjacent
noncancerous tissues or peripheral blood to provide sources of these
patients' normal tissue DNA. The tumors were histologically classified

according to the Histological Typing of Ovarian Tumors by the World
Health Organization (14) and staged according to the International
Federation of Gynecology and Obstetrics staging system. Twenty-nine
of the tumors were of epithelial origin: ten serous adenocarcinomas;
ten clear cell adenocarcinomas; four endometrioid carcinomas; one
mesodermal mixed tumor; and four mixed adenocarcinomas. The other
two were germ cell tumors: one mature teratoma; and one embryonal
carcinoma. Nine tumors were classified as being stage I, 4 as stage II,
12 as stage III, and 6 as stage IV (Table 1). High-molecular-weight
DNA was prepared by proteinase K digestion and phenol/chloroform
extraction as described (15).

RFLP Analysis. Ten ng of DNA were digested with Banll or Bglll
endonuclease, electrophoresed on 0.8% agarose gel, transferred to nylon
filters, and hybridized to "P-labeled p53 cDNA probe pR4-2 (16),

prepared by random primer labeling. In ten cases with corresponding
normal tissue, allelic loss was considered to have occurred when the
hybridization intensity of one allelic fragment was less than 40% that
of the other allelic fragment measured by FUJIX BAS 2000 SYSTEM
(17). Since a residual faint signal, probably due to contamination of
normal cells in the tumor specimen, was observed in most of the tumors
showing allelic loss, we were able to determine the presence of allelic
loss in the other 21 cases without corresponding normal tissue by
means of loss of intensity of 1 of 2 allelic fragments; i.e., allelic loss
was considered to have occurred if tumors showed a heterozygous
genotype and the signal intensity of one of the allelic fragments was
less than 40% that of the other allelic fragment. Although this approach
may underestimate the occurrence of allelic loss in tumor, it never
overestimates the incidence of allelic loss, because complete loss is
considered to be constitutionally homozygous by this method.

PCR-SSCP Analysis. Oligonucleotide primers used for PCR to am
plify coding exons of the p53 gene were designed based on the published
sequence (18): 2U, GGAATTCCTCTTGCAGCAGCCA; 3D,
GGAATTCCCTTGTCCTTACCAG; 4U, GGAATTCACCCATCT-
ACAGTCC; 4D, GGAATTCAGGGCAACTGACCGT; SU, GGA
ATTCTTCCTCTTCCTGCAGTACTC; 6D, GGAATTCAAACCA-
GACCTCAGGCGGCT; 7U. GGAATTCTCCTAGGTTGGCT-
CTGACT; 8D, GGAATTCCTGCTTGCTTACCTCG; 9U, GG-
AATTCCTAGCACTGCCCAAC; 9D, GGAATTCAAGACTTAG-
TACCTGAAGG; I OU, GGAATTCTGTTGCTGCAGATCCGT;
10D, GGAATTCTGAGGTCACTCACCTGGA; 11U, GGA-
ATTCTGTCTCCTACAGC; 1ID, GGAATTCAGTGGGGAACAAG.
For instance, 2U and 3D are upstream and downstream primers,
respectively, spanning exons 2-3 of the p53 gene. Sizes of PCR frag
ments are 266 base pairs (exons 2-3, codons 1-32), 317 base pairs
(exon 4, codons 33-125), 416 base pairs (exons 5-6, codons 126-224),
623 base pairs (exons 7-8, codons 225-306), 104 base pairs (exon 9,
codons 307-331), 145 base pairs (exon 10, codons 332-367), and 133
base pairs (exon 11, codons 368-394). All primers had an extraneous
nucleotide sequence to create Â£coRIsites at their 5' ends. One hundred

ng of genomic DNA were amplified in a total volume of 20 n\ in a
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Table 1 Alterations of the p53 gene in ovarian cancer

Case12345678910111213141516171819202122232425262728293031StagelalalaIcIcIcIcIcIcHeHeHeHeIliaMiliHlbIII!.lilelilelileHieHicHicHicHicIVIVIVIVIVIVHislologicaltypeCCA"MTEACCASACCASACCACCAMAMMTCCAECCCAMAEASASACCAMAEASASACCAEAMASASASACCASAMutationexon-â€”5.6â€”â€”â€”â€”â€”â€”45.6â€”â€”â€”5.6â€”-â€”â€”â€”â€”â€”5.6â€”47.8â€”5.67.8â€”-AlleliclossRFLPBan\\-1-1â€”1.21.2â€”â€”â€”â€”1â€”2-â€”-â€”â€”â€”â€”â€”212â€”â€”-21.2-Bgm-2â€”2â€”1.21.2â€”â€”â€”â€”2â€”1-â€”2â€”â€”â€”â€”â€”â€”2â€”â€”â€”-â€”1.2-PCR-SSCP-2-

(LON)2â€”1.21.2â€”â€”-

(LON)-
(LON)21.21-

(LON)--â€”â€”â€”â€”â€”121â€”1-

(LON)11.22

Â°CCA, clear cell adenocarcinoma; MT, mature teratoma; EA, endometrioid

adenocarcinoma; SA, serous adenocarcinoma; MA, mixed adenocarcinoma;
MMT, mesoderma! mixed tumor; EC, embryonal carcinoma; I. loss of smaller
alÃeleby a RFLP analysis or loss of lower or outer band by a PCR-SSCP analysis;
2, loss of larger alÃeleby a RFLP analysis, or loss of upper or inner band by a
PCR-SSCP analysis; 1.2, retention of heterozygosity; LON. loss of normal alÃele
by a PCR-SSCP analysis; -, mutation negative or constitutional homozygosity.

buffer containing 1.0 ^1 of [32P]dCTP (3000 Ci/mmol; 10 Ci/ml). Thirty
cycles consisting of 40 s at 94*C (denaturation), 40 s at 55Â°C(anneal
ing), and 90 s at 72Â°C(extension) were performed. Two n\ of the PCR

product were diluted 100-fold by a buffer consisting of 20 mM EDTA,
96% formamide, 0.05% bromophenol blue, and 0.05% xylene cyanol.
Forty fi\ of this diluted sample were heated at 80Â°Cfor 2 min and

applied (1 iuNane) to a 6% neutral polyacrylamide gel (13). In addition,
5 or 10% glycerol was added to the gels for analysis of exons 2-3, 4,
5-6, 7-8, 9, and 10. Electrophoresis was performed at 30 W for 1.5-
12 h with cooling by fans at room temperature or at 4Â°C.The gel was
dried and exposed to Kodak XAR film at -80Â°C for 10-24 h with an

intensifying screen.
Cloning and Sequencing. Since the primers used for PCR had fcoRI

sites at their 5' ends, the products were purified, digested with EcoRl,

and ligated into the EcoRl site of pGEMl plasmid. Sequencing was
carried out by the dideoxy chain termination method with a 7-DEAZA
sequencing kit (U. S. Biochemical; Version 2.0). The templates used
for the sequencing reactions were DNA either from 50 to 100 pooled
plasmid clones or from a single clone.

Oncogene Alterations. Ten ^g of DNA were digested with EcoRl,
Mspl, Taql, or Pvull endonuclease; electrophoresed on 0.8% agarose
gel; transferred to nylon filters; and hybridized to 32P-labeled probes:
pHH35 (second exon of the c-myc gene subcloned from pHSR-1);
pNBl (N-myc); pCERNH? (erbB-2/HER-2/neu)\ pE7 (EGFR)\ SS6
(INT2); and probe AA (HST1) (19-24).

RESULTS

Allelic Losses of the p53 Gene Detected by RFLP Analysis.
The polymorphic DNA fragments digested with the restriction
endonuclease Banll hybridized to the pR4-2 probe were 2.9
kilobases long (alÃele1) and 1.5 and 1.4 kilobases long (alÃele

2) (25); three constant fragments (1.2, 0.9, and 0.7 kilobases)
were also detected. We measured the intensity of 2.9- and 1.5-
kilobase fragments and obtained a ratio of 2.9 to 1.5 or 1.5 to
2.9 kilobases which was always expressed as the lesser value
over the represented alÃele;thus the ratio was always smaller
than 1. Eleven of 31 cases showed heteozygous genotypes by
/Â¿Â«/illdigestion of DNA hybridized to the pR4-2 probe. As
shown in Table 2, the ratio of signal intensity of allelic frag
ments in 4 normal tissue DNAs ranged from 0.877 to 0.947,
while that in 11 tumor DNAs ranged from 0.043 to 0.991.
Because allelic loss was considered to have occurred when the
ratio was less than 0.4, it was concluded that the allelic loss
had occurred in 8 tumors (Cases 2, 4, 12, 14, 23, 24, 25, and
29) in which the ratio was below 0.373 and that heterozygosity
was retained in 3 tumors (Cases 6, 7, and 30) in which the ratio
was between 0.926 and 0.991. The hybridization pattern of
tumor DNA showing loss is shown in Fig. 1. The p53 cDNA
probe, pR4-2, also detected Ã„g/II polymorphisms, and two
allelic fragments, 12 (alÃele1) and 9 (alÃele2) kilobases long
(25), in addition to one constant 3-kilobase band were detected.
Nine of 31 tumors showed heterozygous genotypes and the
intensity ratio of allelic fragments was less than 0.4 in 6 of 9
tumors: Cases 2, 4, 12, 14, 17, and 24 (Table 2). As a total, 12
of 31 cases were informative and allelic loss the the p53 gene
was observed in 9 of the 12 informative cases (75%).

Allelic Losses and Mutations of the p53 Gene Detected by
PCR-SSCP Analysis. The results of PCR-SSCP analysis on
exons 2-11 of the p53 gene are summarized in Table 1. It was
previously shown that several types of DNA polymorphisms
could be efficiently detected by PCR-SSCP analysis (13, 26,
27). By this method, it was shown that there are DNA poly
morphisms in the regions within exons 2-3, within exon 4, and
within exons 7-8, so that we were able to detect allelic loss as
a reduced intensity of allelic fragments by PCR-SSCP analysis
(Fig. 2). As in the case of RFLP analysis, allelic loss was
considered to have occurred if the signal intensity of a paired
allelic fragment was less than 40% of the other paired fragments
by PCR-SSCP analysis. In exons 2-3, the heterozygosity was

represented by 4 bands with different mobility; the inner 2
bands (alÃele1, Al) and outer 2 bands (alÃele2, A2) corre
sponded to each alÃeleof the complementary single strand DNA
(Fig. 2A). Allelic loss was observed in 8 of 12 tumors with
heterozygous genotypes: Cases 2, 4, 12, 14, 24, 25, 27, and 29.
In exon 4, 3 bands were observed in patients with heterozygous
genotypes (Fig. 2B). The band on the top (A2) and the band in
the middle (Al) were allelic single strand DNA molecules, and

Table 2 Allelic ratio of the p53 gene locus in ovarian cancer
The ratio of signal intensity of two allelic fragments was calculated as described

in "Materials and Methods."

AllelicratioCase24671214172324252930BanUNormal0.8910.9260.9470.877Tumor0.1370.3630.9260.9840.3730.3220.0430.3400.2680.2360.991BgmNormal

Tumor0.2680.3700.9100.975

0.9570.2870.958

0.3530.3810.3480.880
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LOSSES AND MUTATIONS OF THE p53 GENE IN OVARIAN CANCER

Fig. 1. Alleile loss of the /?5.Jgene detected
by RFLP analysis. DNA from ovarian carci
noma (7")and corresponding normal tissue (N)

was digested with Ban\\ endonuclease and hy
bridized to the p53 cDNA probe. pR4-2. Top
abscissa, patient numbers; right ordinate, the
size of each hybridizing band in kilobase pairs
(kbp). AlÃeles are designated AI or A2 (left
ordinate).

14 23 29 2 4 122425
NTNTNTTTTTT

A2

Â»â€¢9?Â«

kbp

2.9

_
-1.4
"1.2

â€¢¿�-0.9

* -0.7

B
14 29 2. 4_1_224 2527

NTNTTTTTTT

29 1224252731

N T T T T T T

A1 A2 A2
A1

Fig. 2. Allelic losses of the p53 gene detected
by PCR-SSCP analysis. Top abscissa, patient
numbers; polymorphic bands are designated Al
or A2 in exons 2-3 (A), exon 4 (B), and exons
7-8 (C). The signal intensity of either AI or A2
is reduced in tumor samples (7") compared with

that in normal tissue samples (IV).

14 23 29 24 122425

NTNTNTTTTTT

A1 d UA2

the band at the bottom corresponded to each of the comple
mentary strands which were comigrated under this condition.
Signal intensity of 1 of the upper 2 bands was reduced in 9 of
11 hÃ©tÃ©rozygotes:Cases 2, 4, 12, 14, 24, 25, 27, 29, and 31.
Typical cases with alleile losses in this region are shown in Fig.
2B. In exons 7-8, 4 fragments were detected in the case of
heterozygous patients as in the case of exons 2-3. Cases 2, 4,
12, 14, 23, 24, 25, and 29 showed allelic loss by a PCR-SSCP
analysis as well as by a RFLP analysis of Zta/ill-digested DNA
probed to pR4-2 (Figs. 1 and 2C), because the polymorphic site
in intron 7 was represented not only as a ÃŸanllpolymorphism
by RFLP analysis but also as different mobilities by PCR-SSCP
analysis of exons 7-8 (28). Moreover, we were also able to
determine allelic loss in five additional cases with mutations by
a reduced intensity of the corresponding normal fragments as

described below (Cases 3, 10, 11, 15, and 28). Allelic loss of
the p53 gene was detected in 15 of 19 cases (79%) by PCR-
SSCP analysis. In total, allelic loss of the/?5J gene was detected
in 16 of 20 cases (80%) by PCR-SSCP and RFLP analyses.

In 9 of 31 tumors, different mobilities were observed in 1 of
7 PCR fragments (Fig. 3). If a normal alÃeleis retained in the
tumor, the intensity of bands for the mutated alÃeleshould be
the same as or less than that of bands for the normal alÃele.
The intensity of bands with different mobilities was higher than
that of the corresponding normal bands in 8 of 9 cases. This
result indicates the loss of normal alÃelein these tumors. Bands
with the same mobility could originate from normal cell con
tamination in tumor tissue or may be due to heterogeneity of
tumor cells with respect to allelic loss of the p53 gene. In Case
26, the intensity of the band with different mobility was lower
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LOSSES AND MUTATIONS OF THE p53 GENE IN OVARIAN CANCER

than that of the band with no different mobility (Fig. 3C1).
Moreover, information on allelic loss was not available in this
case because of constitutional homozygosity either by RFLP or
PCR-SSCP analysis. Therefore, we were not able to determine
whether the normal alÃeleof the p53 gene was lost in this tumor.

Mutations in Exon 4 of the p53 Gene. Since mutations in
exon 4 have not yet been reported to occur in tumors, we further
sequenced exon 4 of the p53 gene in the tumors from Cases 10
and 25, which showed a mobility shift in exon 4. A 10-base pair
deletion between nucleotides 215 and 224 (GCGTGGCCCC)
was detected in Case 10 (Fig. 4/1), and this deletion resulted in
a premature termination codon (TGA) at nucleotides 365-367
in exon 4. These nucleotide numbers are based on numbering
1 at A of the start codon ATG in p53 complementary DNA
(16). In Case 25, a 1-base pair deletion between nucleotides 333
and 335 (GGG) was detected (Fig. 4B) and this deletion also
resulted in a novel stop codon (TGA) at nucleotides 365-367

in exon 4.
Oncogene Amplification. The amplification of six oncogenes,

erbB-2/HER-2/neu, EGFR, c-myc, N-myc, HST1, and 7AT2,
was examined in these 31 tumors by Southern blot analysis.
Although HSTÃŒ/INT2was coamplified in 1 of 31 tumors (Case
28), amplification of other 4 oncogenes was not detected in
these tumors. The Case 28 tumor showed both loss and muta
tion of the p53 gene.

Clinical and Pathological Features of Tumors with p53 Alter
ations. Staging and histolÃ³gica! typing of tumors were reviewed
with respect to the presence or absence of p53 abnormalities
(Table 1). Allelic loss was observed in three of five informative
cases in stage I, three of four in stage II, six of the six in stage
III, and four of five in stage IV. We compiled statistics on
allelic loss in the histolÃ³gica! type and detected losses in six of
seven serous adenocarcinomas, four of six clear cell adenocar-
cinomas, two of two endometrioid adenocarcinomas, two of
two mixed adenocarcinomas, one of one mature teratoma, one
of one mesoderma! mixed tumor, but none of one embryonal
carcinoma. Mutations were detected in one of nine cases in
stage I, two of four in stage II, three of 12 in stage III, and
three of six in stage IV. Historically, 3 of 10 serous adeno
carcinomas, 2 of 4 endometrioid adenocarcinomas, 3 of 4 mixed
adenocarcinomas, and 1 of 1 malignant mixed mesoderma!
tumor showed p53 mutations, but none of 10 clear cell adeno
carcinomas and neither the mature teratoma nor the embryonal
carcinoma carried mutated p53 genes.

DISCUSSION

We show here frequent allelic loss and mutations of the p53
gene in ovarian cancer by using PCR-SSCP analysis, a sensitive
method for detection of DNA polymorphisms and mutations
in a given sequence (13). Eccles et al. (7) previously reported
that allelic loss of thep53 gene was observed in 54.5% (6 of 11)
of ovarian cancer. In our stu^y, allelic loss of the p53 gene was
detected in 16 of 20 cases (80%) examined and it was commonly
observed from clinical stage I to IV. Therefore, it is likely that
allelic losses of the p53 gene in ovarian cancer are early events
in the clinical course of tumor development. Moreover, we
found 9 cases with mutation of the p53 gene by PCR-SSCP
analysis in these 31 ovarian cancers (29%), and in at least 8 of
these 9 tumors the normal alÃeleof thep53 gene was lost. These
results strongly suggest that loss of normal function of the p53
gene is one of the critical events for the development of ovarian
cancer.

Although amplification of erbB-2/HER-2/neu was reported
to occur in 20-30% of ovarian cancer and to be associated with
poor survival of patients with this disease (1, 2), no amplifica
tion was detected in these 31 tumors. Moreover, two other
oncogenes, INT2 and HST1, were coamplified only in a case
with stage IV (Case 28). Therefore, alterations of the p53 gene
probably occur prior to amplification of these oncogenes.

We analyzed various histolÃ³gica! types of ovarian cancer.
Although alterations of the p53 gene were not confined to one
histolÃ³gica! type, no mutation was detected in ten clear cell
adenocarcinomas, while allelic losses were detected in four of
these six tumors. It is possible that molecular mechanisms for
the development of clear cell adenocarcinoma are different from
those of other types of ovarian cancer.

The incidence of allelic loss was higher than that of mutation.
There are several possible explanations for this result: (a)
mutations may exist in the noncoding regions of the p53 gene
in some tumors, because only coding exons of the p53 gene
were analyzed by PCR-SSCP analysis; (b) there are undetecta-
ble p53 mutations by a PCR-SSCP analysis, since DNA frag
ments with different sequences sometimes comigrate each other
under certain conditions as in the case of exon 4; (c) there are
other tumor suppressor genes than the p53 gene on chromo
some 17, because it has been shown by RFLP analysis that the
distal portion of 17p is lost in breast carcinoma (29) and 17q is
lost in ovarian carcinoma (6, 7).

Although mutations in exons 5-10 of thep53 gene have been
reported to occur frequently in various types of tumors (30),
mutations in exon 4 have not yet been reported. We performed
sequence analysis in two cases which showed a mobility shift in
exon 4 and found novel mutations in exon 4 of the p53 gene.
One was a 10-base pair deletion and the other was a 1-base pair
deletion in exon 4; both mutations resulted in a premature stop

B
10 25

NTT
23 3111528
NTT T T T

C1
26

N T

C2
29

N T

l

N *
""

Fig. 3. Mutations of the p53 gene detected by PCR-SSCP analysis. Mobilities
of DNA fragments amplified from tumor samples (T) were different from those
from normal tissue samples (N) in exon 4 (A), exons 5-6 (B), and exons 7-8
(CI, C2). Arrowheads, mobilities of DNA fragments amplified from normal tissue
samples under these conditions. Top abscissa, patient numbers. Electrophoresis
was performed with glycerol at room temperature (A, B), without glycerol al
room temperature (C/). and without glycerol at 4'C (C2).
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LOSSES AND MUTATIONS OF THE pS3 GENE IN OVARIAN CANCER

Fig. 4. Intragenic deletion in exon 4 of the
p53 gene. A 10-base pair deletion and a 1-base
pair deletion were detected in Case 10 (A) and
Case 25 (B), respectively, by sequencing using
templates from SO to 100 pooled plasmid
clones at first. To confirm these deletions,
sequencing was carried out again using tem
plates from several single clones. Although
sequences of some clones, which were probably
derived from normal cells contaminated in tu
mor tissue, were identical to those of the wild-
type p53 gene published previously (AÃŒ(18),most of the clones carry these deletions (7").

N
AG C T

f

B
N

AG CT A G C T A G C T

codon in exon 4. Since these two cases also showed allelic loss
of thepSS gene by PCR-SSCP and RFLP analyses, it is obvious
that no normal p53 protein was produced in these tumors.
Although the sites of mutations in these tumors were not within
the highly conserved regions of the p53 gene, it is noted that
these deletions eliminate the synthesis of normal p53 proteins
as a result of the appearance of new stop codon before the
regions with conserved sequences.

PCR-SSCP analysis revealed the presence of DNA polymor
phisms in the regions of exons 2-3, 4, and 7-8 of the p53 gene.
By sequence analysis of introns 2 and 7, it was concluded that
polymorphic patterns represented by PCR-SSCP analysis were
completely associated with the sequence polymorphisms in
introns 2 and 7 (28). Polymorphic patterns of exon 4 fragments
were due to sequence polymorphism in condÃ³n 72 [arginine
(CGC) or proline (CCC)] (31, 32). These different patterns for
exons 7-8 by PCR-SSCP analysis completely cosegregated with
ISanll polymorphic patterns by RFLP analysis, and the intensity
ratio of two alÃelesby PCR-SSCP analysis was almost equal to
that by RFLP analysis. Therefore, we were able to evaluate the
presence of allelic loss of the p53 gene by PCR-SSCP analysis.
Moreover, 19 of 31 cases (61%) were informative by PCR-
SSCP analysis, although information was available in only 12
of these 31 tumors (39%) by RFLP analysis.

The p53 gene has been shown to be mutated and lost fre
quently in a wide variety of human cancers, and in this study
we also showed that it is mutated or lost in a high population
of ovarian cancer. A further study should focus on the deter
mination of biological significance of thep53 mutations for the
development of ovarian cancer.
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