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ABSTRACT

In an effort to define the pathogenic relationship between ovarian
neoplasms spanning the clinicopathelogical spectrum from benign to ma-
lignant, the incidence of Ki-ras and p53 mutations was determined in 20
ovarian cystadenomas, 20 low malignant potential (LMP) tumeors of the
ovary, and 23 ovarian carcinomas. Using DNA extracted from paraffin
embedded tissue, polymerase chain reaction amplification, designed re-
striction fragment length polymorphism analysis, and DNA sequencing, 1
cystadenoma (5%), 6 LMP tumeors (30%), and 1 ovarian carcinoma (4%)
demonstrated an activated Ki-ras gene. All of the Ki-ras mutations iden-
tified except one were GGT to GAT transversions at codon 12. One LMP
tumor demonstrated a CAA to CAC transversion at codon 61. Using
polymerase chain reaction/single strand conformational polymorphism,
DNA sequencing, and immunohistochemistry, 11 ovarian carcinomas
(48%) demonstrated a p53 mutation. These mutations included § mis-
sense, 2 nonsense, and 1 frameshift mutation located within exons 6-8 and
3 mutations that were identified only by immunohistochemical staining.
No p53 mutations could be identified in cystadenomas or LMP tumors.
Clinically, the presence of either a Ki-ras or p53 mutation was associated
with advanced stage disease. The pattern of Ki-ras and p53 mutations
appears to distinguish LMP tumors from invasive carcinomas and sug-
gests that they may be separate biological entities.

INTRODUCTION

Epithelial ovarian neoplasms span a clinicopathological spectrum
ranging from ovarian cystadenoma to LMP? tumor of the ovary to
invasive ovarian carcinoma. Although these tumors are comprised of
cells which may share a common origin, each exhibit unique clinical
and histological characteristics (1-3). Ovarian cystadenomas follow a
benign clinical course and lack the cytological and nuclear atypia seen
in LMP tumors and invasive carcinomas. In turn, LMP tumors, which
retain an overall cellular and nuclear architecture similar to invasive
carcinomas and have the ability to metastasize, lack the invasive
histological properties of their fully malignant counterparts (2). While
these clinical and histological features define a spectrum of disease,
the precise pathogenic relationship between these tumors remains
unclear. For instance, some investigators suspect that LMP tumors, as
an intermediate form of malignancy, may be a precursor of invasive
carcinomas (4). However, the observation that LMP tumors follow a
more benign clinical course compared to invasive carcinomas sug-
gests that LMP tumors may be separate biological entities. In addition,
the relationship between ovarian cystadenomas and LMP tumors re-
mains poorly understood. Therefore, a more detailed molecular and
pathological analysis of these neoplasms is required to elucidate their
relationship to one another. The characterization of dominant and
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recessive oncogenes, such as ras and p53, might help demonstrate
important differences or similarities among these tumors.

The ras gene family consists of 3 closely related genes: Ha-ras,
Ki-ras, and N-ras. These genes encode M, 21,000 proteins (p21)
which are localized to the inner plasma cellular membrane, demon-
strate GTPase activity, and appear to be involved in normal cell
receptor signal transduction pathways (5). Mutant p21 produced by
specific amino acid substitutions at codons 12, 13, or 61 results in the
loss of GTPase activity and activation of the gene product (5, 6). ras
mutations are a common occurrence in human cancers. Up to 90% of
pancreatic adenocarcinomas have an activated Ki-ras gene, while
rates of at least 30% have also been reported for non-small cell lung
cancer (Ki-ras), colon cancer (Ki-ras), seminoma (Ki-, N-ras), mel-
anoma (N-ras), and thyroid cancer (all ras genes) (5, 6). In ovarian
neoplasms, only ovarian carcinoma has been systematically studied
for ras gene abnormalities where they appear to be uncommon events
.

The p53 gene encodes a M, 53,000 DNA binding phosphoprotein
which functions as a tumor suppressor gene (8, 9). The loss of wild
type p53 function through single base pair mutations or deletions in
exons 5-8, where several highly conserved domains are located, can
lead to deregulated cellular proliferation and transformation (9, 10).
p53 mutations have been identified in malignancies of the colon, lung,
breast, esophagus, head and neck, and hematopoietic system as well as
soft tissue sarcomas (10, 11). In ovarian neoplasms, mutation and/or
overexpression of the p53 gene have been described previously in
epithelial ovarian carcinomas (12, 13), but only rarely in other ovarian
neoplasms (14).

We determined the frequency of Ki-ras and p53 gene mutations in
a series of ovarian neoplasms in an attempt to define the molecular
relationship between ovarian cystadenomas, LMP tumors of the ovary,
and ovarian carcinoma. Using DNA isolated from paraffin embedded
tissues and PCR amplification, we searched for activated Ki-ras genes
by designed RFLP analysis and DNA sequencing. In addition, p53
mutations within exons 5-8 were identified by PCR amplification,
SSCP analysis, and IHC staining, and characterized by DNA sequenc-
ing.

MATERIALS AND METHODS

Case Selection. Tumor specimens dating from 1985 to 1992 were selected
from the pathology archives at the National Naval Medical Center, Bethesda,
MD. For the LMP tumors and ovarian carcinomas, a surgical stage had pre-
viously been assigned based on the staging system of the International Feder-
ation of Obstetrics and Gynecology. In all of the ovarian cystadenomas, ova-
rian carcinomas, and 19 of 20 LMP tumors, the patients underwent surgery at
the National Naval Medical Center and tissue obtained at the initial surgery
was used for analysis. In one LMP tumor case, secondary cytoreductive sur-
gery was performed for recurrent disease at the National Naval Medical Center
and ovarian tissue from the second surgery was used for analysis. For cases
where a Ki-ras mutation was identified, histologically normal tissue from the
original surgery, if available, was also obtained for analysis.

Histological Analysis and DNA Extraction. All paraffin blocks were se-
rially sectioned: first for H&E staining, second for DNA analysis. and third for
H&E and IHC staining. In this manner. tissue for molecular analysis was
“sandwiched” between two H&E sections to ensure the presence of patholog-
ical tissue. An unstained 8-um section was then deparaffinized and digested as
previously described (15).
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p33 AND Ki-ras MUTATIONS IN OVARIAN NEOPLASMS

PCR Amplification: Ki-ras Gene. PCR was performed by using either a
Perkin Elmer Cetus Mode! 480 thermocycler (Perkin Elmer Cetus, Norwalk,
CT) or Techne Model PHC-3 thermocycler (Techne, Ltd.. Cambridge. United
Kingdom). A 10-u! aliquot of the DNA solution was used for amplification in
a 100-pul volume containing 10 mwm Tris-HCIL. pH 8.3, 50 mm KCI, 1.5 mum
MgCl,, 200 um concentrations of each deoxynucleoside triphosphate. 5 units
of Taq DNA polymerase (Bethesda Research Laboratories, Bethesda, MD), and
0.5 10 1 ug of each oligonucleotide primer (16). Forty amplification cycles
were performed under the following conditions: 94°C for 1 min, 50°C (codon
12) or 55°C (codon 61) for 2 min, and 68°C for 2 min. Oligonucleotide primers
were synthesized by using a DNA synthesizer (Model 380B, Applied Biosys-
tems, Foster City, CA).

Detection of Ki-ras Codons 12, 13, 61 Mutations. Activated Ki-ras genes
were identified by designed RFLP analysis using mismatched primers (16).

Restriction enzyme digestion with the use of 20 ul of the PCR mixture was
performed according to the manufacturer’s recommendations (Banl and Earl,
New England Biolabs, Beverly. MA. B¢/l and Mbol, Bethesda Research Lab-
oratories, Bethesda, MD). DNA fragments were visualized by electrophoresis
through a 3% Nusieve/| % Tris-acetate EDTA-agarose gel. staining with ethid-
ium bromide. and illumination with UV light. The undigested and digested
PCR products were paired side by side during electrophoresis to facilitate
RFLP identification. For cases not demonstrating a mutation of codon 12 or 61
by designed RFLP analysis, DNA sequencing was used for detection of codon
13 mutations.

Detection of Ki-ras Codon 12 Mutations in Ovarian Cystadenomas. In
one of the ovarian cystadenomas, RE digestion of amplified DNA with Banl
yielded a faint, uncut fragment. In order to selectively amplify the uncut DNA
fragment. a nested primer amplification was performed followed by two
rounds of mismatched PCR amplification and RE digestion with Banl. An
initial amplification in a 100-ul volume was performed by using nonmis-
matched primers (16). Two sequential PCR amplifications using mismatched
primers were performed using 1 ul of the PCR product digested with Banl.
After the final Banl digestion. the entire specimen was analyzed on a 3%
Nusieve/1% Tris-acetate EDTA-agarose gel. The uncut DNA fragment was
then removed from the gel. purified (GeneClean, San Diego. CA). and se-
quenced as described below.

PCR/SSCP Analysis for p53 Mutations in Exons 5-8. For PCR/SSCP
analysis, amplified DNA fragments spanning either exons 5 and 6 or exons 7
and 8 were analyzed separately as previously described with slight modifica-
tions (17, 18). In brief. PCR amplification of exons 5 and 6 was performed by
using 3 ul of the sample DNA solution in a 10-ul volume containing 10 mum
Tris-HCl, pH 8.3, 50 mm KCl, 1.5 mm MgCl,, 200 pm concentrations of each
deoxynucleoside triphosphate, 0.5 unit of Tag DNA polymerase. 0.05 10 0.1 ug
of each primer (17). and | ul of [a-**P}dCTP (10 uCi/ul. 3000 Ci/mmol.
Amersham Corp.. Arlington, IL). For exons 7 and 8 PCR amplification, nested
primers were used to improve the overall yield of detectable DNA. An initial
outer nested amplification in a volume of 50 ul was performed by using the
following primers:

5" GACCTCGAGCTCGCGCACTGGCCTCATCTT
5" AAAGAGGCAAGGAAAGGTGATAAAA

A 1-pl aliquot of this solution and the inner nested primers (17) were then used
for the second amplification as described for exon 5-6. For both exons 5-6 and
7-8 (outer and inner nested) amplifications. 35 cycles were performed under
the following conditions: 94°C for 1 min, 60°C (exon 5-6) or 62°C (exon 7-8)
for 1 min, and 72°C for 2 min. In order to separate the individual exons for
SSCP analysis. 2-ul samples of the radiolabeled PCR product were digested
with the Stul (exons 5 and 6) or Dral (exons 7 and 8) according to the
manufacturer’s recommendations (Stul, Bethesda Research Laboratories. and
Dral, New England Biolabs). The RE solutions were then diluted with a
loading buffer {95% formamide. 20 mm EDTA, 0.05% xylene cyanol, and
0.05% bromophenol blue) and heated to 90°C for 5 min. After cooling on ice.
4-ul samples were loaded onto a 6% polyacrylamide-Tris-borate EDTA gel
(exons 5 and 6) or a 6% polyacrylamide-Tris-borate EDTA/2.5% glycerol gel
(exons 7 and 8). Electrophoresis was performed at 25 W constant power at 4°C.
The gel was dried on filter paper and exposed to Kodak X-Omat AR film at
~70°C for 2-12 h with an intensifying screen.

DNA Sequencing of Ki-ras and p53. For Ki-ras codon 12/13 and codon
61, direct sequencing of DNA fragments obtained by PCR was performed by
using an automated DNA sequencer (Model 373A, Applied Biosystems). To
obtain sufficient DNA for sequencing (0.5 1o 1.0 ug). a DNA fragment in-
cluding either codons 12 and 13 or codon 61 was amplified in a 100-ul volume
using nonmismatched primers (15). The amplified DNA was purified by pas-
sage through a Qiagen-20 spin column (Qaigen Inc., Chatsworth, CA). Enzy-
matic sequencing of the PCR product using fluorescent dye labeled dideoxy-
nucleotides was performed by using the Tag DyeDeoxy Terminator Cycle
Sequencing Kit (Applied Biosystems).

For p53 gene sequencing, a DNA fragment containing an individual exon
was obtained by PCR amplification as described above, using the following
primers:

5" GGCCTCTGATTCTCTACTGATTGCT
3’ ATATTGGGGTACTCTACACGTTTCA

exon 6:

exon7: 5' CGCGTGACCGGAGTAGAA
3" CAGTGTGCAGGGTGGCAAGT

exon8: 5 TCTTGCTTCTCTTTTCCTATCCTGA
3" AAATAGTGGAAAGGAACGGAGAAA

The fragment was then cloned by using the TA Cloning System, version 1.3
(Invitrogen Corp., La Jolla, CA). Plasmid isolation and purification was per-
formed using Qiagen Mini columns (Qaigen Inc.). Bidirectional sequencing
using Sp6 and T7 promoter primers (Bethesda Research Laboratories) was
performed as described above.

Immunohistochemistry. A mouse monoclonal antibody, DO-7. directed
against human p53 was used for IHC staining (Dako Corp.. Carpenteria, CA).
Primary incubation was performed overnight at 4°C with 9.5 ug/ml of the
antibody. IHC staining was performed by the avidin-biotinylated peroxidase
complex technique using a Vectastain kit (Vector Laboratories, Burlingame,
CA) according to the manufacturer’s instructions and modified as previously
reported (19). Positive controls included a formalin fixed paraffin embedded
cell pellet of a non-small cell lung cancer cell line (NCI-H1155) known to
express high amounts of mutant p53 protein (20), and a positively staining
primary non-small cell lung cancer. Controls for specificity consisted of the
incubation of serial ovarian tumor sections with: (a) an unrelated mouse
monoclonal antibody, and (&) phosphate buffered saline. Results of the IHC
staining were reviewed without knowledge of the molecular data by four
authors (M. G. T., M. E.. R. I. L., M. J. B.) who scored both for the intensity
of the staining (0, negative: 1, weak; 2, moderate: 3, strong reaction), and the
percentage of positive cells within the tumor. In addition, each specimen was
assessed for the percentage of tumor within each paraffin section.

RESULTS

Clinical Characteristics of Study Patients. A total of 20 cystad-
enomas, 20 LMP tumors, and 23 ovarian carcinomas were selected for
analysis. Although the selection of cases was not random, the clinical
characteristics of the study patients and the pathology of the tumors
(Table 1) were generally consistent with the known behavior of these
diseases in terms of stage distribution, histological findings, and dis-
ease status. All of the patients with an ovarian cystadenoma underwent
at least oophorectomy, and the majority (14 of 20) underwent surgery
because of a postmenopausal adnexal mass. Of the patients with LMP
tumors, 16 of 20 (80%) had surgically defined stage I disease and the
remaining 4 patients had stage IIl disease based on the presence of
microscopic extrapelvic disease. In patients with ovarian carcinoma,
18 of 23 (78%) presented with stage III or IV disease. All patients with
stage III or IV ovarian carcinoma underwent cytoreductive staging
surgery, and following surgery, 10 (56%) had optimal residual disease
(<1 cm residual disease), and 8 (44%) had suboptimal residual dis-
ease (>1 cm residual disease).
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p53 AND Ki-ras MUTATIONS IN OVARIAN NEOPLASMS

Table 1 Clinical characteristics of studv [ s and p logical features of
ovarian neoplasms
Cystadenomas LMP tumors Carcinoma
Age
Range 14-72 18-73 28-74
Mean 51 49.5 573
Histology
Serous 1 11 13
Mucinous 9 8 2
Seromucinous 0 | 0
Clear cell 0 0 5
Endometriod 0 0 2
Transitional 0 0 1
Stage
1 NA“ 16 2
11 NA 0 3
m NA 4 12
v NA 0 6
Total cases 20 20 23

“ NA, not applicable.

Frequency of Activated Ki-ras Genes in Ovarian Neoplasms.
Sixty-three ovarian neoplasms were screened for the presence of
activated Ki-ras genes. Mismatched PCR and Banl digestion of DNA
from 5 LMP tumors and |1 ovarian carcinoma revealed a codon 12
mutation (Fig. 14). In each of these cases, the specific mutation was
identified by a second mismatched PCR amplification and digestion
with Mbol (Fig. 1B). Digestion of amplified mismatched DNA with
Mbol only occurs with a GGT to GAT transversion at codon 12. The
mutation in each of these specimens was confirmed by DNA sequenc-
ing (data not shown). One ovarian cystadenoma demonstrated a weak
uncut DNA fragment (mutant DNA) after Banl digestion. Selective
amplification of the uncut DNA was accomplished by repeated PCR
amplifications and enzymatic digestions. Isolation and sequencing of
the uncut DNA identified a GGT to GAT transversion at codon 12
(data not shown). The small quantity of mutant DNA most likely
reflects the small fraction of tumor cells present in a tumor with a
single cell layer epithelium. Evaluation of the ovarian neoplasms for
codon 61 mutations by digestion of amplified mismatched DNA with
Earl and Bcll revealed only one mutation which occurred in an LMP
tumor (Fig. 1C). The specific mutation was identified by DNA se-
quencing to be a CAA to CAC transversion (data not shown). Finally,
all tumors without a codon 12 or 61 mutation were analyzed for codon
13 mutations by direct sequencing of PCR amplified material and
none were identified (data not shown). Thus, while an activated Ki-ras
gene was identified in only 1 ovarian carcinoma (4%), 6 LMP tumors
(30%) and 1 cystadenoma (5%) demonstrated a Ki-ras mutation
(Table 2). .

To ensure specificity and to exclude the possibility of a germ line
mutation, normal tissue including cervix, myometrium, or the unin-
volved contralateral ovary was also analyzed for the presence of the
Ki-ras mutation identified in the corresponding tumor specimen. No
Ki-ras mutations in histologically normal tissue were identified (data
not shown).

Clinical Characteristics of Study Patients and Pathological Fea-
tures of Ovarian Neoplasms with Activated Ki-ras Genes. LMP
tumors with an activated Ki-ras gene were evenly divided between
serous and mucinous histology (Table 2). A trend toward advanced
stage disease was seen in patients with activated Ki-ras genes where
2 of 4 patients (50%) with stage III disease had a activated Ki-ras gene
compared with 4 of 16 patients (25%) with localized disease. In
addition, the only patient with recurrent disease had an activated
Ki-ras gene. The one patient with ovarian carcinoma and an activated
Ki-ras gene had stage Ic disease and died of recurrent disease 23
months following initial diagnosis and treatment.

Frequency of p53 Mutations in Ovarian Neoplasms by PCR/
SSCP. PCR/SSCP analysis of the 63 ovarian neoplasms for p53 mu-
tations revealed abnormal SSCP patterns in 9 ovarian carcinomas
(39%), 1 ovarian cystadenoma (5%}, and none of the LMP tumors. To
confirm and determine the specific nature of these mutations, ail
tumors which demonstrated an abnormal SSCP pattern were se-
quenced (Table 3). Five ovarian carcinomas demonstrated mutations
in exon 6 (Fig. 2), 2 in exon 8 (data not shown), and | in exon 7 (data
not shown). Five missense mutations, 2 nonsense mutations, and 1
frameshift mutation (leading to a downstream termination codon)
were localized between codons 189 and 273. Two of the 8 mutations
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Fig. 1. Detection and identification of Ki-ras codon 12 and 61 mutations in LMP
umors. (A) Banl digestion of amplified DNA from LMP tumors. DNA from LMP tumors
and previously characterized non-small cell lung cancers, NCI-H441 and NCI-HI155
(16), were amplified with mismatched primers and analyzed as described in “Materials
and Methods.” Digested (+) and undigested (<) ples are paired. The LMP tumors
(M28, M32, M40, M43, M55) and an ovarian carcinoma (M82) demonstrate nondigested
(mutation) and digested (normal) fragments. The digested fragment may reflect the pres-
ence of normal stromal tissue DNA and/or a normal Ki-ras allele. NCI-H441 has a known
codon 12 mutation. NCI-H1155 and an LMP tumor, M41, have a normal Ki-ras codon 12.
(B) Mbol digestion of amplified DNA from LMP tumors. The same specimens and a
previously characterized non-small cell lung cancer, NCI-H23 (16), were amplified with
mismatched primers and analyzed as described in “Materials and Methods.” The LMP
wmors (M28, M32, M40, M43, M55) and an ovarian carcinoma (M82) demonstrate
nondigested (normal) and digested ( ) frag NCI-H23 has a normal Ki-ras
codon 12. (C) Earl digestion of amplified DNA from LMP tumors. DNA from LMP
tumors and NCI-H1{55 were amplified with mismatched primers and analyzed as de-
scribed in “Materials and Methods.™ Digested (+) and undigested (-) samples are paired.
An LMP tumor (M45) and NCI-H1155 demonstrate a nondigested (mutant) fragment.
NCI-H1155 has a known codon 61 mutation. M53 (an LMP tumor) has a normal Ki-ras
codon 61.

L

Table 2 Identification of activated Ki-ras genes in ovarian neoplasms

Ovarian FIGO“ Tumor
neoplasm stage histology Codon Mutation
Cystadenoma
M99 Mucinous 12 GGT — GAT
LMP tumor
M28 1 Serous 12 GGT — GAT
M32 1 Seromucinous 12 GGT — GAT
M40 I Serous 12 GGT — GAT
M43 []1) Serous 12 GGT — GAT
MSsS I Mucinous 12 GGT — GAT
M45 1 Mucinous 61 CAA — CAC
Carcinoma
M82 I Clear cell 12 GGT — GAT

“ FIGO, Intemnational Federation of Obstetrics and Gynecology.
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Table 3 Ovarian carcinomas with p53 mutations by PCR/SSCP and DNA

I

heomiral
nemical

q ing or i

Molecular analysis

DNA sequencing

Tumor FIGO“ Residual % of tumor % of Tumor cells
code stage Histology disease” SSCP Codon Base change in section” staining positive?
Missense
MI9 Il Transitional (6] Exon 6 215 AGT — ATT: Ser to lle >75 50
M78 1 Serous (o] Exon 7 237 ATG — ATA; Met to lle >75 100
M37 v Serous o] Exon 8 273 CGT — CAT; Arg to His >75 30
M52 v Serous (o] Exon 8 266 GGA — GTA; Gly to Val 20 100
MS5] [11) Clear cell (o] Exon 6 189 GCC — CCC: Ala to Pro >75 0
Nonsense
M2 v Serous S Exon 6 224 GAG — TAG: Glu to Stop >75 0
M23 i Serous S Exon 6 205 TAT — TAG: Tyr to Stop >75 0
Frameshift
M76 m Serous (o] Exon 6 212 TTT — TT. | base pair deletion® >75 0
Undetermined
M21 v Endometriod S Normal NT 50 15
M74 v Serous S Normal’ NT 10 10
M77 11} Mucinous S Normal NT 20 10

“ FIGO, International Federation of Obstetrics and Gynecology: NT, not tested.
® Following cytoreductive surgery, O: optimal residual <1 cm, S: suboptimal >1 cm.

¢ Percentage of each paraffin section demonstrating malignant tissue was estimated by light microscopy of H&E sections.
4 Percentage of tumor cells within a specimen with positive nuclear staining estimated by light microscopy. In the cases with positive staining, intensity ranged from moderate to

strong.
 This frameshift mutation leads to a termination codon at 215.
/ Minor abnormal SSCP bands were noted in exon 8, but were scored as normal.

Tumor
NL1234586

78 910

Fig. 2. Detection of p53 exon 6 mutations in ovarian carcinomas. The SSCP pattern of
pS3 exon 6 in a series of ovarian carcinomas is shown. Lanes /-6 and Lanes 7-10 are
separate gels. The abnormal patterns in Lanes 2, 5, 6, 8, and 9 correspond to tumors M19,
M22, M23, M51. and M76, respectively (Table 3). Tumor M79 shown in Lane 7 has a
neutral polymorphism of exon 6 (21).

(M37 and M78) were present in highly conserved domains within
exons 5-8 (10). No particular type of mutation predominated, al-
though G:C to A:T or T:A transversions were present in 5 cases. One
case (M37) demonstrated a known “hotspot™ mutation at a CpG di-
nucleotide at codon 273 (10). Identical exon 6 SSCP abnormalities
were identified in an ovarian carcinoma (M79; Fig. 2) and an ovarian
cystadenoma (M95, data not shown). Both of these tumors were
sequenced and both demonstrated a CGA to CGG transversion at
codon 213. This transversion has been identified by others as a neutral
polymorphism of the p53 gene (21). To validate the reliability of SSCP
in identifying wild type p53, specimen MI8 (carcinoma) and M56
(LMP tumor), which demonstrated normal exon 6 and exon 7 patterns,
respectively, on SSCP, were shown by DNA sequencing to have the
normal sequence (data not shown). In comparing all cases with either
a Ki-ras or p53 mutation, there were no tumors which demonstrated
both a Ki-ras and p53 mutation.

Frequency of p53 Mutations in Ovarian Carcinomas by IHC
Staining. Since p53 mutations were identified only in ovarian carci-
nomas, further study of this group of tumors by IHC staining was
undertaken for confirmation of the molecular analysis. Positive stain-
ing for p53 was seen in 7 of 23 ovarian carcinomas (Table 3). Four of
the 7 cases (M19, M52, M76, M78) had been identified by unequiv-
ocally abnormal SSCP patterns and were shown to have missense
mutations by DNA sequencing. The staining in these 4 cases was very
intense and comprised a substantial percentage of the tumor cells.
Interestingly, the other three positive cases (M21, M74, M77) had
intense but focal p53 staining. The SSCP results for two specimens

(M74, M77) revealed only faint band shifts in exon 8 which could not
be convincingly distinguished from background. The other case
(M21) was normal by SSCP analysis. In addition, no staining was
observed in 4 cases where SSCP and DNA sequencing had identified
the presence of a mutation. These cases included 3 nonsense mutations
(M22, M23, M76) and one missense mutation (M51). The lack of
staining in the latter case may have been related to suboptimal tissue
preservation seen on H&E staining.

With the molecular and ITHC analysis combined, a total of 11 of 23
ovarian carcinomas (48%) were identified with a mutation of the p53
gene.

Clinical Characteristics of Study Patients and Pathological Fea-
tures of Ovarian Neoplasms with p53 Mutations. In the 11 ovarian
carcinomas with a p53 mutation (Table 3), several histological types
were represented: 7 serous (64%), 1 clear cell (9%), 1 transitional cell
(9%), 1 endometriod (9%), and 1 mucinous (9%) tumors. As noted
with Ki-ras and LMP tumors, a trend toward advanced stage disease
was seen in patients with a p53 mutation where 11 of 18 patients
(61%) with stage III/IV disease had a p53 mutation in contrast to 0 of
5 patients with stage I/II disease. Additionally, 6 of 11 stage IITV
patients (55%) with a p53 mutation had optimal residual disease
following cytoreductive surgery, compared to 4 of 7 (57%) without a
p53 mutation.

Clinical follow-up information was available for 22 of 23 patients
with ovarian carcinoma. Although the number of cases was small and
precluded a statistical analysis, median survival time was determined
for patients according to stage and p53 status. With a mean follow-up
time of 30.8 months (range, 1 to 73 months), the median survival for
the 17 patients with stage III/IV disease was 37 months. For the 10
patients with a p53 mutation, clinical follow-up was available for 9
patients (all stage 1I/IV). The overall median survival for these 9
patients was 45 months (mean follow-up, 43 months), while the 8
stage III/IV patients without a p53 mutation had a median survival of
26 months.

DISCUSSION

In the present study, the incidence of Ki-ras and p53 gene mutations
was determined in a series of ovarian neoplasms spanning the histo-
logical spectrum from benign to malignant. We found that activated
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Ki-ras genes occur at a higher frequency in LMP tumors (30%) than
in ovarian carcinoma (4%), and that p53 mutations only occur in
ovarian carcinoma (48%) and not in ovarian cystadenomas or LMP
tumors.

In ovarian carcinoma, previous work has indicated that ras gene
amplification or mutation appears to be uncommon with a combined
incidence of 5-10% (7). Although Zhou et al. (22) reported Ki-ras
amplification in 3 of 7 (41%) ovarian carcinomas, subsequent studies
have not confirmed this observation (23-26). Recently, Enomoto et al.
(27) reported the presence of an activated Ki-ras gene in 10 of 31
epithelial ovarian carcinomas, however, the majority of these cases
had mucinous histology which actually represents only 15% of ova-
rian carcinomas (2). In fact, only 3 nonmucinous tumors in their study
had an activated Ki-ras gene. Therefore, our result demonstrating an
activated Ki-ras gene in 1 of 23 ovarian carcinomas (4%) appears
consistent with these published results and suggests that activated ras
genes are not of major importance in the pathogenesis of this disease.

The specific role of the ras gene in other ovarian neoplasms has not
been systematically explored. Yaginuma er al. (28) has described the
overexpression of the ras p21 oncoprotein in several benign and LMP
tumors of the ovary. Enomoto et al. (27) also reported a single case of
a mucinous LMP tumor with an activated Ki-ras gene. However, the
incidence of activated ras genes in ovarian cystadenomas or LMP
tumors cannot be accurately determined from these studies. Our study
suggests that 30% of LMP tumors have an activated Ki-ras gene.
Thus, while the ras gene appears to play a minor role in the patho-
genesis of invasive ovarian carcinoma. our data suggest that it might
be more important in LMP tumors. Additionally, the identification of
an activated Ki-ras gene in a benign ovarian tumor is of interest. Other
benign tumors have been identified with activating ras mutations,
including approximately 40% of colonic adenomas which are known
precursors of colon carcinoma (29). Whether ovarian cystadenomas
with activated ras genes behave differently from those with a normal
ras gene will require further analysis of a larger number of specimens.
In addition, the finding of an activated Ki-ras gene in an ovarian
cystadenoma emphasizes the sensitivity of our designed RFLP assay.
In this particular case, the abnormal epithelium represented only a
small fraction of the total amount of the paraffin embedded tissue.
Through the use of repeated cycles of PCR amplification and enzyme
digestion, the mutant DNA band was selectively amplified in order to
obtain a sufficient quantity of DNA for sequencing. This technique
allowed us to detect mutant DNA that comprised only 5% of the total
DNA content of the sample. It is conceivable that conditions could be
designed to further improve the efficiency of this technique such that
even smaller quantities of mutated ras gene could be identified.

The PCR/SSCP technique for identifying p53 mutations relies on
the conformational molecular changes resulting from base sequence
alterations. Using this approach. we identified mutations in 8 of 23
ovarian carcinomas (35%), a finding consistent with the previous
observations by Mazars er al. (13) who used a similar technique.
However, the incidence of p53 mutations detected by PCR/SSCP can
be underestimated due to electrophoretically silent mutations, muta-
tions outside of exons 5-8, and the overall sensitivity of the assay. As
a result, we were interested in confirming and comparing our PCR/
SSCP findings in ovarian carcinoma with an independent assay such
as IHC staining. This technique detects p53 mutations by virtue of the
fact that mutation of the gene frequently results in prolongation of
protein half-life (9, 12, 20). Of interest, three cases with equivocal or
normal SSCP findings had focally intense staining. In all three cases,
<10% of the paraffin embedded tissue stained positively for p53.
Thus, the molecular analysis may not detect mutations in specimens
with a small percentage of cells which contain the mutant p53 gene.
Conversely, we found no p53 staining in 3 cases with unequivocally

abnormal SSCP patterns which were identified as having nonsense
mutations by DNA sequencing. This type of mutation, which would
result in a truncated form of the protein, has been shown previously as
not being detectable by IHC analysis (20). Thus, our findings suggest
that these two techniques are complementary and, in our sampling of
cases, identified an overall incidence of p53 mutations in ovarian
carcinoma of 48%. This finding is similar to that reported by Marks et
al. (12), who demonstrated in a much larger sampling of cases, over-
expression of p53 protein in 50% of ovarian carcinomas.

Of interest, we were unable to detect any p53 mutations in cysta-
denomas and LMP tumors. This suggests that either LMP tumors are
a discrete biological entity separate from ovarian carcinoma which
follow a different molecular pathway leading to malignant transfor-
mation, or that LMP tumors are a precursor of ovarian carcinoma
which acquire a p53 mutation at a later stage in malignant transfor-
mation. Our finding of a higher incidence of activated Ki-ras genes in
LMP tumors strongly supports the former hypothesis. The molecular
data are also in agreement with the clinical observation that LMP
tumors rarely progress to invasive carcinoma and have a favorable
prognosis compared to carcinoma (1. 3). Further. the finding of an
activated Ki-ras gene and the lack of p53 mutations in benign tumors
of the ovary suggest that LMP tumors and ovarian cystadenomas may
be more closely related to each other than to ovarian carcinoma.

In LMP tumors, although the number of cases is small, the presence
of an activated Ki-ras gene was more common in patients with ad-
vanced stage disease. In fact, the only patient with recurrent disease
had stage III disease and an activated Ki-ras gene in contrast to no
recurrences in the other 14 patients without a Ki-ras mutation. No
further comment can be made regarding Ki-ras mutations and prog-
nosis, since as a whole, patients with LMP tumors have a favorable
long term prognosis, as was observed in our study group (1, 4). In
patients with ovarian carcinoma, correlation of p53 status with known
prognostic variables revealed that p53 mutations were more common
in patients with advanced stage disease. but not in cases with subop-
timal residual disease. Additionally, while median survival in patients
with a p53 mutation appeared to be improved over those without a p53
mutation, the relatively small sample size and the nonrandom selec-
tion of cases limit the value of this correlation.

In conclusion. this study identifies different patterns of oncogene
mutations which help distinguish LMP tumors from ovarian carci-
noma and suggests that each may follow a different molecular devel-
opmental pathway. It would also appear that activated Ki-ras genes
are more frequent in advanced stage LMP tumors of the ovary and that
p53 mutations are more common in advanced stage ovarian carcino-
mas. From a practical standpoint, this pattern of oncogene mutations
may be usefu! in distinguishing LMP tumors from ovarian carcino-
mas. An analysis of this type may have clinical utility in cases of low
grade ovarian malignancies where the exact histopathological diag-
nosis is unclear. Further study of a wider sampling of cases will be
necessary before a definitive statement can be made concerning the
precise role and prognostic significance of either Ki-ras or p53
mutations in ovarian neoplasms.

ACKNOWLEDGMENTS

The authors would like to thank P. Brown, E. Szabo, A. Sabichi. S. Lemon,
and K. Hall for their critical review of this manuscript, and J. Mulshine for his
generous suppon of this study.

REFERENCES

1. Morrow. C. P. Malignant and borderline epithelial tumors of the ovary: clinical
features. staging, diagnosis, intraoperative assessment and review of management. In:
M. Coppleson (ed.). Gynecologic Oncology. pp. 889-915. Edinburgh: Churchill Liv-
ingston, 1992.

3107

220z isnbny pg uo ysanb Aq ypd-€0LEEL0EG040/90905+2/€0 | £/€ L/ES/PA-al0E/SBII80UED/BI0" S[EUINOIOR.)/:d)Y WOl papeojumOq



p53 AND Ki-ras MUTATIONS IN

. Hart, W. R. Pathology of malignant and borderline (low malignant potential) epithelial

tumors of the ovary. In: M. Coppleson (ed.), Gynecologic Oncology, pp. 863-887.
Edinburgh: Churchill Livingston, 1992.

. Ozols, R. F., Rubin, S. C., Dembo, A. J., and Robboy, S. J. Epithelial ovarian cancer.

In: W. ). Hoskins, C. A. Perez, and R. C. Young (eds.), Principles and Practice of
Gynecologic Oncology. pp. 731-781. Philadelphia: J. B. Lippincott, 1992

. Puls, L. E., Powell, D. E., Depreist, P. D., et al. Transition from benign to malignant

epithelium in mucinous and serous ovarian cystadenocarcinoma. Gynecol Oncol., 47:
53-57, 1992.

. McCormick, F. ras oncogenes. /n: R. Weinberg (ed.), Oncogenes and the Molecular

Origins of Cancer, pp. 125-145. Cold Spring Harbor, NY: Cold Spring Harbor Press,
1989.
Bos, J. L. ras oncogenes in human cancer: a review. Cancer Res., 49: 46824689,
1989.

. Berchuck, A., Kohler, M. F,, and Bast, R. C. Oncogenes in ovarian cancer. Hematol.

Oncol. Clinics N. Am., 6: 813-825, 1992.

. Lane, D. P. p53, guardian of the genome. Nature (Lond.), 358: 15-16, 1992.
. Vogelstein, B., and Kinzler, K. W. p53 function and dysfunction. Cell, 70: 523-526,

1992.

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

cancers. Science (Washington DC), 253: 49-53, 1991.

. Nigro, J. M., Baker, S. J., Bigner, S. H. er al. Mutations in the p53 gene occur in

diverse tumor types. Nature (Lond.), 342: 705-708. 1989.

. Marks, J. R., Davidoff, A. M., Kems, B. J., er al. Overexpression and mutation of p53

in epithelial ovarian cancer. Cancer Res., 5/: 2979-2984, 1991.

. Mazars, R., Pujol, P, Maudelonde, T., er al. p53 mutations in ovarian cancer: a late

event? Oncogene, 9: 1685-1690, 1991.

. Kihana, T., Tsuda, H., Teshima, S., er al. High incidence of p53 gene mutation in

human ovarian cancer and its association with nuclear accumulation of p53 protein
and tumor DNA aneuploidy. Jpn. J. Cancer Res., 83: 978-984, 1992,

. Wright, D. K., and Manos, M. M. Sample preparation from paraffin-embedded

tissues. Ja: M. A. Innis, D. H. Gelfand, J. J. Sninsky, and T. J. White (eds.). PCR
Protocols, A Guide to Methods and Applications, pp. 153-166. New York: Harcourt
Brace Jovanovich, 1990.

16

20.
21.
22,
23.

24.

25.

26.

27.

28.

29.

3108

OVARIAN NEOPLASMS

. Mitsudomi, T., Viallet, J., Mulshine, J. L., et al. Mutations of ras genes distinguish a
subset of non small-cell lung cancer cell lines from small-cell lung cancer cell lines.
Oncogene, 6: 1353-1362, 1991.

. Mitsudomi, T., Steinberg, S. M., Nau, M. M., et al. p53 gene mutations in non-small
cell lung cancer cell lines and their correlation with the presence of ras mutations and

linical fe Oncog 7: 171-180, 1992.

. Osbourne, G. R., Merlo, G. R., Mitsudomi, T., et al. Mutations in the p53 gene in
primary human breast cancers. Cancer Res., 5/: 6194-6198, 1991.

. Linnoila, R. I, Mulshine, J. L., Steinberg, S. M., er al. Neuroendocrine differentiation

in endocrine and nonendocrine lung carcinomas. Am. J. Clin. Pathol., 90: 641-652,

1988.

Bodner, S. M., Minna, J. D, Jensen, S. M., er al. Expression of mutant p53 proteins

in lung cancer correlates with the class of p53 mutation. Oncogene, 7: 743-749, 1992.

Carbone, D., Chiba, I., and Mitsudomi, T. Polymorphism at codon 213 within the p53

gene. Oncogene, 9: 1691-1692, 1991.

Zhou, D., Gonzales-Cadaviv, N., Ahuja, H., et al. A unique pattern of protooncogene

abnormalities in ovarian adenocarcinomas. Cancer (Phila.), 62: 1573-1576, 1988.

Boltz, E., Kefford, R., Leary, J., er al. Amplification of c-ras-Ki oncogene in human

ovarian tumors. Int. J. Cancer, 43: 428-430, 1989.

Smith, D., Groff, D., Potkul, R., et al. Determination of cellular oncogene rearrange-

ment of amplification in ovarian adenocarcinomas. Am. J. Obstet. Gynecol., 161:

911-915, 1989.

van't Veer, L., Hermens, R., and van den Berg-Baker, L. ras oncogene activation in

human ovarian carcinoma. Oncogene, 2: 157-165, 1988.

Fukomoto, M., Estensen, R., Sha, L, ef al. Association of K-ras with amplified DNA

sequences detected in human ovarian carcinomas by a modified in-gel renaturation

assay. Cancer Res., 49: 1693-1697, 1989.

Enomoto, T., Weghorst, C. M., Inoue, M., er al. K-ras activation occurs frequently in

mucinous adenocarcinomas and rarely in other common epithelial tumors of the

human ovary. Am. J. Pathol., 739: 777-785, 1991.

Yaginuma, Y., Yamashita, K., Kuzumaki, N., et al. ras oncogene product expression

and prognosis of human ovarian tumors. Gynecol. Oncol., 46: 45-50, 1992.

Vogelstein, B., Fearon, E. R., Hamilion, S. R., er al. Genetic alterations during

colorectal-tumnor development. N. Engl. J. Med., 3/9: 525-532, 1988.

220z isnbny pg uo ysanb Aq ypd-€0LEEL0EG040/90905+2/€0 | £/€ L/ES/PA-al0E/SBII80UED/BI0" S[EUINOIOR.)/:d)Y WOl papeojumOq



