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Abstract

The mutation of K-ras protooncogene was examined in 44 cases of

borderline ovarian epithelial tumors and 18 cases of invasive ovarian
carcinomas. In borderline tumors, K-ras mutations are a common feature,

having been found in 21 of 44 cases (48%). Twenty of the 21 mutations
were identified at codon 12, and one was identified at codon 13. A detailed
analysis of the mutation pattern of K-ras revealed a close association with
the histolÃ³gica! cell types of the tumor. Mutation of K-ras was detected at

a higher frequency in mucinous borderline tumor (identified in 12 of 19
cases) compared to serous borderline tumor (identified in 9 of 25 cases).
K-ras mutation was also detected in invasive mucinous and serous ovarian

carcinomas, hence supporting the notion that borderline ovarian tumors
may represent a pathological continuum between benign and frankly
invasive diseases.

Introduction

It has long been known to gynecologists and pathologists that the
traditional classification of ovarian tumors into benign and malignant
forms cannot be applied to all common epithelial ovarian neoplasms.
There exists a group of epithelial ovarian tumors which are of inter
mediate malignant potential and which have an exceptionally good
prognosis and high rate of survival (1. 2). The acceptance of this
intermediate group was formalized in the 1961 classification of the
International Federation of Gynecology and Obstetrics (3) and later in
the WHO histolÃ³gica! classification of ovarian tumors (4) as "epithe
lial ovarian tumors of borderline malignancy." For clarity, these tu

mors will be referred to as borderline epithelial ovarian tumors. Ac
cording to the WHO classification, borderline epithelial ovarian
tumors show an unusual degree of proliferation of epithelial cells,
greater than that seen in benign tumors of the same cell type, but
without destructive stromal invasion. Borderline epithelial tumors
corresponding to the different histological subtypes of invasive ova
rian carcinoma have been described (5. 6). By far the most common
forms are the serous (60%) and mucinous (34%) types, with en-

dometrioid, clear cell, Brenner, and mixed epithelial types making up
the remaining 6%. The molecular genetics of these tumors is poorly
understood. K-ra.c mutation is commonly present in human adenocar-

cinomas originating at several sites including colon, lung, and pan
creas (7). Most ovarian epithelial carcinomas are adenocarcinoma.
Because of the special pathological and clinical characteristics of
borderline epithelial ovarian tumors, characterization of genetic alter
ations in these tumors may give insight into the early tumorigenic
events affecting the ovarian epithelium. K-ras mutations have been
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detected in premalignant colon epithelium and may represent an early
genetic event in the development of colon carcinomas (8). This find
ing has prompted us to investigate the possible involvement of K-ra.v

mutation in borderline epithelial ovarian tumors.

Materials and Methods

DNA Extraction. DNA was extracted from archival material which had
previously been fixed in formalin and embedded in paraffin. A total of 44 cases
of borderline ovarian epithelial tumors (33 cases obtained from the Massachu
setts General Hospital and 11 cases from the Brigham and Women's Hospital)
and 18 cases of ovarian carcinomas (all from the Brigham and Women's

Hospital) were used in this study. The histopathological diagnosis was con
firmed by a review of the hematoxylin-eosin-stained sections. The tumors were

classified utilizing the WHO criteria for ovarian tumors (4). Blocks containing
predominantly tumor tissue were chosen for analysis; in some cases with more
focal tumor involvement, the area of tumor was circled and trimmed from the
block prior to DNA extraction. Fifteen to 20 sections (5 urn thick) from each
specimen block were used for DNA extraction. Deparaffmization was accom
plished by washing the sectioned tissue with xylene followed by absolute
alcohol. The deparaffinized tissue was then digested overnight at 50Â°Cin 25 ml

of digestion buffer (0. l MNaCl: 10 min Tris, pH 8: 25 HIMEDTA: 0.59r sodium
dodecyl sulfate; 0.1 mg/ml proteinase K). The digested tissue was extracted
two to three times with equal volumes of a phenol/chloroform mixture, and the
DNA was precipitated with 2.2 volumes of ice-cold alcohol in the presence of

0.3 M sodium acetate.
PCR-SSCP Analysis. Mutation of K-ra.vprotooncogene was examined by

means of PCR-SSCP3 analysis according to published procedures (9). Two

K-ra.v gene sequences, codons 1-36 and 38-80, were amplified from the tumor

DNA by PCR using primers flanking the sequences of interest. The PCR
products were then analyzed by a 6% polyacrylamide gel run at 30 W at 4Â°C.

The K-ra.v gene fragment which carries a point mutation was identified from
the wild-type K-ra.v gene fragment by the shifted mobility shown in the

polyacrylamide gel.
Direct Cycle Sequencing of PCR Product. Guided by the results of the

SSCP analysis, tumor DNA which contains a mutated K-ra.v sequence was

reamplified for DNA sequencing. The reamplified DNA (0.1 u.g) was used as
template for direct cycle sequencing. The same set of primers was used for both
PCR and the cycle sequencing reaction. The primer of the corresponding
region of K-ra.v gene was end labeled with |7-'2P]ATP by T4 polynucleotide

kinase, and the cycle sequencing reaction was carried out according to the
manufacturer's instructions (US Biochemical Corp., Cleveland. OH). The K-

ra.v mutation was confirmed by sequencing both sense and antisense comple
mentary DNA strands in an 8% polyacrylamide gel containing 7 M urea.

Results

The status of K-ra.v mutations in 44 borderline ovarian epithelial

tumors and in 18 invasive ovarian epithelial carcinomas was analyzed
by PCR-SSCP analysis and direct double-stranded DNA sequencing.
The mobility patterns of both the wild-type and the mutated K-ra.v

sequence in the SSCP gel are shown in Fig. 1. Five migration patterns

1The abbreviations used are: PCR, polyrnerase chain reaction; SSCP. single-strand

conformation polymorphism.
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Fig. 1. PCR-SSCP analysis of K-ra.v mutation in

human borderline ovarian tumor. N. normal control:

7, tumor. B22. B47, B57. and B59 are mucinous
borderline tumors; B39, B42. and B57 are serous

borderline tumors; B17. B18, B19. B27. and ES9
are serous carcinomas; B2U and ES 10 are en-

dometrioid carcinomas; ES8 is a clear cell carci
noma; ES6 is a mixed (serous-mueinous) carcino

ma. Five pattern of mobility shut of K-ras DNA

Iragment can be seen (see text for detail).
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on the SSCP gel analysis were found to correspond to five different
types of mutation and are represented by (a) samples B17T, B 1ST.
B27T. B57T. and B59T; (/Â»sample B22T: (r) sample B39T and
B47T: (</) sample B42T; and (e) sample ES6T. The mobility of the
wild-type K-ra.v sequence of control DNA in the SSCP gel is repre

sented by samples BI7N. B19N. BI8N, B22N, B27N. and B39N.
The presence of mutations in the K-ra.v sequences with shifted

mobility in the SSCP gel were confirmed by direct cycle sequencing
(Fig. 2). A total shift in mobility of the PCR product was observed in
BI8T, suggesting the complete loss of the normal alÃeleof K-ra.v. In
most of the other cases examined, both the wild-type and mutated
K-ra.v sequences were present within the same specimen. This may
represent a mutation in one of the two allelic copies of the K-ra.v gene

in the tumor specimen.
Since borderline ovarian tumors commonly comprise a mixture of

stromul and tumor cells, the presence of a wild-type K-ra.v sequence

may also reflect contamination by stromal cells present in the tumor

specimen. Use of the SSCP gel offers an advantage in that mutation of
K-ra.v gene can still be detected even in the presence of contamination
by stromal cells, since the mutated and wild-type K-ra.v DNAs migrate

with different mobilities in the SSCP gel.
All of the K-ra.s mutations detected on the SSCP gel analysis were

subsequently confirmed by direct cycle sequencing; the results are
summarized in Table 1. A K-ra.v mutation was detected in 21 of 44
borderline tumors (48%). The common codon involved in the K-ra.v

mutation was codon 12, which was detected in 20 of 21 cases. Of the
20 cases with K-ra.v mutation at codon 12, 16 involved a nucleotide

change from GOT to GTT (glycine to valine), three cases involved a
change from GGT to GAT (glycine to aspartic acid), and one case
involved a change from GGT to TOT (glycine to cysteine). Mutation
at codon 13 was detected in one of 21 cases (GGC to GAC; glycine
to aspartic acid), and no mutation at codon 61 was identified.

K-ras mutation was more commonly observed in mucinous than in

serous borderline ovarian tumors and was detected in 12 of 19 cases

N B22T B27T

Fig. 2. Determination of K-ra.v mutation by direct cycle-sequencing.

N, normal control; T. tumor. B22T is a mucinous borderline tumor with

a mutation at codon 13 involving nucleotide change from GGC to GAC;
B27T is a serous adenocarcinoma with a mutation at codon 12 involving
nucleotide change from GGT to GTT; B39T is a serous borderline tumor
with a mutation at codon 12 involving a nucleotide change from GGT

to GAT; B42T is another serous borderline tumor with a mutation at
codon 12 involving a nucleotide change from GGT to TGT; ES6T is a
mixed carcinoma (serous-mucinous) with a mutation at codon 12 in

volving a nucleotide change from GGT to CGT.
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Table 1 Mutation of K-ras gene in human epithelial ovarian tumors

Caseno.1*2*3*4567*8*9*10*11*12*13*14*15*161718*19*20*21*22232425*26"2728*29*30*31*32*3334*35*36373839*40*41*42*43*44*454647484950515253545556575859Ml6162SpecimenB05BIOBI2B22AB33AB38AB49B50B51BSSB57B59B60B6IB62B08B
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" International Federation of Gy
'' Specimens obtained from M

necology and Obstetrics,
sachusetts General Hospital.

(63%) (P < 0.07; Fisher exact test). K-ras mutations were detected in

all clinical stages (I to III) of borderline mucinous tumors but was less
common in the serous borderline tumors, being detected in only 9 of
25 cases (36%). However, K-mx mutation are associated with serous

borderline tumors at advanced clinical stages, being detected in 7 of
12 cases (58%) of stage II/III of serous borderline tumors as compared
to 2 of 13 cases (15%) of stage I tumors (P < 0.03; Fisher exact test).

K-ras mutation was also been examined in 18 cases of invasive
ovarian epithelial carcinomas (Table 1). A K-ras mutation was de

tected in 3 of 4 cases of mucinous ovarian carcinomas (75%) in both
stage I and III diseases and in one case of mixed adenocarcinomas that

had a mucinous cellular component (case no. 62). Three of 10 invasive
serous carcinomas (30%) have a K-ras mutation, and all mutations
were found in stage III disease. No K-ras mutation was identified in

the small number of other histolÃ³gica! types of invasive ovarian car
cinomas.

Discussion

This report describes the first comprehensive study of K-ras mu

tation in borderline ovarian epithelial tumors. In our study, which
included a total of 44 borderline ovarian tumors, we found K-ras

1491

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/53/7/1489/2453628/cr0530071489.pdf by guest on 19 M

ay 2023



K-ra.i MUTATION IN OVARIAN TUMORS

mutations in 63% of the mucinous borderline tumors and in 36% of
serous borderline tumors.

Borderline ovarian tumors may represent a pathological continuum
between benign and frankly invasive ovarian neoplasms. The fact that
K-ra.v mutations are commonly detected in borderline ovarian tumors

suggests that these changes may represent an early genetic alteration
involved in the tumorigenesis of ovarian epithelial cells. Interestingly,
the K-ras gene has been mapped to chromosome 12, and cytogenetic

aberration involving this same chromosome is a common feature of
benign and borderline ovarian tumors (10). Although an aberration of
chromosome 12 has not been associated with amplification of the
K-ras gene (11), a relationship with K-ras mutation has not been

explored.
The significance of K-ras mutation in borderline ovarian tumors is

not yet clear. The strong association of the K-ras mutation with

mucinous epithelial tumors suggests that it may play a role in main
taining the mucinous differentiation pathways of ovarian epithelial
cells. An association of K-ras mutation with mucinous differentiation

has also been observed in other types of human cancers. In colorectal
carcinomas, for example, K-ras mutation is most frequent in well-
differentiated mucinous tumors (12). Overexpression of both H-ras
and K-ras has also been noted in a human colon carcinoma cell line
of low tumorigenicity with mucus-secreting properties (13). In human
lung adenocarcinoma, the frequency of K-ras mutation is significantly

higher in the goblet cell type than in other cell types (14). In addition,
in vitro studies have shown that activation of K-ras induces cellular

differentiation (15, 16). A recent report (17) revealed that transforma
tion of rat ovarian surface epithelial cells by Kirsten virus carrying the
activated ras gene induced steroidogenic properties in the transformed
cells. All of these studies suggest that K-ras activation plays a role in

the cellular pathway of differentiation.
A correlation between K-ras mutation and clinical stage was ob

served in serous borderline ovarian tumors. K-ras mutation is more

commonly observed in stage Will than in stage I disease. One expla
nation is that K-ras mutation may be a late event in the progression of

borderline serous tumor after metastasis has occurred. However, the
origin of peritoneal tumor implants in borderline serous tumor is still
under current dispute (18). There is the possibility that peritoneal
implants may be independently developed tumors from extraovarian
mesothelial cells lining the peritoneum. Research is currently under
way to characterize the K-ras mutation in borderline serous tumor at

both the primary and peritoneal sites, which will help to establish the
temporal sequence of K-ras mutation with respect to spreading of

tumor cells from the primary ovarian site. An alternative explanation
is that activation of K-ras gene by mutation may confer a growth

advantage on the tumor cells and contribute to metastasis. However,
extensive study will be needed to address this issue. In addition, the
potential prognostic value of K-ras mutation in predicting the behav

ior of borderline serous tumors also needs to be explored. It is im
portant to note, however, that K-ras mutation was commonly ob

served in all stages of borderline mucinous ovarian tumor, including
stage I.

An association between K-ras mutation and mucinous differentia

tion was also observed in invasive epithelial ovarian carcinomas
(Table 1). K-ras mutation is less frequent in invasive serous carcino
mas. Data concerning K-ras mutation in invasive ovarian carcinomas
are conflicting. An earlier study reported no K-ras mutation in 32

invasive ovarian carcinomas, including three mucinous carcinomas
(19). However, in a more recent report (20) using a similar detection
method, researchers identified K-ras mutation in 5 of 7 mucinous

ovarian invasive carcinomas and in 2 of 10 ovarian serous invasive
carcinomas. A K-ras mutation was also identified in one case of
mucinous borderline ovarian tumor. Using PCR-SSCP, we identified

K-ras mutation in 3 of 4 mucinous adenocarcinomas and in 3 of 10

serous adenocarcinomas. This method is less affected by the presence
of contaminating stromal cells in the tumor specimen and may be
more sensitive than the allele-specific oligonucleotide hybridization

methods used in other studies. However, the sensitivities of these two
methods have not been directly compared. Furthermore, in our study.
DNA was extracted only from areas of tumor selected by the histo-

pathologist, which may contribute to the greater frequency of muta
tion observed.

The observation that K-ras mutation is present in both borderline

and invasive ovarian carcinomas supports the notion that borderline
tumors represent a pathological continuum between benign and
frankly invasive neoplasms. More study will be needed to define the
functional role and clinical significance of K-ras mutations in human

ovarian tumors.
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