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ABSTRACT

We previously reported (Cancer Res., 50:6139-6145, 1990) a signif
icant frequency of activating point mutations in codon 12 of the K-ru.v

oncogene in endometrial adenocarcinomas of the uterine corpus (series
1). To further define the role of ras activation in the development of
endometrial adenocarcinoma, we surveyed cystic, adenomatous, and atyp
ical hyperplasias of uterine endometrium and additional cases of endo
metrial and cervical carcinoma (series 2) for the presence of activating
mutations in cellular protooncogenes of the ras family. Polymerase chain
reaction was performed from deparaffinized sections of formalin-fixed
paraffin-embedded tissue. We screened for point mutations in codons 12,
13, and 61 of the K-, H-, and N-ras genes by dot blot hybridization
analysis with mutation-specific oligomers. Mutations in K-ras were also

confirmed by direct genomic DNA sequencing. Of 19 endometrial aden
ocarcinomas in series 2, point mutations in ras genes were found in 7
tumors. Six contained single-base substitutions, five in codon 12 of K-ras

and one in codon 12 of N-ras. The seventh tumor contained two different
point mutations in codon 12 of k-ra.v. In one endometrial adenocarcinoma,
tumor cells with point mutations in k-rav were predominantly localized

to a portion that had a more aggressive histolÃ³gica! pattern. In endome
trial li) per piasiÂ». K-ra.v mutations, one in codon 12 and one in codon 13,

were found in 2 of 16 hyperplasias histologically classified as atypical
and clinically considered premalignant. None of 6 adenomatous hyper
plasias and none of 12 cystic hyperplasias, the latter of which is consid
ered clinically benign, contained any detectable ras mutations. No muta
tions in I l-rav were detected in either carcinomas or hyperplastic tissue.

INTRODUCTION

The family of ras cellular protooncogenes play important
roles in the development of a variety of tumors in humans and
in rodents (1, 2). In humans, specific forms of activated ras
genes are characteristically found in particular types of tumors:
K-ras in colorectal, pancreatic, and biliary carcinomas (3-7);
H-ras in urinary tract tumors (8, 9); and N-ras in hematopoietic
and neurogenic malignancies (10-12).

The ras gene products are believed to be membrane-associ
ated signal transducers based upon their localization to the cell
membrane (13), their resemblance to G proteins that control
adenylate cyclase, and their ability to modulate cell growth (14,
15). Specific point mutations in codons 12, 13, or 61 of the ras
genes, which are found in naturally occurring tumors in hu
mans, alter the ras products by abolishing their intrinsic
GTPase activity, resulting in constitutive stimulation of auton
omous growth and contributing to neoplastic development (16).

We previously reported that 4 of 10 primary endometrial
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adenocarcinomas of the uterine corpus (series 1) and 2 of 3 cell
lines each derived from a different endometrial carcinoma not
included in series 1 contained activating point mutations in
codon 12 of the K-ras gene (17), suggesting a significant role
for this gene in the pathogenesis of this neoplasm. In contrast,
no such mutations were found in any of 4 squamous cell
carcinomas of the uterine cervix that were included in series 1.
Whether K-ras activation occurred as an initiating event or as
a later event during endometrial tumor progression cannot be
established by the study of advanced tumors. Thus, preneoplas-
tic precursor lesions must be examined to address this problem.

Endometrial hyperplasia of the uterine corpus is somewhat
analogous to dysplasia of the uterine cervix (18, 19). Some of
these lesions revert to normal, spontaneously or with proges
terone therapy. Others persist as hyperplasia, and some develop
into endometrial adenocarcinoma. Endometrial hyperplasia is
usually classified histologically into three categories: cystic
hyperplasia, adenomatous hyperplasia, and atypical adenoma
tous hyperplasia (19, 20). Cystic hyperplasia is believed to have
no malignant potential, whereas adenomatous hyperplasia, es
pecially atypical adenomatous hyperplasia, is viewed clinically
with great concern as a precursor of endometrial carcinoma.
The mean duration of progression of adenomatous hyperplasia
without cellular atypia to carcinoma is about 10 years, but only
4 years typically separate the diagnosis of adenomatous hyper
plasia with cellular atypia and the development of invasive
adenocarcinoma (18, 21). Hence, it is of great interest to
identify the genetic changes that accompany, and may cause,
the progression of hyperplasia into carcinoma. Accordingly, we
probed for mutations within the ras gene family in these lesions
as possible candidates for such changes. We applied PCR3
amplification to circumscribed portions of formalin-fixed par
affin-embedded pathological specimens (22) in order to reduce
the content of nontumorous tissue, which otherwise would
decrease the sensitivity of our methods of detection by dilution
of mutated gene copies with normal sequences. This approach
has allowed detection of point mutations in ras genes in other
forms of human cancer both by dot blot hybridization analysis
with mutation-specific oligonucleotide probes (16, 17) and by
direct genomic sequencing (7).

MATERIALS AND METHODS

Tissues (Series 2). Samples used in this study were from patients
who had been admitted to either the Department of Obstetrics and
Gynecology at the Osaka University Hospital or the public hospitals in
Osaka, Japan. No initial chemotherapy or hormonal therapy was per
formed prior to tumor excision. Surgically removed tissues were sam
pled for histopathological diagnosis, and remainders were frozen in

3The abbreviations used are: PCR, polymerase chain reaction; TiL, lower
dissociation temperature (Ta) of two primers; SSC, standard saline citrate; SSPE,
buffered saline, consisting at final concentration (1 x) of 8.77 g NaCI, 1.38g
NaH2POâ€žH2O, and 370 mg EDTA in 1 1water, pH 7.4.
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some eases for the extraction of DNA. These included 19 endometrial
adenocarcinomas of the uterine corpus, 16 squamous cell carcinomas
of the uterine cervix, and 34 endometrial hyperplasias. Endometrial
hyperplasia was subclassified into three categories: atypical hyperplasia,
adenomatous hyperplasia, and cystic hyperplasia (18, 20). The clinical
stage of each carcinoma was established according to the International
Federation of Gynecology and Obstetrics staging system.

PCR. PCR was performed to generate amplified fragments of exon
I or exon II segments of the H-, N-, and K.-ras oncogenes. A section
from each paraffin block was cut at 4 ^m, and tumor tissue was trimmed
away from nontumorous tissue using a hematoxylin and eosin-stained
section as a guide. Sections with a minimum surface area of 1 mm2

were collected and then deparaffinized with sequential washes of xylene
and ethanol as described previously (22). The PCR mixture was pre
pared from a GeneAmp DNA amplification reagent kit (Perkin-Elmer
Cetus Corp., Norwalk, CT). Primers used in this study were as follows:
for K-ras codon 12 and 13, 5'-CATGTTCTAATATAGTCACA-3' and
3'-GTTATCTCCATTTAGAACAA-5' (5); for K-ras codon 61, 5'-
TTCCTACAGGAAGCAAGTAG-3' and 5'-CACAAAGAAAGCCC-
TCCCCA-3' (7). Sequences of PCR primers for codons 12 and 13 and

for codon 61 of H-ras and N-ras, were the same as previously reported
by Neri et a/.(23). For PCR from deparaffinized sections, a modified
"booster PCR" based upon that described by Ruano et al. (24) was

performed. Reaction mixtures with 8 ng of paired primers were added
to the tube which contained deparaffinized sections and incubated
initially for 10 min at 100Â°C;then 0.5 unit of Taq polymerase was
added. One cycle consisted of 1 min at 94Â°C(denaturation), 2 min at
7"dLÂ°C(annealing), and 3 min at 72Â°C(elongation). TdLwas the lower
dissociation temperature (Td) of the two primers. 7"dwas calculated

following the empirical formula (25):

7VC = 2"C x (number of AT pairs)

+ 4Â°Cx (number of GC pairs) (A)

After 25 cycles, 8 ^g of primers were added to the reaction mixtures,
and another 25 cycles were performed as described above. PCR was
also performed from DNA which was extracted from frozen tissue
samples in some cases, as previously described ( 17). Reaction mixtures
with 2 Â¿igof template DNA and 8 Â¿igof primers were denatured initially
for 5 min at 100Â°C,and 0.5 unit of Taq polymerase was added. One

cycle was the same as described above, and a total of 35 cycles was
performed. Positive controls for dot blot hybridization were also pro
duced by PCR using a diagnostic oligomer as one of the primers (17).

Analysis of Amplified DNA Fragments by Dot Blot Hybridization.
Aliquots of amplified DNA incubation mixtures (5 MÃ–were blotted
onto a nylon filter (0.2 Â¿impore size; Biodyne; Pall BioSupport, East
Hills, NY). The filter was prehybridized for 2 h with 5x SSPE, 0.1%
sodium dodecyl sulfate, lux Denhardt's solution (at lOx, contains I g

Ficoll [Type 400; Pharmacia, Piscataway, NJ], 1 g polyvinylpyrroli-
done, l g bovine serum albumin [Fraction V; Sigma, St. Louis, MO]
and water to 500 ml), and 500 jig/ml of denatured salmon sperm DNA
at TÃ•â€”¿�5Â°C.A 20-mer antisense 32P-labeIed probe surrounding codons

12 and 13 or codon 61 of H-, K- or N-ras was added to the prehybrid-
ization buffer (5 x 106cpm/ml, 1 x 106cpm/ng) together with unlabeled
wild-type probes (5-fold unlabeled quantities) to decrease nonspecific
binding (17). After hybridization for 16 h, filters were washed twice in
6x SSC (ix SSC contains 8.77 g NaCl and 4.41 g Na citrate in 1 I
water, pH 7.0) at room temperature for 10 min, 6x SSC at (7d -5)Â°C

for 30 min, and finally with 2x SSC and 1% sodium dodecyl sulfate at
rdÂ°Cfor 5 min. Oligonucleotide probes specific for all possible single-

base substitutions in the first or second positions in codons 12, 13, and
61 of K- and N-ras were utilized. Oligonucleotides specific for base
substitutions in the first and second positions in codons 12 and 61 and
in the second position in codon 13 of H-ras were also included in this
battery of mutation-specific probes.

Direct Sequencing of Amplified DNA Fragments. Amplified DNA
fragments surrounding codons 12 and 13, or codon 61, of K-ras were
sequenced by the dideoxy method using a Sequenase kit (USB, Cleve

land, OH). Amplified DNA fragments were purified and concentrated
by Centricon 30 ultrafiltration units (Amicon, Danvers, MA). Sequenc
ing primers used were 5'-ATGACTGAATATAAACTTGT-3' for co-
dons 12 and 13 (26) and 5'-AACCTGTCTCTTGGATATTC-3' for
codon 61 (7). One pmol of DNA template and 1 pmol of "P-end-

labeled primer were denatured in 0.1 M methylmercury(H) hydroxide
for 30 min at room temperature and precipitated with 3 volumes of
ethanol. This template and primer mixture was redissolved in 10 Â¿ilof
lx Sequenase reaction buffer; then, 2 units of Sequenase, 1.75 n\ of
enzyme dilution buffer, 1 /J of 0.1 M dithiothreitol, and 1 ^1 of 0.1 M
Mn< I. were added. This mixture was divided into four tubes containing
2.5 n\ of dideoxy G, A, T, or C termination mixtures and incubated for
10 min at 37Â°C,after which stop solution (4 n\) was added. The samples
were denatured at 80Â°Cfor 2 min and subjected to electrophoresis on

a 0.4-mm-thick, 40-cm-long, 8 M urea/8% polyacrylamide gel. Both
regions of the K-ras gene were directly sequenced from all tissue
samples, both neoplasms and hyperplasias. irrespective of whether a
point mutation had previously been detected by oligonucleotide probes.

Statistics. The significance of differences in the frequency with which
ras gene mutations occurred in different kinds of neoplastic, preneo-
plastic, and benign proliferative lesions was estimated using Fisher's

exact test (27).

RESULTS

In series 2, a total of 19 endometrial adenocarcinomas of the
uterine corpus, 19 squamous cell carcinomas of the uterine
cervix, 16 atypical hyperplasias of the endometrium, and 6
adenomatous and 12 cystic endometrial hyperplasias were ex
amined. Point mutations in ras oncogenes were detected from
PCR-amplified DNA fragments by dot blot hybridization with
mutation-specific oligonucleotide probes and in K-ras by direct

genomic sequencing. Our standard protocol for dot blot hybrid
ization could detect the mutated alÃeleto the level of 1-3% of
total gene copies ( 17), whereas by direct sequencing of the PCR-
amplified product we could not convincingly detect the mutated
alÃeleat or below the 12% level.

Of 19 endometrial adenocarcinomas examined, 7 were found
by dot blot hybridization to contain ras gene mutations, 6 in
codon 12 of K-ras and 1 in codon 12 of N-ras. No mutations
in H-ras were detected. Of the 6 tumors with K-ras codon 12
mutations, 4 contained a GGTâ€”Â»GATmutation, one had a
GGT-Â»GTT mutation, and one (case 17) had both GGT-Â»TGT
and GGTâ€”Â»GATmutations (Table 1). The presence of two
mutations in case 17 was confirmed by the blocking assay
method previously described, which was applied to exclude any
possibility of artifact due to nonspecific binding of the probes
to mismatched DNA fragments (17). Probe signals were unal
tered by adding unlabeled wild-type sequences together with
the unlabeled probes for a mutated alÃelewhich were nonident-
ical in sequence to the '2P-labeled probe. However, signals were

significantly reduced by an excess of unlabeled probe for wild
type together with an unlabeled oligonucleotide identical in
sequence to the labeled probe (data not shown).

Direct sequencing of PCR-amplified DNA fragments was
also performed to identify and confirm point mutations in K-
ras. Point mutations in codon 12 of K-ras were detected by
sequencing in the majority of tumors which had been found to
have point mutations by dot blot analysis. No mutations were
found by direct sequencing that had not been detected by
oligonucleotide probes. Moreover, GGTâ€”Â»GATand GGTâ€”Â»
GTT mutations detected by oligonucleotide hybridization were
not clearly confirmed by direct sequencing in two cases (18 and
20), and in cases which showed two different mutations in the
same oncogene by dot blot analysis [case 17, as well as DNA 1
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Table 1 Codon 12 point mutations in K-ras and N-ras, detected by dot blot analysis using mutation-specific oligonucleotide probes, in 19 endomelrial
adenocarcinomas of the uterine corpus (series 2)

Case
no.13122124272622282923151718162511191420Age(yr)2740454748SO51545455606161626263637380HistologyEndometrioidEndometrioidEndometrioidEndometrioidEndometrioidEndometrioidEndometrioidEndometrioidEndometrioidEndometrioidEndometrioidEndometrioidEndometrioidEndometrioidEndometrioidEndometrioidSerous

papillaryEndometrioidSerous

papillarywtwtwtwtwtGGTwtwtwtGGTGGTGGTGGTGGTwtwtwtwtGGTras

codon 12Â°-Â»GAT-Â»CATâ€”

GATâ€”
TGT andGAT*-.GAT*-Â»

GAT(N-raÃ®)-Â»GTT*Grade

SG,G,G,G,G,G,G,G,G,G,GjG,G,G,G,G,G2G,

1G,age

ClinicaloutcomeII

Died 2moAlive
2yrAlive
6 yr, 8moAlive
5 yr, 3moLost

6 yr, 3moAlive
9 yr, 5moI

Alive 6 yr, 6moAlive
3 yr, 3moAlive
7 yr, 1moAlive
7 yr, 10moAlive
5 yr, 5moAlive
5 yr, 11moII

Alive 7 yr. 11moNot
availableAlive

5 yr, 3moAlive
2 yr, 6moDied
1 yr. 10moI

Alive 5 yr, 2moDied
1 yr

* K-roj unless otherwise specified; wt, wild-type sequence (GGT).
* The mutant alÃeleindicated was very dilute, making up only VS-'/Mof all K-ras gene copies present and. thus, presumed to have arisen late in the evolution of the

tumor.

and 34, series 1 (17)], only one mutation was unambiguously
detected by direct sequencing, while the signal for the other
mutation was near the level of background bands characteristic
of direct genomic sequencing. We postulate that these discrep
ancies are due to lower sensitivity of direct sequencing to detect
mutated sequence in the presence of a large excess of normal
gene copies. We estimate the mutations that were detected by
dot blot analysis but not by direct sequencing made up only
between VÂ»and VMof all the K-ras gene copies in the tissue
sample used for PCR amplification.

In case 23, two regions of a single tumor which were signifi
cantly different histologically were trimmed separately for PCR
amplification from the same section. One portion was moder
ately differentiated adenocarcinoma (grade 2), while the other
portion contained poorly differentiated adenocarcinoma (grade
3) with stromal invasion (Fig. \A). Mutated K-ras (codon 12,
GGTâ€”Â»CAT)was abundant by dot blot analysis in the poorly
differentiated adenocarcinoma portion, while tumor cells with
mutated alÃelesmade up a smaller fraction of the tumor in the
portion of moderately differentiated adenocarcinoma (Fig. IÃŸ).
The mutation was detectable by direct sequencing only in the
poorly differentiated portion of the tumor (Fig. 1C).

Point mutations of ras genes were detected in only 1 of 19
squamous cell carcinomas of the uterine cervix in series 2. This
case was among 14 stage I tumors and contained a GGTâ€”Â»GTT
mutation in codon 12 of K-ras. No ras mutations were found
in any of 5 stage II tumors. This result is consistent with our
previous inability to detect ras mutations in any of 4 cervical
carcinomas in series 1(17) and indicates that activation of any
member of the ras family is very uncommon in these tumors,
at least in early stages.

In order to determine whether ras gene activation occurs as
an early and perhaps initiating event in endometrial tumorigen-
esis, ras gene mutations were analyzed in normal endometrium
and in 34 cases of endometrial hyperplasia. Activating K-ras
mutations were found in 2 of 16 atypical hyperplasias (cases
30-45; age range, 25-70 years) by both dot blot analysis and
direct sequencing. One was a GGTâ€”-Â»GTTmutation in codon
12 and the other was a GGCâ€”Â»GACmutation in codon 13 (Fig.
2). No mutations in H- or N-ras were detected in any of the 16
cases of atypical hyperplasia. No ras mutations were found in
any of 6 adenomatous hyperplasias (cases 46-51; age range.

45-67 years) or 12 cystic hyperplasias (cases 52-63; age range,
35-65 years), or in any of 7 samples of histologically normal
endometrium (cases 64-70; age range, 24-50 years), or in
histologically normal endometrium of four cases in which K-
ras mutations were identified in adjacent carcinoma (data not
shown).

DISCUSSION

Activated ras genes are the oncogenes most frequently found
in human tumors (2). However, the frequency of activation
varies remarkably with the tumor type, ranging from 50% in
colorectal carcinomas (3) and 90% in pancreatic ductal carci
nomas (5) to negligible in carcinomas of the breast (28).

Endometrial carcinomas are common, representing 13% of
all malignancies in women in the United States (29), and the
incidence appears now to have leveled off after an abrupt
increase during the late 1960s to early 1970s (18, 19). In Japan,
they are the second most common malignancy of the female
urogenital tract, and the incidence is increasing (30). The inci
dence of ras gene mutations in endometrial adenocarcinoma of
the uterine corpus in this study was 7 of 19 (37%) and signifi
cantly higher than in squamous cell carcinoma of the uterine
cervix [1 of 19 (4%); P = 0.021]. The level of statistical signif
icance of the difference in ras gene mutation frequencies in
creased when the 10 cases of endometrial carcinoma and the 4
cases of cervical carcinoma in our series 1 (17) were added to
the present series 2 (Table 2), yielding a combined frequency of
one or more K- or N-ras mutations in 11 of 29 endometrial
carcinomas versus only 1 of 23 cervical carcinomas in Japanese
women (P = 0.0041). K-ras (and rarely N-ras) activation ap
pears to be part of a major path for carcinogenesis in uterine
endometrium but not in cervical squamous epithelium. In con
trast, somatic deletions and mutations of the H-ras gene, to
gether with other changes, have been demonstrated in cervical
carcinomas, especially tumors in advanced stages, by French
investigators (31). It remains to be determined whether these
patterns of oncogene activation vary with such factors as race
and country of residence.

Most of the endometrial carcinomas studied were in Inter
national Federation of Gynecology and Obstetrics stage I, and
9 of 24 stage I tumors in series 1 and 2 combined contained ras
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Fig. 1. Heterogeneity of endometrial carcinoma with regard to histolÃ³gica! pattern and K-ras activation. Two regions within a single tumor (case 23), which were
significantly different histologically. were trimmed separately for PCR amplification from the same section. One region (I) was endometrial carcinoma, grade 3,
composed of moderately poorly differentiated tumor cells forming small (arrows) or no lumina (A, hematoxylin and eosin; x 100) that contained abundant K.-ras
codon 12 GGTâ€”Â»GATmutated sequence; while the other portion (II) was endometrial carcinoma, grade 2, with moderately well-differentiated glandular formations
(hematoxylin and eosin, x 100) in which the same K-ras mutation was barely detectable. Signals for a GGTâ€”Â»GATmutation were demonstrated in both regions by
dot blot analysis, with much less intensity in region (II) than in region (I) (B). However, a GGTâ€”Â»GATmutation was demonstrated by direct sequencing only in
region (I) (C).

gene mutations. However, we did not have sufficient numbers
of tumors in advanced clinical stages to analyze accurately any
association of ras gene mutations with clinical stages, and we
were also unable to establish any correlation between ras gene
mutations and histological grade, depth of myometrial invasion,
lymph node metastasis, or age of the patient. Because the
numbers of cases in any one of these categories are small, there
may in fact be such correlations that will only become apparent
as more data become available. In 26 cases for which clinical
outcomes were known, 4 ended in death within 1 year of
diagnosis, and 3 of these deaths were cases with K-ras muta
tions. The possible significance of ras activation as a prognostic

indicator for particularly aggressive endometrial carcinoma de
serves further study.

The mutation most frequently found (again combining series
1 and 2) was GGTâ€”Â»GAT(glyâ€”Â»asp)in codon 12 of the K-ras

gene; this was observed in 7 tumors and the equivalent mutation
in N-ras was seen once. GGTâ€”Â»GTT(glyâ€”Â»val)mutation in
codon 12 of the K-ras gene was found 4 times, in 1 atypical
hyperplasia and in 3 carcinomas. GGTâ€”Â»TGT(glyâ€”Â»cys),seen
once, and GGTâ€”*GCT (glyâ€”Â»ala),seen twice, were less fre

quently detected, as were mutations in codon 13, only one of
which was found. Recently, one example each of glyâ€”Â»cysand
glyâ€”Â»alamutations in codon 12 of K-ras was also identified in
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Case 30 Case31

Vi'

^wÃ¼7'' .'&â€¢¿�#V"' V-V1$'>
*/*Â¿,-'â€¢¿�â€¢¿�^Ã•^.^AÂ»

codon12GGT - GTT codon13GGC ->GAC

G A T C

codon

13

12

G A T C

codon

13

12

Fig. 2. Demonstration of point mutations in K-ras in atypical hyperplasia of uterine endometrium by dot blot hybridization and by direct sequencing. A GTTâ€”Â»
GTT mutation in codon 12 in case 30 and a GGCâ€”Â»GACmutation in codon 13 in case 31 were demonstrated. P3 and P7 are the positive control dots for these
mutations.

2 of 12 endometrial carcinomas in an Australian series (32). populations deserves attention as a possible indicator of an
These were the only K-ras mutations found in that study, and environmentally related etiology.
it is intriguing that these were among those least frequently Endometrial hyperplasia is a great concern for both gynecol-
observed in our series of Japanese cases. This apparent differ- ogists and pathologists, since it is clearly the precursor of
enee requires confirmation. Any difference in the spectrum of invasive cancer in some patients. Endometrial hyperplasia is
ras gene mutations in a specific kind of tumor in different usually classified into three categories: cystic hyperplasia, ade-
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Table 2 raj gene mutations in primar)' human uterine lesions: series I (17) and 2
combined

Lesion
Mutation
frequency Activated ras genes

Corpus
Malignant1-

minim-trialadenocarcinomaPremalignant

Atypical hyperplasia
Benign

Adenomatous hyperplasia
Cystic hyperplasia1

1/29(38%)2/16(13%)0/6

(0%)
0/12(0%)10

K-raj".
1N-ras"2

H-rasc

Normal
Normal endometrium 0/7 (0%)

Cervix
Malignant

Squamous cell carcinoma 1/23 (4%)Â¿ K-ras'

Â°Mutations from GGT (codon 12) include 5 GAT, 2 GGT, 1 GAT and GCT,

1 GTT and GCT, and 1 TGT and GAT.
* Codon 12, GGT-Â»GAT.
c Mutations include GGT -Â»GTT (codon 12) and CGC -Â»G AC (codon 13).
d Significantly lower than in endometrial adenocarcinoma (P = 0.0041).
'Codon 12, GGTâ€” GAT.

nomatous hyperplasia, and atypical adenomatous hyperplasia.
Cystic hyperplasia is often seen in menopausa! or anovulatory
women and is characterized by dilated glands of varying sizes
lined by tall columnar or cuboidal epithelium (18, 19). It is
regarded as having virtually no malignant potential. However,
adenomatous hyperplasia, characterized by glandular crowding
with an increased gland to stroma ratio, is considered to have
definite potential to progress to adenocarcinoma, and atypical
hyperplasia, a form of adenomatous hyperplasia with nuclear
atypia including enlargement, hyperchromasia and irregularity
in shape, is believed to have high potential to develop into
carcinoma. Severe atypical hyperplasia has in the past been
confused with carcinoma in situ or stage 0 carcinoma (33), and
the latter nomenclature has fallen out of favor in recent years
(18, 19). The risk of invasive cancer for women with atypical
adenomatous hyperplasia is 5-12% (34). We searched for ras
gene mutations in cystic, adenomatous, and atypical endome
trial hyperplasia and found point mutations in codons 12 and
13 of K-ras in 2 of 16 atypical hyperplasias, whereas no ras
gene mutations were found in any of 6 adenomatous hyperpla
sias or 12 cystic hyperplasias. Since in colorectal tumors mu
tations in codon 12 of K-ras have occasionally been detected in
histologically normal mucosa immediately adjacent to the car
cinoma (35), we also searched for K-ras gene mutations in
normal endometrium adjacent to carcinoma, but we found
none.

If all endometrial carcinomas normally develop from regions
of atypical hyperplasia, and if K-ras activation occurs as an
initiating event in tumorigenesis of the endometrium of the
uterine corpus, we would expect to find that K-ras activation in
atypical hyperplasia is as frequent as is found in invasive cancer.
In fact, the frequency of ras gene mutations in atypical hyper
plasia (2 of 16 cases) was found to be insignificantly lower than
in grade 1 endometrial carcinomas (4 of 13 cases; P = 0.23). In
atypical hyperplasias that do harbor K-ras point mutations,
these mutations may have occurred as an initiating event, and
these lesions may have a higher potential to develop into
invasive cancer. In fact, the frequency we observed (2 of 16
cases, 13%) closely approximates the rate (5-12%) at which
atypical adenomatous hyperplasias are known to advance to
carcinoma (34). HistolÃ³gica! distinction of atypical endometrial
hyperplasia from well-differentiated adenocarcinoma is some
times very difficult (18, 19). Detection of K-ras gene activation

in atypical hyperplasias may be useful in the future as an
objective screening criterion to identify at least a fraction of
those hyperplasias that have the highest potential to develop
into invasive cancer.

It is likely that ras gene mutations can also occur as a later
event rather than an initiating event in some endometrial car
cinomas that contain mutationally activated ras. The presence
of two different mutations in three carcinomas [two in series 1
(17) and one in series 2] implies that such tumors were hetero
geneous and that at least one of these K-ras mutations occurred
as a later event during tumor progression, an interpretation
consistent with the lower relative abundance of one of the two
mutant alÃelespresent in each of these tumors. In one case, a
K-ras codon 12 mutation was predominantly found in a region

of a carcinoma which showed a more aggressive histolÃ³gica!
appearance. This favors the hypothesis that ras gene mutations
can occur as a late event in tumorigenesis and may contribute
to aggressive behavior of the neoplasm. In colorectal carcinoma,
ras gene mutations were found in 50% of the carcinomas and
50% of the adenomas >1 cm in diameter but in only 10% of
adenomas <1 cm in diameter (1). This observation has been
interpreted to indicate that ras gene mutations are not initiating
events in the majority of colorectal tumors but occur during
progression to malignancy in about 50% of cases.

While a high frequency of ras gene mutations was observed
in endometrial adenocarcinomas, 62% of the tumors did not
contain any detectable ras mutations. This indicates that there
are alternative genetic alterations which can lead to carcinogen-
esis in human endometrium. In colorectal carcinomas, deletions
of chromosomes 5q, 17p, and 18q and point mutations in the
consensus regions of the p53 gene are frequently found in
addition to ras gene mutations (36, 37). These observations
indicate that multiple additive genetic changes are involved in
the development of colorectal carcinomas. Further studies will
be required to identify the genetic changes, in addition to those
identified in the ras gene family, that are involved in tumori
genesis of human endometrium.
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