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The Donryu rat has been found to have a high incidence of spontaneous uterine
endometrial carcinomas. Moreover the histologic findings, biological nature and
pathogenesis of these rat tumors appear similar to those in humans. To determine
if the incidence of H- and K-ras gene mutations in these rat tumors is similar to
that in human endometrial cancers, we isolated DNA samples from 2 atypical
hyperplasias, 5 simple or complex hyperplasia without atypia, 9 adenocarcinomas
and 7 histologically normal tissues, amplified exons 1 and 2 of the H- and K-ras
genes by PCR and hybridized the products with allele specific oligonucleotide
probes. K-ras point mutations were observed in 1/2 of the atypical hyperplasia
(codon 12: GGT->GTT) and 3/9 of the carcinoma (codon 12: GGT-—->GAT, GGT
—AGT, codon 61: CAA-CAC), while they were not detected in 7 of the normal
tissues and in 5 of the simple or complex hyperplasia without atypia. H-ras point
mutations were not detected in any of these DNA samples. These frequencies in
this rat model are similar to those in humans. The absence of K-ras mutations
from simple and complex hyperplasia tissue samples suggests that these mutations
are associated with cytological atypia. Our findings suggest that alterations in the
K-ras gene may be one of the important initiating event in endometrial car-
cinogenesis in some of the Donryu rat, like the human. ——— Donryu rat;
endometrial carcinoma; ras; point mutation; dot blot hybridization © 1999
Tohoku University Medical Press

Carcinogenesis is believed to be a multistep process, involving a progressive
series of molecular alterations in the genome. Tumor progression in vivo has been
best documented in colorectal neoplasms, which have well-defined premalignant
(adenoma) and malignant (adenocarcinoma) stages, each of which is associated
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with sequentially acquired genetic alterations (Bos 1989; Fearon and Vogelstein
1990).

The development of human uterine endometrial carcinoma may also be
associated with a series of somatic mutations that may be responsible for the
progression of benign epithelium to less differentiated histologic lesions (hyper-
plasia) and to carcinoma. Mutational activation of the K-ras gene has been
detected in endometrial cancers and in premalignant tissues, suggesting that
activation of this gene may be involved in the development of this neoplasm.
K-ras point mutations, however, have been detected in only 10-30°, of human
endometrial carcinomas (Enomoto et al. 1991; Sato et al. 1991; Mizuuchi et al.
1992; Sasaki et al. 1993; Duggan et al. 1994), a frequency too low to constitute an
assoclation between these tumors and K-ras mutational changes.

The Donryu rat has been reported to be a good animal model for the
development of endometrial carcinomas, in that a large fraction (35%,) of these
animals develop spontaneous tumors (Mackawa et al. 1994; Nagaoka et al. 1994).
In addition, ovarian and vaginal cornification and endocrine imbalances have
been observed frequently in Donryu rat with endometrial carcinomas, and
metastasis to remote organs occurs in approximately 50 %, of these animals. In
this model, endometrial hyperplasia, the first histologic alteration in the en-
dometrium, occurs at eight months of age, or about 2 months after persistent
estrus, suggesting that an estrogen/progesterone imbalance may play an important
role in tumor development (Nagaoka et al. 1990). In the rat model, environmen-
tal variability is minimal and genetic variability is much less than in humans.
Although H- and K-ras mutations have been detected in many human tumors,
including endometrial cancers, as well as in many animal tumor models, the
molecular genetic events that occur in this Donryu rat model have not yet been
examined (Maekawa et al. 1994; Nagaoka et al. 1994). Therefore, we examined
the mutations of these genes in endometrial cancers of the Donryu rat.

MATERIALS AND METHODS
Histological analysts

Female Donryu rats (70-120 weeks old) were used in this study. The
endometria were fixed with 10%, formalin, embedded in paraffin, sectioned, and
stained with hematoxylin and eosin. Histologic classification of rat tumors was
performed according to the WHO criteria for human endometrial carcinoma
(Kurman 1994).

DNA extraction and PCR

DNA was extracted from 14 normal endometria, 15 hyperplasias, and 14
adenocarcinomas as described by Ito et al (1994). Using specific primers (Table
1), a 116-base pair fragment from K-ras exon 1 (containing codon 12), a 152-base
pair fragment from K-ras exon 2 (containing codon 61), an 82-base pair fragment
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TasrLe 1. PCR primers and probes for the H-and K-ras genes

Primers
Gene

Exon 1 Exon 2

K-ras UP 5-CCTGCTGAAAATGACTGAGTA-3 5-GGTGAATATCTTCAAATGAT-3
DOWN 5 -TCGTAGGATCATATTCATCC-3* 5-CTCCTACAGGAAAGAAGTAG-3

H-ras UP 5-AAGCTTGTGGTGGTGGGCGC-3" 5-CATGGGGAGACGTGTTTACT-3
DOWN 5 -TGGTTCTGGATAAGCTGGAT-3* 5-CTGTACTGATGGATGTCTTC-3

Probes
Gene Codon 12 Codon 61
K-ras GTT GGA GCT GGT GGC GTA GG GCA GGT CAA GAG GA
CGT CCA
TGT CTA
AGT CAC
GCT CGA
GAT AAA
GTT GAA
H-ras GGC GCT GGA GGC GTG AC AGC AGG CAA GAG TA
GAA AAA
GCA GAA
GTA CGA
CGA CCA
AGA CTA
CAT
CAC

from H-ras exon 1 (containing codon 12), and a 167-base pair fragment from H-ras
exon 2 (containing codon 61) were PCR amplified from genomic DNA using a
GeneAmpTM DNA Amplification Reagent Kit (Takara, Tokyo). The reaction
mixture (100 1) contained 20 uM of each deoxynucleotide triphosphate, 0.2 M
of each two primer and 0.5 41 AmplitaqTM (Takara). The amplification protocol
consisted of 40 cycles of 1 minute of denaturation at 94°C, 2 minutes of annealing
at 55°C, 1 minute of extension at 72°C. PCR products were characterized on 2%,
NuSieve® (FMC Bioproducts, Rockland, ME, USA) agarose gels stained with
ethidium bromide.

Point mutations in codon 13 of the K-ras gene and the H-ras gene were not
examined because they were much less frequently detected in human endometrial
cancer tissues (Enomoto et al. 1991, 1993; Ignar-Trowbridge et al. 1992; Mizuuchi
et al. 1992).
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Dot blot hybridization

PCR-amplified DNA was denatured (95°C for 5 minutes) and applied to a
nylon filter (Gene Screen Plus; Dupont). Each filter was prehybridized for 4
hours at 47°C with 5x Denhardt’s solution (0.1%, [w/v]) each of Ficoll Type 400
[ Pharmacia Biotech, Tokyo] , bovine serum albumin [Fraction V; Sigma, St.
Louis, MO, USA] and polyvinylpyrolidone), 5x SSC, 0.1%, sodium dodecyl sul-
fate (SDS), and 100 gg/ml denatured salmon sperm DNA. Oligonucleotide
probes labeled with 2P for all possible point mutations at codons 12 and 61 of H-
and K-ras, as well as for the wild type genes (Table 1), were added to the
prehybridization solution, and the filters were hybridized overnight. The filters

codoni2

' T F e
AGT GAT GTT
{wild type)
codon61
NEHo e
o
CAC

(wild type)

Fig. 1. Detection of point mutations in K-ras codons 12 and 61 in Donryu rat
endometrial tissues. KExons 1 and 2 of K-ras gene were PCR amplified, and
mutations were assayed by dot blotting and oligonucleotide hybridization.
Point mutations in codon 12 were observed in two carcinomas (C4, C6), and
one endometrial hyperplasia (H2) and a mutation in codon 61 was detected in
one carcinoma (C8).

N, normal endometria; H, endometrial hyperplasia; C, endometrial car-
cinomas.
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were washed in 2 X SSPE, 0.1%, SDS for 30 minutes at room temperature and with
3M tetraethyl ammonium, 50 mM Tris-HCI (pH 8.0), 2 mM EDTA, 0.1%, SDS at 56
to 62°C for 30 minutes, and then exposed for 2 to 3 hours to imaging plates,
subsequently analyzed with a Bioimage analyzer (FUJI FILM, Tokyo).

REesuLTs

We isolated DNA from 14 normal endometrial tissue samples, 15 hyperplasia
tissues and 14 adenocarcinomas obtained from Donryu rat uteri, and we were able
to amplify H- and K-ras sequences from 7 normal endometria, 7 endometrial
hyperplasias (5 simple or complex hyperplasias without atypia, and 2 atypical
hyperplasias), and 9 endometrial adenocarcinomas (Fig. 1). We detected several
K-ras mutations in these samples, including a GGT >GTT (Gly—Val) point
mutation in codon 12 in one atypical hyperplasia, a GGT—-GAT (Gly— Asp)
mutation in codon 12 in one carcinoma, a GGT->AGT (Gly—Ser) mutation in
codon 12 in another carcinoma, and a CAA>CAC (Gln—His) mutation in codon
61 in the third carcinoma. All these mutations substituted an amino acid at the
codon. None of these tissue samples had point mutations in codons 12 or 61 of the
H-ras gene (data not shown). We found that none of the rat tissue samples
lacking cytological atypia (0/7 of normal tissues, 0/5 of simple and complex
hyperplasia without atypia) had any ras mutations (0/12), while tissues contain-
ing atypia (atypical hyperplasia and cancer) had a fairly high incidence ras
mutations (1/2 of the atypical hyperplasia and 3/9 of the carcinoma). Statistical
analysis by the chi-square test revealed a significant difference (p <0.05) in the ras
mutation rate between these two groups of samples.

DiscussioN

Activating point mutations in the ras genes have been demonstrated in many
experimental tumor models. In our model of endometrial cancer in the Donryu
rat, we detected K-ras point mutations in 3 of 9 (33%,) adenocarcinomas, and in
1 of 7 (14%,) hyperplasias, rates similar to those observed in human endometrial
cancers (Enomoto et al. 1990; Sato et al. 1991; Mizuuchi et al. 1992; Sasaki et al.
1993; Duggan et al. 1994). As with the human disease, we were unable to detect
H-ras mutations in our rat model. While we were able to identify K-ras point
mutations in atypical hyperplasia, we did not find mutations in normal en-
dometrium, simple hyperplasia or complex hyperplasia without atypia. The
absence of mutations in simple or complex hyperplasia suggests that the acquisi-
tion of K-ras mutations is associated with cytological atypia occurring before
malignant transformation. Our results suggests, therefore, that this rat model 1s
genetically similar to human endometrial cancer, even though these animals
constitute a relatively homogeneous population in a controlled environment.

Several studies have suggested that there may be two distinct types of human
endometrial carcinoma: One occurring from hyperplasia and involving a hor-
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monal factor, and another occurring without a hormonal factor and developing by
other pathological mechanisms (Silverberg 1980; Bokhman 1983; Deligdish and
Holinka 1987). It has been reported that hormonal invariance and hyperplasia
occur frequently in the Donryu rat (Nagaoka et al. 1990), although we did not
observe K-ras gene mutations in the majority of endometrial cancers in these
animals. These findings suggest that hormone imbalance, particularly an in-
creased estradiol/progesterone (K2: P) ratio, may results in progressing formation
of E2 and estrogen receptor (ER) complex, which works as potent mitogens and
Initiates tumorigenesis in the process of endometrial carcinogenesis in both
humans and Donryu rats. Recently, reported was activation of the estrogen
receptor through phosphrylation by mitogen-activated protein kinase (MAPK) in
cells transformed by the K-ras mutant in the codon 12 (Kato et al. 1995), and
enhancement of the steady state level of estrogen receptor by the mutant K-ras.
These rusults and ours suggest that E2-ER pathway 1n ras-mediated cell transfor-
mation might be important in the initiation event of endometrial cancer (Kato et
al. 1997) in both humans and rats.
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