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ABSTRACT~The incidence of endometrial carcinomas as well as
the life-spans of 5 groups of female BD IlI/Han inbred rats were
compared. Groups compared were control (CON), ovariectomized
(OV), retired breeder (RB), germfree rats (GF), and rats fed a puri-
fied diet (PD). Carcinomas, for the most part adenocarcinomas,
occurred in 90% of the CON and PD rats and approximately 60%
of the RB and GF rats. Carcinomas did not develop in OV rats.
The mean life-span of the CON and PD rats was 22 months. The
RB and GF rats reached, respectively, 32 and 30 months; and the
OV rats, 39 months. An essential influence of ovarian hormones
on tumorigenesis was shown. Alimentary carcinogens and phy-
toestrogens, as well as chronic irritations of the endometrium due
to bacteriologic inflammations, could be excluded as tumor initia-
tors. Hormonal dysregulation in the aging BD lI/Han rats was dis-
cussed as a possible cause of an inappropriate stimulation of the
endometrium, promoting a previously transformed tumor cell or
initiating an autonomous tumor growth. Such evidence supports
the use of the BD HI/Han rat as a suitable model for the study of
hormonal effects on the tumorigenesis of endometrial carcinomas
in women.—JNCI1 1987; 78:1245-1251.

Spontaneously developed endometrial carcinomas are
common findings in women (I-2), laboratory rabbits
(3-5), and Chinese hamsters (6-8) and are thought to be
rare in laboratory rats (9, 10). In longevity studies,
whereby virgin rats were maintained from weaning up
to their natural death, we observed endometrial carci-
nomas in 39.1% of the females in the Han:Wist outbred
stock (11) and in 62.3% of the DA/Han inbred strain
(12). A third life-span study using BD II/Han inbred
rats kept under the same conditions provides evidence of
values exceeding 90% (Kaspareit J, Deerberg F: Unpub-
lished data).

These findings led to the present studies designed to
demonstrate influences that promote the development of
such tumors, by comparison of the life-span and the
incidence of endometrial carcinomas in 5 groups of
BDII/Han rats kept under different maintenance condi-
tions. As agents exercising an influence on the patho-
genesis of such tumors, we assumed hormonal effects
such as those discussed in human endometrial carcino-
mas, bacteriologic inflammatory reactions generally ob-
served in the tumor tissue, and alimentary carcinogens.

MATERIALS AND METHODS

Five groups of female BD II/Han rats—1 group of
CON, 1 group of OV, 1 group of RB, and 1 group of
PD, each consisting of 50 animals, as well as 1 group
of 36 GF—were maintained until the end of their
natural life-span.

1245

All rats belonged to the 65th and 66th inbred genera-
tion and originated from a specified pathogen-free
breeding colony started in the institute 12 years ago
from cesarian-derived animals. CON and PD were sub-
mitted to the study after weaning between the 21st and
23d day of life; OV, after ovariectomy at an age of
24-28 days; and RB, after the breeding period between
the 7th and 13th month of life. RB had raised at least
one litter. GF rats were obtained at an age of 25 days
from a small germfree breeding colony established for
use in this examinadon through hysterectomy of rats
from the specified pathogen-free breeding colony.

CON, OV, PD, and RB were kept in a barrier-type
animal quarter with 224+1°C room temperature, 55+5%
relative humidity, 15-mm hyperbaric pressure in rela-
tion to external pressure, a 12-hour light-12-hour dark
sequence, a light intensity of about 300 lux, and an air
change 20 umes/hour. The rats were housed in groups
of 5 in polycarbonate cages (base area, 1,750 cm?) bedded
with autoclaved softwood granules. Cages and bedding
were changed once a week. GF were maintained in a
Trexler-type plastic isolator in groups of 3 animals per
polycarbonate cage (base area, 900 cm?). The bedding
was again autoclaved softwood granules.

CON, 0OV, and RB were fed an autoclaved (120°C for
5 min) commercial cereal-based diet supplemented with
vitamins and minerals. The metabolizable energy con-
tent was 10.3 M]J/kg in 17.7% crude protein, 4.2% crude
fat, and 6.8% crude fiber. GF received an identical diet
autoclaved at 130°C for 15 minutes. PD were fed an
autoclaved (102°C for 5 min) purified diet, composed of
carcinogen- and phytoestrogen-free purified casein, soya-
min, cornstarch, sugar, soya oil, and a polycarbonate
filler. The energy, protein, fat, and crude fiber contents
correspond to those of the standard diet. GF received
autoclaved tap water. All other groups received pasteu-
rized (95°C for 15 sec) and acidified (pH 2.5) water. Food
and water were supplied ad libitum.

ABBREVIATIONS USED: CON = control rats; GF = germfree rats; H & E=
hematoxylin and eosin; OV =ovariectomized rats; PAS = periodic
acid-Schiff; PD =rats fed purified diet; RB=retired breeder rats.

1 Received September 16, 1986; accepted December 15, 1986.

2Central Institute for Laboratory Animal Breeding, Hermann-
Ehlers-Allee 57, D-3000 Hannover 91, Federal Republic of Germany.

3We thank Mrs. R. Sommer, Miss B. Nitsche, and Miss A. Waislo
for their technical assistance; Mrs. C. Jonas and Miss K. Wehrhahn for
the bacteriologic examinations; Dr. K. G. Rapp for help with the sta-
tistical evaluation; Dr. H. J. Hedrich for the surgical ovariectomy of
the animals; and Dr. E. Sickel for the maintenance and control of the
germfree rats.

JNCI, VOL. 78, NO. 6, JUNE 1987

6102 JOqUaAON 8], UO Jasn naissni SNig Ad 01 | 126/S721/9/8.A0BSqe-ajoNe/oul/wod dno-olwapeoe)/:sdjy Woly papeojumoq



1246 Deerberg and Kaspareit

All rats were inspected daily, and a complete autopsy
was performed on the deceased and moribund animals.
Almost all organs and all grossly altered tissues were
fixed in 10% Formalin and embedded in Paraplast. Sec-
tions 4 pm thick were stained routinely with H & E.
Sections from endometrial tumors were also stained
with Van Gieson mixture and subjected to the PAS reac-
tion. Selected tumor tissue was embedded in hydroxy-
ethyl-methacrylate. Sections 1 um thick were subse-
quently stained with toluidine blue.

Bacteriologic examination of smears taken from the
endometrium or uterine carcinomas was completed on
all animals showing no or only slight signs of autolysis
at the autopsy.

Data were statistically analyzed by the chi-square and
Student’s ¢-test.

Two rats, 1 from the group of OV and the other from
the group of RB, were not considered in the evaluation
because of cannibalism and autolysis.

RESULTS
Life-span and Mortality

The age-dependent cumulative mortality of the differ-
ent groups is shown in text-figure 1. The nearly identi-
cal death rates of CON and PD are apparent. All ani-
mals had a life-span between 15 and 36 months. The
mean life-span was 22.414.4 months in CON and
21.91+3.4 months in PD. OV lived extremely longer, all
surviving the Ist and 2d year. Of the OV, the youngest
died in the 27th and the oldest in the 48th month. Mean
survival was 39.1+6.5 months. RB and GF died some-
what earlier, e.g., between the 18th and 42d month; the
mean life-span reached 32.1£5.3 and 30.114.5 months,
respectively.

Statistical evaluation revealed significant differences
(P=.001) in the mean life-span of all the groups, except
between CON and PD and GF and RB.

Endometrial Carcinomas
Incidence

With the exception of OV, endometrial carcinomas
developed to various frequencies in all investigated
groups. Text-figure 2 demonstrates the quarterly mor-
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TEXT-FIGURE 1.—Cumulative mortality in female BD II/Han rats of
different maintenance groups.
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TEXT-FIGURE 2.—Three months’ mortality and percentage of animals
with endometrial carcinomas in female BD II/Han rats of different
maintenance groups.

tality together with the percentage of rats showing
endometrial carcinomas. As shown in text-figure 3, the
highest percentage was observed in CON and PD, 90.0
and 92.0%, respectively. In RB, the tumor incidence
reached 65.3%. In GF the percentage of affected animals
was 58.3%. In all groups the mean life-span of the
tumor-bearing rats was nearly identical with that of the
entire group.

Significant differences (P<.001) in the tumor inci-
dence and the mean age of the tumor bearers were evi-
dent in all groups with only two exceptions: No differ-
ences in both parameters could be shown between the
groups of CON and PD as well as between GF and RB.
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TEXT-FIGURE 3.—Percentage of females with endomeurial carcinomas
in female BD II/Han rats of different maintenance (MAINTEN.)
groups and mean life-spans of total groups and tumor bearers. X =
mean; s=SD.
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As listed in table 1, most tumors registered were classi-
fied as adenocarcinomas. Sporadic cases of adenosqua-
mous, squamous cell, and anaplastic carcinomas were
diagnosed. Statistical evaluation revealed no differences
in the incidence of the tumor types among the groups.
The same holds true for the rate of metastases, except
for transcoelomic as well as for extra-abdominal metas-
tases of the lung that were significantly higher (P=<.05)
in PD than in CON.

Pathologic Findings

Macroscopically, the tumors arose as small nodular
single or multiple processes in one or both of the uter-
ine horns (fig. 1). These areas were, however, often
masked by pus that filled the distended uterus. In
advanced stages, affected horns were plugged with neo-
plastic tissue, often enlarged, and filled with blood or
exudate cranial to the tumor. In the final stages most of
the tumors extended through the uterine wall, causing
widespread transcoelomic metastases on the visceral and
parietal peritoneum (fig. 2). Extra-abdominal metastases
involving the lungs and lymph nodes were, likewise,
frequently observed.

The histologic appearance of the adenocarcinomas
varied greatly, although no significant differences were
evident among the various groups. More confined ade-
nocarcinomas were apparent as glandular projections
into the lumen of the endometrial cavity. They con-
sisted of well-differentiated glandular structures lined by
one or two layers of uniform columnar cells (fig. 3).
The lumina of the neoplastic glands and the spaces
between the papillae regularly contained cell detritus
with numerous leukocytes due to the inherent inflam-
mation associated with the tumor growth (fig. 4). Al-
though always infiltrating the myometrium, well-dif-
ferentiated adenocarcinomas showed a greater tendency
to spread into the lumina of the uterine horns. More
invasive adenocarcinomas, including those invading the
abdominal cavity became increasingly undifferentiated.
Varying portions of different histologic appearance
were apparent. Most prominent were areas with neo-
plastic glandular elements embedded in an extensive
amount of stromal fibrosis (fig. 5) as well as neoplastic
cells arranged in solid sheets and nests separated by
broad bands of stromal proliferations (fig. 6). On occa-
sional instances, poorly differentiated adenocarcinomas
showed areas characterized by an amorphous substance
surrounding clusters of tumor cells (fig. 7) or neoplastic
cells that were arranged in an irregular trabecular or
papillary fashion. This substance was slightly eosino-
philic and proved PAS positive.

In our material, most of the adenocarcinomas be-
longed to the poorly differentiated type, occasionally
undergoing squamous metaplasia and often developing
transcoelomic and lymphogenic or hematogenic metas-
tases of the lungs and lymph nodes (table 1). Secondary
findings included squamous cell carcinomas, histologi-
cally identical with squamous cell carcinomas else-
where; adenosquamous carcinomas with varying por-

Spontaneous Endometrial Carcinoma in Rats

tions of squamous; and adenocarcinomatous structures
as well as anaplastic carcinomas consisting of 1rregular
formations of highly anaplastic cells (table 1).

Bacteriologic Findings

Bacteriologic examination of smears from the endo-
metrium or endometrial carcinomas in OV and GF were
generally negative. Positive findings were observed in 94
from 114 (=82.5%) tumor bearers and in 11 from 20
(=55.0%) non-tumor-bearing CON, RB, and PD. The
most common infections in neoplastic lesions were with
Escherichia coli 07 and E. coli 04. Both strains were iso-
lated in pure cultures or mixed with Proteus, Staphylo-
coccus, or E. coli and Streptococcus spp. Proteus spp.
were also isolated from the endometrium of the non-
tumor bearers.

DISCUSSION

Endometrial carcinoma is presently the most common
cancer of the human female genital tract (13-15).
Among various laboratory animals the incidence of
endometrial cancer has been found to be especially high
in rabbits (3-5) and Chinese hamsters (6-8). In rats, the
uterine horns are common sites for neoplasms; however,
the frequency of carcinomas is low in most stocks and
strains, rarely exceeding 10% (16). Results obtained in
previous in-house studies indicating endometrial carci-
nomas in approximately 40% of the virgin females in
the Han:Wist stock (I7) and 60% in the DA/Han™ (12)
and 90% in the BD II/Han inbred strains indicate an
uncommonly high incidence of endometrial carcinomas
when compared with the existing data. In a further
study, it could be shown that the nulliparity of the
animals had a promoting effect on the development of
endometrial carcinomas (17).

More than 90% of the tumors found in this study were
adenocarcinomas of different histologic appearance.
Single adenocarcinomas from rats of all groups showed
areas characterized by an abundant homogeneous eosin-
ophilic PAS-positive ground substance surrounding
tumor cell clusters. The histologic pattern of these
alterations seems to be identical to the yolk sac carci-
noma of the mouse uterus (18). However, contrary to
the findings described in pure yolk sac carcinoma, the
yolk sac-like formations in the tumors of our rats were
confined to more or less distinct areas of otherwise
poorly differentiated adenocarcinomas; and both the
adenocarcinomatous and the yolk sac-like formations
were present in the accompanying peritoneal and lung
metastases. Identical alterations have also been observed
in spontaneous adenocarcinomas of 3 Japanese albino
rats (19). The intercellular substance was indicated to be
an acid-mucopolysaccharide produced by the tumor
cells. We cannot exclude that the yolk sac-like forma-
tions in the tumors of our rats have a different origin
than have the adenocarcinomas. However, since adeno-
carcinomatous structures are always present and promi-
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nent, we consider this type of tumor as an adenocar-
cinoma.

Although the etiology of the endometrial carcinomas
in BD II/Han rats has not been identified by this study,
the results indicate an essential influence of ovarian
hormones on the development of the neoplasms. With
the exception of 2 leiomyosarcomas, ovariectomized rats
showed no signs of uterine cancer or more specifically
endometrial cancer. Accordingly, the OV reached an
extremely high mean life-span, approximately 18 months
more than that of the CON.

The importance of hormones, i.e., estrogens, in the
etiology of endometrial carcinomas in women has long
been recognized. It is being discussed that a long-term
unopposed and uninterrupted estrogenic stimulation of
the endometrium, resulting from ovarian hormonal dys-
function or the continued use of exogenous estrogens (I,
2, 20-22), leads to a series of histopathologic changes
ranging from endometrial hyperplasia through dyspla-
sia to an autonomous cancer growth. Hereby, estrogens
could act as either promotors (23-25) or initiators of the
neoplastic process (26, 27). The importance of estrogen
in the tumorigenesis is, likewise, evident from animal
studies, in which the administration of estrogen to mice
and rabbits produced endometrial cancer (28, 29).

In animals, correlations of spontaneous endometrial
carcinomas with hormonal dysfunctions have not been
proved (30). Our studies, however, indicate that in
animals, at least in BD II/Han rats, ovarian hormones
play an essential role in the etiology of endometrial car-
cinomas. Since specific endocrinologic examinations
have not been performed, the results of our study allow
only this general statement.

We assume that an endocrine imbalance in the ovar-
ian hormonal metabolism participates in the tumori-
genesis of our rats. Such an imbalance appears to occur
earlier in virgins than in RB. Furthermore, it appears
likely that this endocrine imbalance could be correlated
with the cessation of the regular cycling.

Previous studies have shown that virgin rats of differ-
ent stocks and strains exhibit a constant estrus cycle at
about 12 months of age. Hereby, an unopposed level of
estrogen causes proliferation and hyperplasia of the
endometrial glands (37). Furthermore, Pleiffer (32) de-
scribes an adenocarcinoma in a female rat with an ex-
perimentally induced constant estrus. He indicates that
an endocrine imbalance played a definite role in the
tumorigenesis. Examination of vaginal smears from BD
II/Han rats revealed that irregularities in the normal
estrus cycle of a virgin rat begin as early as 9-10 months
of age, changing in nearly all rats to a constant estrus
for several months. In RB, this alteration of the estrus
cycle first appears in the latter stages of life. A signifi-
cant increase is observed 3 months post breeding. The
significantly lower incidence of endometrial carcinomas
in RB of the BD II/Han strain as compared with that of
the virgin controls may, therefore, be attributed to the
delayed occurrence of the endometrial carcinomas in
the RB.

Endometrial carcinomas in women have been observed

Spontaneous Endometrial Carcinoma in Rats

in connection with pituitary gland adenomas (33) and
granulosa or theca cell tumors of the ovaries (34, 35).
These have been attributed to a hormonal dysfunction
of the endocrinal glands. Pituitary gland adenomas are
common findings in aging rats (36). Similar findings
were not evident in our studies. The incidence of pitui-
tary gland adenomas was higher in non-tumor-bearing
than in tumor-bearing rats (table 1). Ovarian tumors
were not observed. Furthermore, follicular polycystic
degeneration of the ovaries, which results in unopposed
levels of serum estrogen, has been suggested to be
involved in endometrial carcinogenesis (37, 38). Such
alterations were occasionally observed in the present
study. We believe, however, that histologic evidence seen
only at the natural end of life must not be the same as
that in the initial stage of the disease.

Assuming ovarian hormones promote the malignant
development of previously transformed endometrial
cells, we set out in this study to identify exogenous
agents that affected our in-house stocks and strains and
that possibly were responsible for an initial malignant
transformation of endometrial cells. Comparing the
tumor incidences in the control rats and rats fed a puri-
fied diet free of phytoestrogens and carcinogens, it is
evident that an alimentary exogenous agent is not re-
sponsible for the endometrial transformations. The
same holds true for a chronic irritation of the endo-
metrium by bacteriologic inflammation, a condition
regularly observed in the tumor tissue but not to be
made responsible for the malignant transformation.

Supporting evidence was the development of endo-
metrial carcinomas in germfree animals, although to a
lower degree and later in life than that in the control
rats. The germfree status is responsible for the lower
tumor incidence; greater age of the tumor-bearing rats,
however, excludes inflammatory irritation due to bacte-
rial infection as a tumor-inducing factor. Although the
actual effect of the germfree status on the tumorigenesis
is not known, its tumor-inhibiting effect has, likewise,
been previously observed (39). In breast cancer it is sug-
gested that estrogens produced by intestinal bacteria are
involved in the causation of cancer (37). Such a hy-
pothesis could, likewise, be considered for the alteration
of the incidence of endometrial carcinomas in germfree
BD II/Han rats. From the definition of ‘‘germ-free
status” —the absolute absence of bacteria, parasites, and
fungi, as well as the partial absence of viruses—we must
concede that various viruses not selectively tested for
could act as initiators in the etiology of endometrial
carcinomas in our rats. Similar reasoning has been dis-
cussed for cervical cancer of women (40).

Although this study remains to provide a complete
explanation of the tumorigenesis of endometrial carci-
nomas in the rat strain studied, the findings support the
use of BD H/Han females as a suitable model for the
study of endocrinologic influences on endometrial can-
cer in women. Hereby, the nulliparity of the rats is of
interest because 40% of women with endometrial adeno-
carcinoma are nulligravid (41). As in women, the most
frequent cancers are endometrial adenocarcinomas, fol-
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lowed by low incidences of adenosquamous and ana-
plastic carcinomas (42). Furthermore, the differing fre-
quencies of tumors in Han:Wist™, DA/Han™, and BD
II/Han rats, kept under the same conditions, demon-
strate that BD II/Han rats evidently possess a high pre-
disposition for endometrial carcinomas.
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FIGURE 1.—Endometrial carcinoma starting with nodular hy-
perplasia in a uterine horn. X 4

FIGURE 2.—Endometrial carcinoma with widespread transco-
elomic metastases. X 0.8

FIGURE 3.—Glandular structures in a well-differentiated endo-
metrial adenocarcinoma. H & E. Bar=42 um.

FIGURE 4.—Glandular structures of an endometrial adenocarci-
noma containing numerous leukocytes. H & E. Bar =33 um.

F1GURE 5.—Neoplastic glandular structures of a poorly differ-
entiated adenocarcinoma embedded in extensive stromal
fibrosis. H & E. Bar=33 um.

FIGURE 6.—Cords of closely packed neoplastic cells in a poorly
differentiated adenocarcinoma with frequent mitotic figures.
Toluidine blue. Bar=30 um.

FIGURE 7.—Clusters of neoplastic cells of a uterine carcinoma
embedded in an amorphous eosinophilic ground substance.
H & E. Bar=33 pm.
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