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Summary. In addition to spontaneous uterine endome- 
trial adenocarcinomas at a high incidence (35.1%), devel- 
opment of  endometrial hyperplasia/adenoma was also 
frequently detected in rats of  the Donryu strain. The total 
yield of  all observed proliferative endometrial lesions was 
very high (60.6%). The tumors arose commonly in the 
uterine horn of  aged rats. Histologically, most demon- 
strated glandular structures, consisting of  cuboidal or co- 
lumnar cells with weak eosinophilic or basophilic cy- 
toplasm and large nuclei. In about half of  the animals 
with adenocarcinomas, metastasis to remote organs such 
as the lung was observed. Histological examination of  the 
ovary and vaginal epithelium revealed ovarian cysts, 
atrophy of  the ovary and cornification of  the vaginal ep- 
ithelium more frequently in rats with endometrial carci- 
nomas than in animals without tumors. These findings 
indicate that adenocarcinoma development in Donryu 
rats is associated with endocrine imbalance [increased 
serum estrogen: progesterone (EE:P)ratios ]. By compara- 
tive investigation of  strain differences, it was confirmed 
that irregular estrous cycles began earlier with higher in- 
cidence in Donryu rats than in F344 rats, a low-incidence 
strain. Histological findings of  the ovary and vaginal ep- 
ithelium also suggested relatively increased estrogen 
levels in Donryu rats compared to F344 rats. Estimated 
plasma values of  gonad steroids showed that the EE:P 
ratio in Donryu rats at 12 months of age was about  five 
times that in F344 rats. These results therefore indicate 
that hormone imbalance, particularly an increased E2:P 
ratio, may play an important  role in the spontaneous oc- 
currence of  endometrial adenocarcinoma in Donryu 
rats. 
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Introduction 

Endometrial carcinoma is one of  common malignant tu- 
mors found in women and a steady increase in its inci- 
dence has been observed during the last decade in West- 
ern industrial countries and also in Japan. An association 
between endocrine imbalance and endometrial carcino- 
mas has been documented in the literature, and it has 
been pointed out that estrogen may play a most impor- 
tant role in the development of  the tumors (Fox 1984; 
Hilliard and Norris 1979; Lingeman 1979; Zeil 1982). It 
is well known that estrogen-related endometrial lesions 
undergo progression from cystic to adenomatous hyper- 
plasia to carcinoma (Gusberg and Kaplan 1963). While 
spontaneous uterine neoplasms are fairly common in 
rats, the most common type of  spontaneous uterine tu- 
mor is the endometrial stromal polyp, and endometrial 
adenocarcinomas have been considered to be very rare in 
many rat strains such as Fischer and Sprague-Dawley 
(Goodman et al. 1979; Imai and Yoshimura 1988; Sol- 
leveld et al. 1984; Thompson et al. 1961). Previously we 
reported spontaneous tumor development in F344/ 
DuCrj (Maekawa et al. 1983) and NRC:Donryu  rats 
(Maekawa et al. 1986b). A high incidence (35%) o fendo-  
metrial adenocarcinoma was observed in Donryu  rats, 
while the incidence of  this tumor was under 1% in F344 
rats. 

In the present report, we describe the histological and 
biological characteristics of  Donryu  spontaneous endo- 
metrial carcinomas and discuss their pathogenesis in rela- 
tion to strain differences in hormonal  environment. Their 
value as an animal model for human endometrial adeno- 
carcinoma is briefly discussed. 
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Materials and methods 

One hundred female inbred Japanese albino NRC:Donryu rats were 
purchased from Nippon Rat Co. Ltd. (Urawa). The rats examined 
were used as control group animals for a long-term carcinogenicity 
study (Maekawa et al. 1987b). A total of approximately 150 F344/ 
DuCrj rats (Charles River Japan Inc., Atsugi), used as controls for 
three recent carcinogenicity studies (Maekawa et al. 1984, 1986a, 
1987a), were also examined for comparative assessment of strain 
differences. Rats of both strains were housed 4 animals to a plastic 
cage, and kept in an air-conditioned barrier-system animal room at 
24+ 1~ with a relative humidity of 55-t-5%. F344 and Donryu 
rats were maintained with basal diets, CRF-I (Oriental Yeast Co., 
Tokyo) and CE-2 (CLEA Japan Inc. Tokyo), respectively, and ob- 
served until about 120 weeks of age. The precise housing conditions 
of both rat strains and the occurrence of spontaneous tumors in the 
various organs of these rats have been described in our previous re- 
ports. All reproductive organs and related organs and/or tissues 
were fixed in buffered 10% formalin, processed and sectioned rou- 
tinely, stained with hematoxylin and eosin, and examined micro- 
scopically. 

About an additional 100 rats of both strains were also used for 
sequential examination of vaginal smears or plasma gonad steroid 
levels. For the latter, blood was collected periodically from the ab- 
dominal aorta and centrifuged at 3000 g for 10 min, and the plasma 
was stored at - 80 ~ C until assayed. The plasma values of estradiol- 
17fl and progesterone were estimated respectively with estradiol di- 
rect radioimmunoassay (Sorin Biomedica, Cis, France) and DPC 
progesterone (Diagnostic Product Corporation, Los Angeles) kits. 

Results 

Spontaneous endometrial adenocarcinorna incidence 
in rats 

Fig. 1. Macroscopic appearance of an endometrial adenocarcinoma 
observed in a Donryu rat killed at the l l4th week. The tumor 
originated from the right uterine horn. 

Table 1. Incidences and types of spontaneous uterine tumors 'in 
Donryu and F344 rat strains 

Sample size and 
uterine tumor type 

Incidence (%) 

NRC : Donryu a F344/DuCr j b 

No. of rats examined 94 297 
Adenocarcinoma 35.1 1.0 
Adenoma 2.1 1.3 
Endometrial stromal polyp 1.1 21.2 
Endometrial stromal sarcoma 2.1 2.4 

" Maekawa et al. (1986b) 
b Maekawa et al. (1983) 

The incidences and types of spontaneous uterine tumors 
in Donryu rats were compared with those in F344 rats 
taken from our previous report (Maekawa et al. 1983). 
As summarized in Table 1, uterine tumors were relatively 
common in both rat strains, although the predominant 
histological types differed considerably. In Donryu rats, 
the endometrial adenocarcinoma was the most common 
type with incidences of  35.1%. In addition, endometrial 
hyperplasia/adenoma development was also detected 
with high incidence in Donryu rats, to give a very high to- 
tal yield of  60.6% for all proliferating endometrial le- 
sions. On the other hand, in F344 rats the most frequently 
observed uterine tumors were endometrial stromal 
polyps, the incidences of  endometrial adenocarcinoma 
being under 1%. 

Pathological findings regarding Donryu rat 
endometrial adenocarcinoma 

Adenocarcinomas arose mainly in one or both of  the 
uterine horns, about 75% of the tumors being restricted 
to this region (Fig. 1). In 10% of cases the tumors that de- 
veloped in the corpus region seemed to invade the horns, 
In questionable cases it could not be determined whether 
the tumors originated from the corpus uteri or the uterine 
horns. Adenocarcinomas presented as solid nodules with 
or without projection into the uterine lumen. Sometimes 
hemorrhage and intra-nodular cyst formation were ob- 

served and, in many cases, adhesion to the surrounding 
tissue/organs because of  invasion into the serosa and 
widespread transcoelomic metastasis were evident. 

Histologically, most of  the tumors demonstrated 
glandular structures. An irregular proliferation of  atypi- 
cal glands and epithelia, consisting of  one or more layers 
ofcuboidal or columnar cells with weak basophilic or eosi- 
nophilic cytoplasm and large nuclei (Fig. 2), was charac- 
teristic, and tumor cells often infiltrated through the 
muscularis to the serosa (Fig. 3). In more anaplastic 
neoplasms, tumor cells were smaller and severe cellular 
and structural atypia and abundant mitotic figures were 
prominent. Glandular structures were not obvious in 
some of  these cases (Fig. 4). Adenocarcinomas often in- 
vaded the adjacent abdominal organs and metastasis to 
remote organs such as the lung was frequently observed 
(Fig. 5). Thus, in 45% of animals with adenocarcinoma, 
distant metastasis was detected. Squamous metaplasia- 
like change was seen in uterine glands of  about one-fifth 
of  the animals. About  two-thirds of  the endometrial car- 
cinomas were well-differentiated adenocarcinomas and 
the other one-third belonged to the poorly differentiated 
type. In addition to adenocarcinomas, atypical hyper- 
plasias or adenomas of the endometrium were also ob- 
served frequently in the Donryu strain of  rats. These le- 
sions were glandular and lined by a single layer of  cuboi- 
dal or columnar cells. Cystic dilatation of  the glands was 
found in some cases of atypical hyperplasia. The lesions, 
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Fig. 2. Well-to-moderately differentiated endometrial adenocarcinoma detected in a Donryu rat killed at the 120th week. Irregular prolifer- 
ation of atypical glands consisting of one or more layers of cuboidat or columnar cells with weak basophilic or eosinophilic cytoplasm. Large 
nuclei are prominent. H&E, x 150 

Fig. 3. Lower magnification of another adenocarcinoma found in a Donryu rat killed at the 120th week. Tumor cells are observed infiltrating 
through to the serosa. H&E, x 75 

Fig. 4. Anaplastic or poorly differentiated uterine carcinoma observed in a Donryu rat killed at the l l4th week. Tumor cells are small and 
severe cellular and structural atypia and abundant mitotic figures are prominent. Glandular structures are not obvious. H &E x 150 

Fig. 5. Lung metastasis of an endometrial adenocarcinoma of a Donryu rat kilted at the 114th week. H&E, x 30 

Table 2. Coincident occurrence of spontaneous uterine adenocar- 
cinoma and other endocrine tumors in female Donryu rats 

Tumor Incidence (%) Coincidence (%) 
location 

Actual Expected 

Uterus (adeno- 35.1 - 
carcinoma) 

Pituitary 34.4 4.2 12.1 
Thyroid 8.3 1.0 2.9 
Adrenal 11.5 3.1 4.0 
Mammary 41.7 8.3 14.6 
Ovarian 2.1 0 0.7 

however ,  were a lways  rest r ic ted to  the  e n d o m e t r i u m  and  
character is t ics  o f  ma l ignancy  were absent .  

Relation between endometrial carcinomas 
and endocrine tumors in Donryu rats 

The  coinc idence  be tween spon taneous  endocr ine  t u m o r s  
a n d  endomet r i a l  c a r c inomas  was examined ,  bu t  in each 

case values  were unde r  the  expected  levels, as shown in 
Tab le  2. 

Histological findings in the ovary 
and vaginal epithelia of  Donryu rats 

The  h is to logica l  f indings  for  the o v a r y  and  vag ina l  
ep i the l ia  in D o n r y u  ra ts  wi th  u ter ine  a d e n o c a r c i n o m a  
were  c o m p a r e d  wi th  those  in ra ts  w i thou t  tumors .  

As  shown in Tab le  3, fo l l icular  cysts (Fig.  6) and  a t ro -  
phy  were obse rved  mos t  f requent ly  in the ovar ies  o f  ra t s  
wi th  a d e n o c a r c i n o m a s ,  to  an in t e rmed ia te  ex tent  in those  
d e m o n s t r a t i n g  hype rp l a s i a  and  mos t  ra re ly  in ra ts  wi th-  
ou t  any  lesions. Absence  o f  follicles was on ly  de tec ted  in 
ra ts  wi th  a d e n o c a r c i n o m a .  In the  vagina ,  co rn i f i ca t ion  o f  
the ep i the l ium (Fig.  7) was de tec ted  m o r e  f requent ly  in 
ra ts  wi th  a d e n o c a r c i n o m a  or  a d e n o m a / h y p e r p l a s i a  t han  
in ra ts  w i thou t  p ro l i fe ra t ive  lesions. In  con t ras t ,  the  inci-  
dence o f  c o l u m n a r  ep i the l ium- l ike  cells (Fig.  8) was 
lowest  in rats  wi th  a d e n o c a r c i n o m a  and  h ighes t  in those  
w i thou t  any  e n d o m e t r i a l  p ro l i fe ra t ive  lesions.  Absence  o f  
the c o r p o r a  lu tea  occur red  wi th  a lmos t  equal  f r equency  
in each g roup  o f  rats .  
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Fig. 6. Polyfollicular cysts and atrophy of the ovary in a Donryu rat 
with uterine adenocarcinoma killed at the 88th week. H&E, x 30 

Strain differences in spontaneous endometrial carcinoma 
development and gonad steroid levels in the plasma 

His to log ica l  changes  in the  ova ry  and  vagina l  epi thel ia  in 
D o n r y u  ra ts  were c o m p a r e d  wi th  those  in F344  rats  for 
the pu rpose  o f  es t imat ing  the h o r m o n a l  env i ronmen t  in 
these two strains.  In  the presen t  examina t ion ,  the  inci- 
dence o f  endome t r i a l  c a r c inomas  in F344 ra ts  was 
sl ightly h igher  t han  tha t  in the  ra ts  r epor t ed  prev ious ly  
(Table  1, M a e k a w a  et al. t983).  As  shown in Tab le  4, 
D o n r y u  ra ts  showed higher  incidences o f  ova r i an  cysts, 
absence o f  c o r p o r a  lutea and  corn i f ica t ion  o f  vagina l  ep- 
i the l ium t h a n  d id  F344 rats .  In  cont ras t ,  F344  ra ts  had  a 
m a r k e d l y  h igher  incidence o f  co lumnar  epi the l ium-l ike  
cells in the vag ina  than  d id  D o n r y u  rats.  

Fig. 7. Cornification of the vaginal epithelium found in a Donryu 
rat killed at the 70th week. H&E, x 75 

Fig. 8. Columnar epithelium-like cells of the vaginal epithelium in 
a F344 rat killed at the age of 110 weeks. H&E, x75 

Table 3- Histological changes in the ovary and vaginal epithelium of Donryu rats with or without uterine lesions 

ttistological type No. of 
of uterine rats 
endometrium 

Incidence (%) 

Ovary Vagina 

Cyst Absence of Absence of Atrophy Corni- Columnar 
corpus luteum follicle fication epithelium 

Adenocarcinoma 33 33.3 54.5 
Adenoma/hyperplasia 24 25.0 54.2 
Normal 34 11.8 58.8 

6.1 39.4* 27.3 18.2 
0 20.1 41.7 25.0 
0 11.8 8.8 41.2 

* Significantly different from normal (P< 0.05, )~a-test) 

Table 4. Histological fndings in the ovary and vaginal epithelium of Donryu or F344 rats 

Strain No. of Incidence (%) 
rats 
examined Uterus Ovary Vagina 

Adeno- Cyst Absence of Absence of Atrophy Corni- Columnar 
carcinoma corpus luteum follicle fication epithelium 

Donryu 94 35.1 23.4* 57.4' 2.1 24.5 23.4* 27.7* 
F344 146 4.1 8.2 7.5 8.2 15.8 7.5 79.5 

* Significantly different from F344 rats (P<0.01,)~2-test) 
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Table5. Changes of mean plasma estrogen:progesterone (E2/P) 
ratios in F344 and Donryu rats 

Strain No. of 
rats/months 

10 3 • E2/P for rats aged (months) 

1.5 6 8 10 12 

Donryu 5- 9 3.83 3.31 2 .57  3 .20  4.92 
F344 4-11 2.52 3 .99  1 .54  2 .10  0.96 

To confirm strain differences in the reproductive pat- 
tern, sequential changes in vaginal epithelium were inves- 
tigated by vaginal smear. In Donryu rats, irregular es- 
trous cycles began at 5 months of  age and about  90% ani- 
mals showed persistent estrus at the age of  9 months. In 
contrast, in F344 rats, vaginal smears showed regular es- 
trous cycles at 9 months of  age and only few cases of per- 
sistent estrus at 12 months of  age. 

Plasma estrogen and progesterone levels were esti- 
mated for Donryu and F344 rats at 6 weeks, 6, 8, 10 and 
12 months of  age. In Donryu rats, plasma values of 
gonad steroids, estrogen and progesterone decreased 
with age. The decrease of  progesterone was more severe 
than that of  estrogen. In contrast, the decrease of  es- 
trogen was much less pronounced and the slight increase 
of  progesterone continued until 12 months of  age in F344 
rats. As a result, estrogen/progesterone (Ez/P) ratios in- 
creased with age after 10 months in Donryu rats but de- 
creased in the F344 strain, as shown in Table 5. The Ez/P 
ratio in 12-month-old Donryu rats was therefore about 
five times that of  F344 rats at the same age. 

Discussion 

In rats, naturally occurring endometrial adenocarcino- 
mas have been generally thought to be rare, as reviewed 
earlier by Baba and Haam (1976) and also by Goodman 
and Hildebrandt (1987). Recently, Han:Wistar or BDII/  
Han rats were also described to have a high incidence of  
spontaneous uterine adenocarcinomas (Deerberg et al. 
1981; Deerberg and Kaspareit  1987). Although the pres- 
ently observed incidence of  this tumor in Donryu rats was 
a little lower, inclusion of  other proliferative lesions in the 
endometrium presenting as hyperplasia or adenomas re- 
vealed an impressive total yield. In the present study, 
there was a difference in diets between Donryu  and F344 
rats. However, there was no important  difference in the 
main nutritional components of  those diets. 

Histological findings for endometrial adenocarcino- 
mas in Donryu  rats were very similar to those described 
in women. The observation ofendometrial  hyperplasia at 
high incidence in this rat strain was of particular impor- 
tance, because it has been considered that adenocarcino- 
mas arising in the human situation are associated with 
adenomatous hyperplasia (Gusberg and Kaplan 1963). 
An additional similarity was that, as in man, the fre- 
quency of  metastasis to remote organs in the Donryu rats 
was high, although metastases of  spontaneous tumors in 
rats are generally very rare. 

An association between endocrine imbalance and en- 
dometrial carcinomas has been documented in the litera- 
ture, and it has been pointed out that estrogen may play 
a most important  role in development of  the tumors (Fox 
1984; Hilliard and Norris 1979; Lingeman 1979; Zeil 
1982). In experimental animals such as mice and rabbits, 
there is supportive evidence that endometrial adenocarci- 
nomas can be induced by administration of  estrogen 
(Gardner and Ferrigno 1956; Griffith et al. 1963; Meissner 
et al. 1957; Mufioz et al. 1979). In rats, however, it is well 
known that induction of  this tumor is very difficult with 
estrogen alone (Baba and von Haam 1976; Goodman 
and Hildebrandt 1987). 

A relationship between uterine adenocarcinomas and 
endocrine tumors, especially pituitary or ovarian tumors, 
has been documented in women (Barnes et al. 1981; 
Dockerty and Mussey 1951). These have been attributed 
to hormonal  dysfunction. While pituitary gland adenoma 
is one of  the most common spontaneous tumors in aging 
female rats, the coincidence of  uterine adenocarcinoma 
with pituitary adenoma development in Donryu  rats was 
under the statistically expected value in the present study. 
One granulosa cell tumor was also observed in the ovary 
of a Donryu rat without any uterine lesions. The results 
thus indicate that there is no correlation between uterine 
adenocarcinomas and endocrine tumors in rats, as also 
reported in the BDII /Han case (Deerberg and Kaspare i t  
1987). 

Recently, Deerberg and Kaspareit  (1987) did report  
that a constant estrous cycle appeared in the early stage 
of  life in BDII /Han rats, which are known to have a high 
incidence of spontaneous uterine adenocarcinomas. The 
differences observed in the present study regarding estrus 
between high-incidence Donryu  and low-incidence F344 
rats are thus directly in line with the report. 

It has been pointed out that follicular polycystic de- 
generation of  the ovary results in an unopposed increase 
in serum estrogen levels in humans (Futterweit 1984). In 
experimental animals, polycystic ovaries were observed 
in BDII /Han rats with spontaneous endometrial adeno- 
carcinoma (Deerberg and Kaspareit  1987) and also in 
rats with adenocarcinomas induced by N-methylni- 
trosourea (Verdeal et al. 1986). Cornification of  the vag- 
inal epithelium can be also used as the index of the serum 
estrogen level. In Donryu rats with adenocarcinoma in 
the present study, the incidences of follicular cysts, atro- 
phy of  the ovary and cornification of  the vaginal epithe- 
lium were all elevated as compared to animals without 
endometrial lesions. Moreover,  similar tendencies were 
observed in rats with precancerous lesions such as adeno- 
mas or hyperplasias. These results suggest that the es- 
trogen level might increase relatively in rats with adeno- 
carcinoma or adenoma/hyperplasia lesions. Further- 
more, the columnar epithelium-like cells in the vagina, 
which are commonly observed in pregnant rats and are 
thought to be related to luteinization, were lowest in rats 
with endometrial carcinoma. This result indicates that 
serum progesterone levels may be higher in low-risk rats. 
Additional evidence for these conclusions was provided 
by the finding that ovarian cysts, absence of  corpora 
lutea and cornification of  vaginal epithelium are more 
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f requent  in D o n r y u  ra ts  t han  in the  F344 strain,  while the 
la t te r  were f o u n d  to have  the h igher  incidence o f  co lum-  
na r  ep i the l ium- l ike  cells in the vagina .  

The  hypo thes i s  m e n t i o n e d  above  was di rec t ly  sup- 
p o r t e d  by  the es t ima ted  p l a s m a  values  o f  g o n a d  steroids.  
The  Ez/P  ra t io  in D o n r y u  rats  was  thus  a b o u t  five t imes 
tha t  in F344  ra ts  a t  12 m o n t h s  o f  age. M o r i k a w a  et al. 
(1982) descr ibed  how increased  endogenous  E2/P ra t ios  
resul t ing f rom a h o r m o n a l  imba lance ,  such as pers i s ten t  
estrus ,  cons t i tu te  one h igh- r i sk  fac tor  for  d e v e l o p m e n t  o f  
spon t aneous  endome t r i a l  c a r c inomas  in androgen-s te r i -  
l ized rats.  G o t t a r d i s  et al. (1982) fu r the rmore  r epor t ed  
tha t  po lycys t ic  disease  o f  the ovar ies  and  endome t r i a l  hy-  
pe rp la s i a  induced  in rats  by  m e t h y l n i t r o s o u r e a  t r ea tmen t  
were a c c o m p a n i e d  by  reduced  se rum p roges t e rone  levels 
wi th  loss o f  the n o r m a l  es t rous  peak ,  bu t  n o r m a l  es t rogen 
concen t ra t ions .  These  results  all  indicate  tha t  an in- 
c reased  endogenous  Ez/P  ra t io  is a mos t  i m p o r t a n t  fac tor  
in the spon t aneous  occur rence  o f  u ter ine  endome t r i a l  
ca rc inomas .  The  observed  s t ra in  difference in the inci- 
dence o f  the  a d e n o c a r c i n o m a s  can therefore  be a t t r i bu t ed  
to the d i f ferent  h o r m o n a l  env i ronmen t  in D o n r y u  a n d  
F344 rats.  

The  results  o f  the  p resen t  s tudy  suggest  tha t  D o n r y u  
ra ts  m a y  serve well for  an  a p p r o p r i a t e  an ima l  m o d e l  o f  
h u m a n  e n d o m e t r i a l  a d e n o c a r c i n o m a ,  because  the  h is to-  
logical  f indings,  b io logica l  behav io r  and  pa thogenes i s  o f  
the  t u m o r s  a p p e a r  essent ial ly  s imi lar  to those  in man .  
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