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The present study was undertaken to examine the effects of cyclic administration of low-dose
progestogen on endometrial carcinogenesis in mice. A total of 115 female ICR mice, 10 weeks of age,
were divided into four experimental and control groups. Mice in groups 1-3 received laparotomy and
were injected with N-methyl-N-nitrosourea (MNU} solution at a dose of 1 mg/100 g body weight to
the left uterine tube and with normal saline to the right uterine tube. From one week after the MNU
exposure, groups 1 and 2 were given 5 ppm 175-estradiol (E;)-containing diet throughout the
experiment. Mice in group 1 received 5 s.c. injections of medroxyprogesterone acetate (MPA) (2 mg/
mouse) at intervals of 4 weeks from week 7. Group 3 was treated with MNU/normal saline alone.
Group 4 consisted of mice treated with MPA alone. At the termination of the experiment (week 30),
all animals were killed and antopsied for pathological examinations. Tt was found that adenocarci-
nomas and preneoplastic lesions developed in the bilateral uterine corpora in mice of groups 1-3.
MPA treatment significantly decreased the weight of the uterine corpus (P <0.05) and the incidences
of endometrial adenocarcinoma and atypical or adenomatous (P<0.001) but not cystic glandular
hyperplasias in the MNU/E-treated groups. Additionally, MPA treatment tended to decrease the
proliferating cell nuclear antigen-labeling index in endometrial glandular cells. These data indicate
that MPA, even at low dose, has an inhibitory effect on mouse endometrial carcinogenesis induced by

MNU and E;.
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The growth of endometrial cancer has been considered
to be estrogen-dependent for over 50 years." The inci-
dence has been increasing in Japan® as well as in Western
countries, plausibly due to estrogen-related nutrition.
The current view is that the disease might result from an
excess of estrogen accompanied with inadequate cyclic
exposure to progestogen.”) Recent evidence suggests that
use of estrogen/progestogen combined oral contracep-
tives,* ¥ and progestogen for estrogen replacement ther-
apy could prevent® occurrence of endometrial cancer. In
addition, progestogen is considered to reverse preneo-
plastic or neoplastic lesions of the endometrium.”® Me-
droxyprogesterone acetate (MPA) has been used exten-
sively in treatments of endocrine disorders and cancers
in the breast and endometrium.”® Although MPA has
been reported to be a non-genotoxic carcinogen for the
breast,''™ the effects of MPA on experimental endo-
metrial carcinogenesis have remained to be clarified.

Recently, we have developed a rapid induction model
for endometrial carcinogenesis by using N-methyl-N-
nitrosourea (MNUY) and 173-estradiol (E,).'*'® In the
model, MNU is applied in the uterine corpus by a single
injection, followed by feeding of a diet containing E,.'*

* To whom requests for reprints should be addressed.
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Using this model, a number of endometrial adenocarci-
noma and prencoplastic endometrial lesions that mimic
human ones develop within 30 weeks. The enhancing
effects of various types of natural estrogens on endo-
metrial carcinogenesis induced by MNU were demon-
strated by modifying the above model,’™ showing that
this experimental model is useful to examine the modify-
ing effects of xenobiotics.

The present study was conducted to examine the effect
of MPA on mouse endometrial carcinogenesis using this
experimental model. This experiment could also be re-
garded as an examination of the effect of progestogen for
estrogen replacement therapy on endometrial carcino-
genesis, where MNU was single-injected, E; was contin-
uously administered and MPA was given by low-dose
and cyclic administration. In addition, the levels of pro-
liferating cell nuclear antigen (PCNA) were measured in
histologically normal glandular cells of the endometrium
to clarify the effects of MPA.

MATERIALS AND METHODS

Animals and chemicals A total of 115 female ICR mice
(Japan SLC Co., Shizuoka), 10 wecks of age, were
housed in groups of 5 or 6 animals per plastic cage and



kept in an air-conditioned animal room at 25=5°C tem-
perature and 5515% relative humidity, under a 12-h
light/12-h dark cycle during the experiment. The basal
diet (Oriental MF, Oriental Yeast Co., Tokyo) and dis-
tilled water were available ad libitum throughout the
experiment, MNU was purchased from Nacalai Tesque
Inc. (Kyoto) and E; was obtained from Sigma Chemical
Co. (St. Louis, MO). MPA was kindly provided by
Kyowa Hakko Inc. (Tokyo).

Treatment The experimental design is shown in Fig. 1.
Mice in groups 1-3 received laparotomy under general
anesthesia with diethylether and were injected with
MNU solution (total volume: 0.1 ml) using a disposable
syringe (26 gauge) at a dose of 1 mg/100 g body weight
into the left uterine tube and with normal saline of equal
volume into the right uterine tube. One week after the
MNU exposure, the animals were divided into three ex-
perimental groups. Groups 1 (35 mice) and 2 (30 mice)
were given 5 ppm E;-containing diet throughout the
experiment. In addition, mice in group 1 were given five
s.c. injections of MPA at a dose of 2 mg/mouse every
4 weeks starting at week 7. After the exposure to MNU/
normal saline, group 3 (30 mice) received basal diet
alone, Group 4 (20 mice) was given s.c. MPA injections
alone. The experiment was terminated 30 weeks after the
MNU exposure. At the termination of the experiment, all
animals were killed and autopsied. All major organs,
especially the reproductive organs, were weighed and
grossly inspected. The uterus, ovaries, vagina and other
lesions suspected of being neoplastic and hyperplastic
were submitted to histological examination. Tissues were
processed for histology by the conventional method, and
sections (3 ¢m in thickness) were stained with hematoxy-
lin and eosin.
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Histology of the uterine lesions According to the WHO
criteria,'® uterine endometrial lesions were divided into
four lesions: cystic glandular hyperplasia, adenomatous
hyperplasia, atypical hyperplasia and adenocarcinoma.
Uterine cervical lesions were basically diagnosed accord-
ing to the criteria of Mufioz et al.'"” and divided into 3
main lesions: hyperplasia, dysplasia and squamous cell
carcinoma.

Immunohistochemical staining for PCNA The PCNA-
labeling index was evaluated in pathelogically normal
endometrial glandular cells in several mice of each group
by use of the avidin-biotin-peroxidase complex (ABC)
method described by Hsu et al.!® After deparaffinization,
endometrial sections were treated sequentially with
normal goat serum, anti-PCNA antibody (DAKO Japan
Co., Ltd., Tokyo), biotin-labeled goat anti-rabbit TgG
(1:400) and ABC. The peroxidase binding sites were
demonstrated by the diaminobenzidine method. PCNA-
positive nuclei were counted under a microscope and
expressed as a proportion of over 200 pathologically
normal endometrial glandular cells in five mice of each
group.

Statistical analysis Statistical analysis was done by using
the x* test or Student’s ¢ test.

RESULTS

Mean body weights and mean weights of the left or
right uterine corpus are summarized in Table I. The
mean weight of the MNU-treated left uterine corpus was
significantly greater than that of the control right uterine
corpus in mice of group 2 (P<<0.05) and was signifi-
cantly (P<<0.05) decreased by MPA treatment (group
1). The mean weight of the left or right uterine corpus in
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L 4 4 ! 1! d 1! +
Group 1 E. (5 ppm)-containing diet
(35 mice) .
i | +  Fig. 1. Experimental design. §: MNU solu-
tion at a dose of 1 mg/100 g body wt. was
Group 2 E. {5 ppm)-containing diet injected into the left uterine tube, and normal
(30 mice) saline into the right. MPA. ( } ) was injected s.c.
-+ at the dose of 2 mg/body. E,, 178-estradiol.
Group 3 Basal diet
{30 mice)
! ! ! ! J +
Group 4 Basal diet
(20 mice)
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mice of group 4 was significantly smaller than that in the
other three groups (P<0.001).

Histological examination revealed that there were neo-
plasms and preneoplastic lesions in the bilateral uterine
corpora in groups 1-3, as shown in Table II. Histologi-
cally, these tumors were well or moderately differentiated
adenocarcinomas and their occurrences were similar to
those in our previous reports.!* > Hardly any difference
of histological appearance was found in cases treated
with or without MPA. However, slight decidual changes
were found in the endometrial stroma in some mice
treated with MPA. The incidences of the preneoplastic
and neoplastic lesions in the uterine corpus are sum-
marized in Table II. The incidences of adenocarcinoma

of the left uterine corpus in mice of group 1 (7%) was
significantly lower than that in group 2 (33%) (P<
0.05). In the right uterine corpus, few adenocarcinomas
were observed in mice of groups 1-3.

Besides the neoplasms, preneoplastic lesions of the
uterine corpus were also found (Table IT}. The incidence
of atypical hyperplasia in the left uterine corpus of group
1 (13%) was significantly lower than that of group 2
(67%, P<0.001). The incidence of adenomatous hyper-
plasia in mice of group 1 (309%) was significantly lower
than that of group 2 (96%, P < 0.001). However, the inci-
dence of cystic glandular hyperplasia in the left uterine
corpus of group 1 (83%) was similar to that of group
2 (92%). In addition, a few non-epithelial tumors were

Table I. Mean Body Weights, and Mean Weights of Left and Right Uterine Corpus of Mice in Each
Group

Group Initial Effective Body weight Wet weight of
(Treatment) nun}ber of number of @ uterine corpus {g)

animals animals® Left Right

Group 1 35 30 4221659 0.331£0.092 0.261+0.06
{MNU/saline+E; +MPA)
Group 2 30 24 42.85.0 0.71£0.259 0.35+0.16
(MNU/saline +E,)
Group 3 30 26 48.0+5.9 0.47£0.33% 0.33%0.20
(MNU/saline alone)
Group 4 20 20 42.5+3.9 0.0710,020 0.08+0.03"

(MPA alone)

@) Animals that survived more than 15 weeks.
b) Mean=SD.

¢) Significantly smaller than in groups 2 and 3 (P<0.05).
d) Significantly heavier than on the right side (P<0.05).
e) This value was calculated after exclusion of one animal, which had a large hemangioma in the left

uterus.

f) Significantly smaller than in groups 1-3 (P<(0.001).

Table II. Incidence of Neoplastic and Prencoplastic Lesions in the Mouse Endometrium in Each Group
Effective Left uterine corpus Right uterine corpus
- Gf:o“l’ . number of Number of animals with Number of animals with

(Treatment) animals”  CGH" AdH ADC CGH AdH AtH ADC
Group 1 30 25 ged) 4% 29 20 109 4 1
{MNU/saline -+ E;+MPA) (83%) (30%) (13%) (7%) (67%) (33%) (13%) (3%)
Group 2 24 22 23 8 21 23 7 4
(MNU/saline+E;) (92%) (96%:) (67%) (33%) (88%) (96%) (29%) (8%)
Group 3 26 5 20 7 3 1 12 2 1
(MNU/saline alone) (19%) (77%) (27%) (12%) (4%) (46%) (8%) (4%)
Group 4 20 0 1 0 0 1 0 0 0
(MPA alone) (0%) (5%) (0%) (0%) (5%) (0%) (0%) (0%)

a) Animals that survived more than 15 weeks.

b) CGH, cystic glandular hyperplasia; AdH, adenomatous hyperplasia; AtH, atypical hyperplasia; ADC, adenocarcinoma,
c—¢} Significantly smaller than in group 2 (¢, P</0.001; ¢, P<{0.05) or group 3 (d, P<0.01).
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Table III. Incidence of Neoplastic and Preneoplastic Lesions in the Uterine Cervix of Mice in Each
Group

Group Effective number Number of animals with
(Treatment) of animals” Hyperplasia Dysplasia scch
Group 1 30 119 2 0
(MNU/saline + E; + MPA) (36%) (7%) (0%)
Group 2 24 g 2 0
{(MNU/saline + Ez) (33%) (8%) (0%)
Group 3 26 1 1 1
(MNU/saline alone) (49%) (4%) (4%)
Group 4 20 2 0 0
(MPA alone) (10%) (0%) (0%)

a) Animals that survived more than 15 weeks.
b) SCC, squamous cell carcinoma.

¢) Significantly higher than in group 3 or 4 (P<<0.001).

Table IV. PCNA-labeling Index of Histologically Normal
Glandular Cells in the Endometrium of Each Group

Group Number of animals PCNA-labeling
(Treatment) examined index
Group 1 5 29.3+4.7%
(MNU/saline + E;+MPA})

Group 2 5 3441164
(MNU/saline + Ez)

Group 3 5 314L£11.8
(MNU/saline alone)

Group 4 5 27.8%6.2
(MPA alone)

@) Mean+8D.

found only in the left uterine corpus in mice of groups 2
and 3. These were histologically leiomyosarcomas and
hemangiomas.

In the right uterine corpus treated with normal saline,
hyperplastic lesions were observed. The incidence of
atypical hyperplasia in mice of group 1 (13%) tended to
be lower than that of group 2 (29%), but the difference
was not statistically significant. The incidence of adeno-
matous hyperplasia in mice of group 1 (33%) was sig-
nificantly lower than that of group 2 (96%, P<0.001).
The incidence of cystic glandular hyperplasia in mice of
group 1 (67%) was similar to that of group 2 (88%).

Squamous cell carcinomas, dysplasias and hyperplasias
of the uterine cervix were seen in some mice of groups
1-3, as shown in Table II1. The incidences of hyperplasia
in mice of groups 1 and 2 were significantly higher than
those of groups 3 and 4 (P<<0.001).

In other organs, one mammary adenocarcinoma was
found in a mouse of group 3.

Data for PCNA-positive cells per 200 normal glandu-
lar cells are shown in Table IV. In histologically normal

glandular cells, the PCNA-labeling index in group 1
treated with MPA tended to be smaller than that in
group 2, without MPA. However, no significant differ-
ence was observed in any group.

DISCUSSION

The results in the present study indicate an inhibitory
effect of MPA on endometrial carcinogenesis induced
by MNU and E; in ICR mice, resulting in rednced inci-
dences of endometrial cancer, atypical hyperplasia and
adenomatous hyperplasia in the left uterine corpus (into
which MNU solution was directly injected) and a re-
duced incidence of adenomatous hyperplasia in the right
uterine corpus (Table II).

In the right uterine corpus in group 2, the incidences of
adenocarcinoma and atypical hyperplasia were relatively
low, compared with those in the left uterine corpus, into
which the MNU solution was directly injected. This may
explain why the inhibitory effect of MPA on the develop-
ment of these two lesions was not significant in the right
uterine corpus (group 1 vs. group 2; Table II).

Long-term E,; treatment is considered to induce a very
high incidence of cystic glandular hyperplasia of the
mouse endometrium. MPA treatment at the dose used in
the present study failed to reduce significantly the high
incidence of cystic glandular hyperplasia in group 2, in
contrast to its effect on other preneoplastic and neoplastic
endometrial lesions. Cystic glandular hyperplasia may be
different from other endometrial lesions.

1t has been reported that high dose and/or continuous
administration of MPA caused mammary carcinoma or
endometrial deciduoma in rodents.'>'* In those studies,
MPA was used at 40 mg/mouse/two months, while
MPA was given at 2 mg/mouse/month in the present
study. In the present study, neither deciduoma or mam-
mary carcinoma was seen in the group treated with
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MPA, indicating that the dose of MPA used in the pres-
ent study has no pathogenetic effect on the endometrial
stroma or mammary gland. Nagasawa et al.'” reported
that MPA inhibits the incidence of precancerous mam-
mary hyperplastic lesions induced by dimethylbenz[a]-
anthracene. It has been suggested that prolactin is a key
hormone for experimental mammary tumorigenesis,®
and that the low level of prolactin caused by MPA is
related to the inhibitory effect of MPA on mammary
tumorigenesis.” However, the effect of prolactin on en-
dometrial carcinogenesis might not be directly related to
the inhibitory effect of MPA in the present study, since
prolactin is not related to the growth of the endometrium
and its lesions, and MPA was given as cyclic small doses.
While the mechanism of MPA inhibition of endometrial
carcinogenesis remains to be clarified, progestogen antag-
onism of endometrial DNA synthesis and nuclear estro-
gen receptor formation is one possibility."*»

Cellular proliferation, as reflecied by the PCNA-
labeling index appears to be related to the action of
tumor promoters.””¥ In the present study, the PCNA-
labeling index in normal endometrial glandular cells
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