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It is well established that pregnancy early in life reduces the risk of
breast cancer in women and that this effect is universal. This
phenomenon of parity protection against mammary cancer is also
observed in rodents. Earlier studies have demonstrated that short-
term administration of estradiol (E) in combination with proges-
terone mimics the protective effect of parity in rats. In this study,
the lowest effective E dosage for preventing mammary cancer was
determined. Rats were injected with N-methyl-N-nitrosourea at 7
weeks of age; 2 weeks later, the rats were subjected to sustained
treatment with 20 mg, 100 mg, 200 mg, or 30 mg of E in silastic
capsules for 3 weeks. Treatments with 100 mg, 200 mg, and 30 mg
of E resulted in serum levels of E equivalent to those of pregnancy
and were highly effective in preventing mammary cancer. E treat-
ment (20 mg) did not result in pregnancy levels of E and was not
effective in reducing the mammary cancer incidence. In another set
of experiments, we determined the effect of different durations of
E with or without progesterone treatments on mammary carcino-
genesis. These experiments indicate that a period as short as
one-third the period of gestation is sufficient to induce protection
against mammary carcinogenesis. The pioneering aspect of our
study in contrast to long-term estrogen exposure, which is thought
to increase the risk of breast cancer, is that short-term sustained
treatments with pregnancy levels of E can induce protection
against frank mammary cancer.

Breast cancer is the most common cancer among women
worldwide. The incidence of breast cancer in the United

States for the year 2000 was estimated to be '184,200 new cases
(1). The epidemiological evidence provides strong support for
the concept that environmental, hormonal, and genetic factors
affect the risk for development of breast cancer (2–6). Among
the various recognized reproductive risk factors are age at
menarche, age at first pregnancy, and age at menopause, all of
which seem to suggest that endogenous ovarian steroids may
profoundly affect the process of carcinogenesis (3, 6, 7).

Various studies reveal that nulliparous women have a higher
risk of breast cancer compared with women who have undergone
single or multiple pregnancies early in life (8–10). The protective
effect of pregnancy is universal, and pregnancy is the only
normal physiological condition that consistently prevents breast
cancers in all ethnic backgrounds in all countries without known
adverse effects (8–10). The phenomenon of parity protection
against mammary carcinogenesis is also observed in rats and
mice. Moon (11) demonstrated that parous rats exposed to
chemical carcinogens developed fewer cancers compared with
virgin rats. Earlier Marchant (12) and very recently Medina and
Smith (13) have demonstrated that pregnancy provides protec-
tion against mammary carcinogenesis in mouse models. Short-
term administration with ovarian steroids [estrogens and pro-
gesterone (P)] or human chorionic gonadotropins either before
or after carcinogen treatment decreases the incidence of mam-
mary cancers in rodents (14–22). Although hormone treatments
administered before or after carcinogen administration induce
protection from mammary carcinogenesis, it is not established
whether they work through similar mechanisms. Recently in our

laboratory we have demonstrated that administration of preg-
nancy levels of estradiol (E) with P shortly before or after
carcinogen treatment drastically reduces mammary cancer inci-
dence and multiplicity (23). These studies demonstrated that
protection against mammary carcinogenesis could be achieved
by treatment with physiological levels of E and P for 21 days (rat
gestation period) or less (23).

The actual mechanism involved in parity protection or hor-
mone-induced protection against breast cancer is yet to be
clearly defined. The most widely accepted explanation for
pregnancy protection against mammary cancer is that the pro-
tective effect is attributable to the pregnancy-induced differen-
tiation of the target structures, terminal-end buds, and terminal
ducts for carcinogenesis, thus reducing the target cells for
carcinogenesis (24). The other explanation for pregnancy pro-
tection against mammary cancer is that pregnancy primes the
maternal immune system against pregnancy-related antigens
which are expressed during the growth of mammary tumors
(25–28). Furthermore, the splenocytes of parous rats have
significantly higher cytotoxic activity against mammary tumor
cells when compared with virgin controls (29). It has been
reported that parous rats have decreased levels of mammogenic
hormones, and this decrease has been attributed to the de-
creased incidence of mammary cancers in these animals (30, 31).
In our laboratory, we had shown that differentiation of the
mammary gland alone was not enough to confer protection
against mammary cancer (23). Sivaraman et al. (32) and Medina
et al. (22) suggest that protective hormone treatment results in
persistent alterations in intracellular pathways governing prolif-
eration responses to carcinogenesis, and also reported that
complete differentiation of the mammary gland was not
an obligatory prerequisite for protection against mammary
carcinogenesis.

The current experiment was undertaken to determine whether
a short-term sustained exposure to pregnancy levels of E alone
will provide long-term protection against chemical carcinogen-
induced mammary cancer in rats. If it can be achieved, it will
provide first-hand evidence that estrogen can have a profound
beneficial effect on the prevention of mammary cancer, depend-
ing on mode of administration and treatment duration. To
address questions dealing with optimal dosing of E plus P or E
alone that would result in parity-like protection against mam-
mary carcinogenesis, we performed various studies. The specific
questions included (i) What is the lowest dose of E required to
confer protection against N-methyl-N-nitrosourea (MNU)-
induced rat mammary carcinogenesis? (ii) Do the preventive
effects of E relate to pregnancy levels of E? (iii) Is complete
lobulo-alveolar differentiation of the mammary gland required
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for protection? (iv) What is the shortest treatment duration for
the different treatments to confer protection?

Materials and Methods
Animals. Virgin Lewis rats were purchased from Harlan Sprague–
Dawley (Indianapolis and San Diego). The rats were housed in
a temperature-controlled room with 12-h lightydark schedule.
They were fed food (Teklad 8640; Teklad, Madison, WI) and
water ad libitum. All of the procedures followed Univ. of
California Animal Care and Use Committee guidelines.

Carcinogen Treatment. A single i.p. injection of MNU (Ashe
Stevens, Detroit) at a dose of 50 mgykg of body weight was given
to all rats at 7 weeks of age. MNU was dissolved in physiological
saline that had been adjusted to pH 5.0 (33).

Hormone Treatment. All of the hormone treatments in the fol-
lowing experiments were started 2 weeks after the administra-
tion of the carcinogen. The hormones were packed in individual
silastic capsules (size 0.078 inch i.d. 3 0.125 inch o.d., 2 cm in
length; Baxter Health Care, Mundelein, IL). All doses of E 17b
(Sigma) were packed in the silastic capsules in a cellulose matrix
except for a 30-mg dose of E that was packed with the hormone
alone. P (30 mg; Sigma) was packed into the silastic capsules
without any matrix. Control animals received empty silastic
capsules. All silastic capsules were dorsally implanted s.c. All
capsules were primed before implantation by soaking in media
199 (GIBCO) overnight at 37°C.

Effect of Different Doses of E on Prevention of Mammary Carcino-
genesis After Exposure to MNU. When the rats were 9 weeks of
age, they were divided into 5 groups, each group consisting of
12 rats and receiving one of the following treatments: (i)
control, (ii) 20 mg of E, (iii) 100 mg of E, (iv) 200 mg of E, and
(v) 30 mg of E. Each treatment was continued for 3 weeks and
at the end of the treatment, the silastic capsules were removed
from the animals. All of the hormone treatments were given
for a 3-week period because the rat gestation period lasts 21
days.

Effect of Different Doses and Durations of E and P on Prevention of
Mammary Carcinogenesis After Exposure to MNU. Rats were divided
into following groups: (i) control, (ii) 100 mg of E plus 30 mg
of P administered for 2 weeks, (iii) 100 mg of E administered
for 2 weeks, (iv) 200 mg of E plus 30 mg of P administered for
1 week, (v) 200 mg of E administered for 1 week, (vi) 100 mg
of E plus 30 mg of P administered for 1 week, and (vii) 100 mg
of E administered for 1 week. All of the hormone treatments
were given by silastic capsules. Each group consisted of 14–16
rats.

Whole-Mount Analysis of Mammary Glands of the Treated Animals.
For morphological analysis of gland development, the anterior
abdominal (no. 4) glands from either side were removed by
normal surgical procedure immediately after the different treat-
ments and were fixed in 10% neutral buffered formalin, defatted
in acetone, hydrated, stained in alum carmine, washed in water,
dehydrated in graded alcohols, and stored in histoclear (34).
They were photographed to record development in terms of
ductal growth and lobulo-alveolar differentiation.

Hormone Assay. Blood was collected by cardiac puncture from
animals of all of the different groups on the day the treatment
was discontinued. Serum was separated, frozen, and assayed for
E 17b by using the solid phase RIA kit purchased from
Diagnostics Product (Los Angeles).

Mammary Carcinogenesis. Rats were palpated once every week
beginning 1 month after carcinogen exposure for 9 months to
monitor for mammary cancer development. Histopathological
examination was performed to confirm the carcinomatous na-
ture of the palpable tumors.

Statistics. The effects of the different hormonal treatments were
analyzed by using the x2 test for 2 3 2 contingency tables and
Student’s t test. Values with P , 0.05 were considered significant.

Results
Effect of Different Doses of E on the Mammary Gland Morphology (Fig.
1). The 3-week treatment with 20 mg, 100 mg, 200 mg, or 30 mg
of E resulted in morphological changes in the mammary gland
compared with untreated control rats. Administration of 20, 100,
or 200 mg of E resulted in mammary glands with lobulo-alveolar
structures similar to those seen in early pregnancy. The mam-
mary glands of rats treated with 30 mg of E were fully differ-
entiated, similar to those seen in late pregnancy, with numerous
lobules and alveoli filled with secretion and did not have any
terminal-end buds.

Effect of Different Doses of E on Serum E Levels. Blood was collected
immediately after the 21-day treatment period for assay of E
levels. Control animals had 16.2 6 2.9 pgyml of E in the serum.
Treatment with 20 mg, 100 mg, 200 mg, and 30 mg of E resulted
in serum E levels of 49, 67, 94, and 143 pgyml, respectively. Three
weeks of treatment with 20 mg of E resulted in serum levels of
E lower than pregnancy levels, whereas treatments with 100 mg,
200 mg, or 30 mg of E resulted in levels of serum E equivalent
to those found during pregnancy, and these values are in
agreement with earlier observations on pregnancy levels of E
(refs. 35–37; Table 1). Serum levels of E have been found to
range from 55 to 630 pgyml during pregnancy in Long Evans and
Sprague–Dawley strains of rats (35–37).

Fig. 1. Effect of different doses of E in silastic capsules on the mammary
gland morphology (332). (A) Mammary gland of an untreated 12-week-old
virgin Lewis rat. (B) Mammary gland of virgin rats treated with 20 mg of E. (C)
Mammary gland of virgin rats treated with 100 mg of E. (D) Mammary gland
of virgin rats treated with 200 mg of E. (E) Mammary gland of virgin rats
treated with 30 mg of E. Note that treatment with doses of 200 mg or less of
E does not result in full lobulo-alveolar development by the end of the
treatment.
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Effect of Different Doses of E on the Mammary Cancer Incidence and
Multiplicity. The effect of 3 weeks of E treatment on mammary
cancer incidence and multiplicity is shown in Table 2. Rats
treated with 200 mg or 30 mg of E had a cancer incidence of 0%
compared with 82% in control rats at 6 months after carcinogen
treatment. Nine months after administration of the carcinogen,
control animals had 100% mammary cancer incidence, whereas
rats that had received 100 mg, 200 mg, or 30 mg of E for 3 weeks
resulting in pregnancy levels of serum E had a greatly reduced
incidence (17%) of mammary cancer. Treatment with 20 mg of
E resulting in 73% incidence was not significantly different
compared with controls. The control animals had a cancer
multiplicity of 3.0 6 0.5, whereas rats treated with 20 mg, 100 mg,
200 mg, and 30 mg of E had a drastically lowered multiplicity of
1.1, 0.6, 0.3, and 0.2, respectively. The dose of 100 mg of E was
as effective as 30 mg of E in inducing protection from mammary
carcinogenesis. The protective effect of these doses of E was
highly significant compared with controls. Rats treated with 100
mg or 200 mg or 30 mg of E for a 3-week period after MNU
treatment developed '90% fewer mammary carcinomas during
the 9-month observation period compared with control rats that
did not receive any hormone treatments. Rats treated with 20 mg
of E treatment had 61% fewer mammary carcinomas compared
with the control rats (Table 2). All doses of E used significantly
increased the latency of mammary cancers compared with the
controls (Fig. 2).

Effect of Different Duration of Treatment and Doses of E With or
Without P on Mammary Cancer Incidence. Treatment with different
doses of E (100 and 200 mg) alone or in combination with 30
mg of P were given for 1 or 2 weeks after carcinogen
administration to determine whether shorter duration treat-
ments of E alone or in combination with P could prevent
mammary carcinogenesis (Table 3). Control rats receiving
MNU followed by empty silastic pellets had an 87% incidence
of mammary cancers with an average of 2.1 cancers per rat at
9 months after the administration of carcinogen. Rats treated
with 100 mg of E plus 30 mg of P for 2 weeks exhibited a

mammary cancer incidence of only 20% (average no. of
mammary cancers per rat 5 0.3). Treatment with 200 mg of E
plus 30 mg of P for 1 week decreased the mammary cancer
incidence (14%) and reduced the number of cancers per rat
(0.2) significantly, compared with the controls. A dose of 100
mg of E plus 30 mg of P given for 1 week significantly decreased
the incidence of mammary cancers (21%) and the average
number of cancers per rat (0.4) compared with the controls. A
1-week treatment with 200 mg of E drastically decreased the
mammary cancer incidence (20%) and the average number of
cancers per rat (0.2) when compared with the controls. E
treatments of 100 mg for 1 or 2 weeks also decreased the
mammary cancer incidence to 37% and 44%, respectively. The
average number of cancers per rat was also significantly
decreased compared with the controls after 1 and 2 weeks (0.6)
of E treatment. Even the 1-week treatments with E alone or in
combination with P were effective in increasing the latency
period of mammary cancers compared with the control groups
(Table 3). There was no significant difference between E or E
plus P treatments in conferring protection against mammary
carcinogenesis.

Discussion
It is well established that an early full-term pregnancy induces
a refractory state of the mammary gland against carcinogen-
esis in both humans (8–10) and rodents (11–13). This refrac-
toriness can be attained by a single pregnancy with or without
accompanying lactation (11, 38, 39). During pregnancy, many
hormones act to cause proliferation and differentiation of the
mammary gland. The mammary gland is exposed to high levels
of ovarian (estrogens and P), pituitary (prolactin and growth
hormone), and placental [human chorionic gonadotropin
(hCG)] hormones. It is not known which of the myriad of
hormonal changes during pregnancy is responsible for confer-
ring parity protection. However, earlier studies have demon-
strated that hormonal regimens comprised of the ovarian
steroids E and P (14, 18, 23, 40) or human chorionic gonad-

Table 1. Serum levels of E 17b after short-term E treatments

Dose of E E 17b, pgyml

Control 16.2 6 2.9
20 mg of E 49.9 6 12.4
100 mg of E 67.8 6 13.9
200 mg of E 94.9 6 17.4
30 mg of E 143.5 6 23.9

Shown are serum levels of E in virgin rats treated with different doses of E
for 3 weeks. Note 100 mg, 200 mg, and 30 mg of E treatment resulted in
pregnancy level of E (35–37).

Table 2. Effect of short-term E treatment on mammary
carcinogenesis

Treatment

No. of rats
with cancer

per no. of rats

Percent of
rats with

mammary cancer

Average no.
of cancers

per rat

Control 11y11 100 3.0 6 0.5
20 mg of E 8y11 73 1.2 6 0.4*
100 mg of E 2y12 17*** 0.6 6 0.4**
200 mg of E 2y12 17*** 0.3 6 0.2***
30 mg of E 2y12 17*** 0.2 6 0.1***

Effect of different doses of E on mammary carcinogenesis. Rats were
treated with MNU at 7 weeks of age. At 9 weeks of age, the rats were treated
with various doses of E for 3 weeks. *, P , 0.05; **, P , 0.01; ***, P , 0.001
(compared to control).

Fig. 2. Effect of different doses of E treatment on mammary carcinogenesis
in MNU-exposed rats. Rats treated with 100 mg, 200 mg, and 30 mg of E had a
significant reduction in mammary cancer incidence compared with the con-
trols. All of the different doses of E treatment used significantly increased the
latency period and decreased the multiplicity of mammary cancers compared
with the controls.
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otropins (20) can provide protection against rat mammary
tumorigenesis similar to pregnancy.

We have also shown that physiological levels of ovarian
steroids can provide a parity-like protection (23), and we now
report the results of additional studies involving different doses
and durations of these hormones. Treatment for 21 days with
various doses of E resulted in a dose-dependent increase in blood
levels of E. All doses of E tested, except for the 20 mg dose,
resulted in levels of E equivalent to pregnancy levels and were
capable of conferring protection against mammary carcinogen-
esis with respect to both incidence and multiplicity compared
with controls. The lower dose of 20 mg of E, which did not result
in pregnancy level of E, was also unavailable to reduce the
incidence but was effective in decreasing the multiplicity and
increasing the latency. These data suggest that there is a thresh-
old level below which the treatment is not effective in conferring
full protection. The higher doses of E resulting in pregnancy
levels of E were highly effective in not only lowering the
mammary cancer incidence but also in decreasing the multiplic-
ity of mammary cancers and prolonging the latency of the
cancers.

The Russos (24) have put forth the hypothesis that preg-
nancy protection against mammary cancer is caused by the
pregnancy-induced differentiation of the target structures,
terminal-end buds, and terminal ducts. In this study, different
doses of E resulted in varying morphological changes in the
mammary glands, ranging from incomplete to complete dif-
ferentiation similar to that seen during late pregnancy and
early lactation. The doses of E (100 and 200 mg) used in the
present study did not result in complete differentiation of the
mammary gland but were as effective as the higher-dose E (30
mg) treatment groups in preventing mammary carcinogenesis.
The results of the experiments reported herein again demon-
strate that complete morphological differentiation of the
mammary gland induced by hormones is not a compulsory
requirement for inducing the refractory state. These findings
confirm our earlier result (23) that demonstrated complete
differentiation of mammary glands by the use of perphenazine,
a dopamine receptor inhibitor causing acute release of pro-
lactin, did not result in parity-like protection. Other investi-
gators have also demonstrated that complete morphological
differentiation of the mammary gland induced by hormones is
not an obligatory prerequisite for inducing the refractory state
(22, 32, 39). Taken together, these results demonstrate that the
parity protection is not the result of differentiation of the
mammary gland per se. Rather, it is the increasing level of
ovarian steroids, among a myriad of hormonal changes taking
place during pregnancy, that are the major determinants of
parity protection against mammary cancer. The results from
exposure to different doses and durations of E with or without
P demonstrate that sustained exposure to pregnancy levels of

E even as short as 1 week are effective in reducing the
incidence of mammary cancer. This finding suggests that a
pregnancy level of E is a major factor in conferring a protective
effect against mammary cancers. Epidemiological evidence
demonstrates that a full-term pregnancy is required to confer
protection against mammary cancer, whereas our result show
a short-term sustained treatment for one-third the length of
pregnancy is as effective as full-term pregnancy. This study
suggests that sustained treatment with pregnancy levels of E
for a short period is likely to be a highly effective means for
conferring protection against frank mammary cancer.

Recently it has been reported that several apoptotic genes like
testosterone-repressed prostate message 2 (TRPM2), IL-1-beta-
converting enzyme (CE), p53, c-myc, and bcl-XS were activated
in rats which were administered with human chorionic gonad-
otropin (hCG) for protection before carcinogen treatment (41).
This report also has stated that hCG induced the synthesis of
inhibin, a protein with tumor-suppressor activity. Thordarson et
al. (30, 31) and Abrams et al. (42) reported that protection
against mammary cancers in parous rats was not permanent but
plastic. When parous rats were injected with MNU and the
mammary glands were observed at autopsy for the total number
of occult tumors, they did not show any significant difference
compared with the controls (43). It has also been demonstrated
that the levels of growth hormone and prolactin are reduced in
parous rats compared with their age-matched controls (30, 44).
Parous women have persistently decreased levels of prolactin
compared with nulliparous women (45), and this finding has
been correlated with the decrease in the risk of breast cancer.
These results suggest that parity-induced protection against
mammary cancer may result from a reduced promotional envi-
ronment for cancer development. Although there are various
mechanisms and reasons attributed to the phenomenon of
pregnancy protection or hormone-induced protection against
breast cancers, none of them have been proven.

In summary, our results demonstrate that short-term sus-
tained treatment with any dose of E resulting in pregnancy levels
of circulatory E, soon after carcinogen administration, is highly
effective in inducing refractoriness to carcinogen-induced rat
mammary carcinogenesis. We have consistently observed that a
combination of E plus P has a better protective effect compared
with the corresponding treatments of E alone. From the mor-
phology of the mammary glands of the protected rats, it is clearly
evident that complete differentiation is not a prerequisite for
conferring protection. Our treatment duration studies show that
treatment as short as 1 week corresponding to one-third the
duration of rat pregnancy can induce protection against mam-
mary carcinogenesis. Recent findings demonstrate estrogen can
alter the adult brain neuroanatomy and reorganize neuronal
connections (46). Hence, we speculate that the protective effect
may be the result of a persistent alteration in the hypothalamo-

Table 3. Effect of short-term treatments with E alone or with P on mammary carcinogenesis

Treatment
No. of rats with cancer

per no. of rats
% of rats with

mammary cancer
Average number
of cancers per rat

Mammary cancer
latency†

Control 13y15 87 2.1 6 0.4 16.3 6 4.1
100 mg of E 1 30 mg of P (2 weeks) 3y15*** 20 0.3 6 0.1** 24.7 6 4.8
100 mg of E (2 weeks) 7y16* 44 0.6 6 0.2* 18.0 6 3.2
200 mg of E 1 30 mg of P (1 week) 2y14*** 14 0.2 6 0.1** 26.0 6 6.0
200 mg of E (1 week) 3y15*** 20 0.2 6 0.1** 19.4 6 3.0
100 mg of E 1 30 mg of P (1 week) 3y14*** 21 0.4 6 0.3* 28.0 6 1.5
100 mg of E (1 week) 6y16** 37 0.6 6 0.2* 23.7 6 2.6

Effect of short-term treatment with E with or without P treatments on MNU-induced mammary carcinogenesis. Rats were treated with MNU at 7 weeks of
age and treated 2 weeks later with E alone or in combination with P for 2 weeks or 1 week. *, P , 0.05; **, P , 0.01; ***, P , 0.001 (compared to control).
†Average number of weeks to the appearance of the first palpable tumor.
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hypophyseal axis, resulting in reduced circulating levels of
mammogenic hormones such as growth hormone and prolactin,
which provide the promotional environment for mammary car-
cinogenesis. This alteration may also explain the persistent
decrease in prolactin levels in women who have undergone a
full-term pregnancy. Unlike the long-term estrogen exposure,
which is thought to increase the risk of breast cancer, our short

short-term sustained treatments with pregnancy levels of E can
induce protection against mammary carcinogenesis.
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