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Abstract Breast cancer, one of the most common neoplasms in women, develops more frequently in
those who are nulliparous or late parous, who experience early menarche and late menopause and have
a family history of breast cancer. Early parity, late menarche, early menopause, and hormone depriva-
tion exert a protective effect. The mechanisms modulating these variations in malignancy susceptibility
are not known. Epidemiologic and experimental studies indicate that malignancies develop in the mam-
mary gland as a result of exposure to carcinogenic stimuli (i.e.,, chemical carcinogens, radiation). Neo-
plastic transformation requires that the gland be under specific developmental and age-related condi-
tions at the time of exposure to such agents. In the rat, maximal susceptibility to neoplastic transforma-
tion is exhibited by the highly proliferating and undifferentiated gland of the young, virgin, intact fe-
males, whereas the fully differentiated gland of parous rats and virgin rats treated with the placental
hormone human chorionic gonadotropin is protected from tumor development. Hormonally induced
differentiation of the mammary gland is a novel approach to breast cancer prevention and therapy. The
development of clinical protocols capitalizing on the protective effect of hormonal treatments mimicking
pregnancy in humans is required to validate observations in experimental animal models, and to deter-
mine how they relate to epidemiologic and clinical findings. The feasibility of this approach is supported
by the observed parallelism between humans and experimental models in both the site of cancer origin
and the changes in breast development occurring with parity. Breast cancer initiates in terminal ductal
lobular units or lobules type 1, the most undifferentiated structures frequently found in the breast of
young nulliparous women. Lobules type 1 differentiate into lobules type 2, and these into type 3, which
progressively develop more alveoli. With pregnancy, these enlarge and rapidly progress to secretory
lobules type 4. Even after post-lactational involution, the breast remains more differentiated. Mammary
epithelial cells retain in vitro growth characteristics reflective of the degree of differentiation of the lobule
from which they were derived. The identification of morphological in vivo and in vitro proliferative cell
characteristics, response to hormones, and expression of gene products of differentiation are useful
intermediate endpoints for assessing the potential of the breast for neoplastic transformation and its
response to hormonal treatments leading to breast cancer prevention and therapy through induction of
differentiation.  © 1995 Wiley-Liss, Inc.
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Breast cancer in women has been recorded
from ancient times. Egyptian papyri dating back
to about 1600 BC make reference to this disease
[1] which in modern industrialized societies has

become the most frequent malignancy in women,
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derstanding of its biology and combined thera-
peutic modalities have improved survival, breast
cancer remains a lethal disease, second only to
lung cancer as a cause of cancer-related death
[2]. Failure to control this disease is attributed to
its complexity. Central to it is the endocrinology
of the female, which in its interaction with exog-
enous factors and lifestyle might contribute to
increase or decrease in the incidence of breast
cancer [2,3]. Important endocrinologic and repro-
ductive factors associated with breast cancer in-
clude nulliparity or age older than 30 years at
the first full-term pregnancy, early age at menar-
che, and late age at menopause. Reduced in-
cidence, on the other hand, is associated with
early parity, late menarche, and early menopause
[3]. Additional factors such as diet and obesity
also influence breast cancer risk; however, their
role is still unclear, since they seem to affect pre-
menopausal and postmenopausal women differ-
ently [4]. Familial history is increasingly impor-
tant; genomic linkage searches are identifying
women who have inherited dominant suscepti-
bility genes, such as BRCA1, localized to chro-
mosome 17q21, or BRCAZ2, to chromosome 13g-
12-13 [5]. Sporadic breast cancers, however, rep-
resent almost 95% of all cases, and their genesis
remains unknown.

Control of breast cancer requires a multidisci-
plinary approach. Surgical removal of the tumor
has been the first line of breast cancer therapy
since the first century AD [1]. Hormonal manip-
ulation was not introduced until the end of the
nineteenth century, when dependence of cancer
on the ovary was proposed by Schinzinger in
1889 and demonstrated through the beneficial
effects of oophorectomy by Beatson in 1896. This
new era in cancer therapy did not begin until
1953, when Huggins advocated removal of the
ovary as a source of estrogens [1]. Estrogens are
believed to stimulate cell proliferation, which in
turn leads to accumulation of random genetic
errors that result in neoplasia. Based on this con-
cept, one widely used approach to cancer control
has been reducing the rate of cell division
through administration of antiestrogenic com-
pounds such as tamoxifen, progestagens, gonad-
otropin releasing hormone (GnRH) analogues
and aromatase inhibitors [6]. Among these, tam-
oxifen has proven to be effective in both primary
and advanced breast cancer.

In animal studies, tamoxifen interferes with

the phases of tumor initiation and promotion [7].
Tamoxifen is species-, tissue-, and cell type-speci-
fic [8]. In the pubertal rat, tamoxifen promotes
full ductal development in the mammary gland
[9]; in the mature cycling animal it acts as an
antiestrogen, causing atrophy of lobular struc-
tures [10]. Tamoxifen treatment in postmeno-
pausal women results in upregulation of the pro-
portion of ductal cells expressing estrogen re-
ceptor [11]. The use of tamoxifen in postmeno-
pausal women has been advocated because of its
beneficial effect in reducing blood lipids, isch-
emic heart disease, bone mineral metabolism and
osteoporosis [12]. But it is also associated with
the development of endometrial cancer [13],
thromboembolic events [14], and ocular compli-
cations [15].

The unopposed-estrogen window hypothesis
of breast cancer etiology has to a great extent
guided these therapeutic approaches. However,
breast epithelial cells are observed to exhibit
maximal rates of proliferation during the proges-
tational phase of the menstrual cycle; during the
follicular phase, when estrogen levels prevail,
proliferation is relatively low. Researchers have
concluded that the combination of estrogen and
progesterone appears to have a greater stimula-
tory effect than estrogen alone on cell division of
the mammary epithelium [16]. This realization
led other investigators to propose using GnRH
analogues that inhibit ovulation and decrease the
hormonal levels of premenopausal women to
those of postmenopausal women [17].

Other chemopreventive agents proposed for
use in breast cancer are monoterpenes [18] and
retinoids [19]. Natural and synthetic vitamin A
analogues, with their cyto-differentiating effect
on acute promyelocytic leukemia cells [20], have
inhibited mammary tumors induced by a variety
of carcinogens [19]. This effect is manifested by
decreased tumor incidence and multiplicity and
increased latency of tumor development. How-
ever, the mechanism of action of retinoids on the
mammary gland has not been clearly elucidated.
It has been suggested that the chemopreventive
efficacy of pharmacological doses of retinoids
might relate to their observed inhibition of cell
proliferation and the subsequent inhibition of
morphologic development [19]. Based upon ob-
servations in animal models, a randomized clini-
cal trial of retinoid efficacy on breast cancer che-
moprevention is currently underway [21].
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REPRODUCTION AND
BREAST CANCER RISK

A full-term pregnancy completed before age
30 reduces the overall risk of breast cancer devel-
opment by a magnitude of four-fold, and the
protection is conferred for life [3,22]. Under-
standing the intimate mechanisms by which an
early first full-term pregnancy in women confers
protection against breast cancer is important,
since it represents a physiological process which
might induce architectural and cell kinetic
changes such as those observed in experimental
models [23-30] that make the organ refractory to
cancer. This knowledge might have significant
implications in our understanding of the biology
of breast cancer, and more importantly, might
serve as a physiological basis for developing
strategies for breast cancer prevention and cure
[31-34]. Our studies have focused on elucidating
the pathogenesis of rat mammary cancer, identi-
fying where malignant and benign lesions origi-
nate, and discovering factors that modulate the
susceptibility of specific structures to neoplastic
transformation [23-26]. Among these factors,
pregnancy is a major modifier of the carcino-
genic potential of the organ [27-30]; we have
successfully used hormonal stimulation of virgin
rats in an attempt to mimic the protective effect
of pregnancy [31-34]. The knowledge gained
from these studies served as the basis for testing
the hypothesis that the human breast might ex-
hibit similar developmental and cell kinetic char-
acteristics which predispose it to neoplastic de-
velopment [35].

DIFFERENTIATION AND
MAMMARY CARCINOGENESIS

Our studies on the pathogenesis of rat mam-
mary carcinomas induced by the chemical carcin-
ogen 7,12-dimethylbenz(a)anthracene (DMBA)
led us to conclude that the ability of the carcino-
gen to transform this organ is modulated by and
inversely proportional to its degree of differentia-
tion [29,30]. This postulate is supported by the
observation that administering DMBA to 40-
60 day-old young virgin rats induces the largest
number of mammary tumors, whereas admin-
istering it to older or parous animals results in
lower tumor incidence. The peak of maximal sus-
ceptibility, also called susceptibility window, coin-

cides with the period in which the mammary
gland contains numerous undifferentiated termi-
nal ductal structures or terminal end buds (TEBs)
actively cleaving into alveolar buds (ABs) [25,26].
The TEB is highly susceptible to neoplastic trans-
formation due to the high proliferative rate of its
epithelium, as determined by mitotic and DNA
labeling indices [24-27]. These two indices are
very high in the TEB and decrease toward the
ductal or proximal portions of the gland, and in
more differentiated structures such as ABs and
lobules [24-27]. TEBs affected by the chemical
carcinogen enlarge due to dilatation of the lumen
and proliferation of the epithelial lining, which
becomes multilayered or emits papillary projec-
tions; at this stage they are called intraductal
proliferations (IDPs). IDPs progressively grow in
size, and adjacent structures become confluent,
leading to the formation of microtumors, histo-
logically classified as intraductal carcinomas and
invasive adenocarcinomas [23,30,35].

Mammary carcinogenesis is significantly in-
hibited when rats have completed one pregnancy
with or without lactation prior to exposure to the
carcinogen [24-26]. The protective effect ob-
served after pregnancy appears to be permanent,
since a delay of 21 or 63 days in the administra-
tion of DMBA does not ameliorate the inhibition
of tumorigenesis [32]. This protection is attrib-
uted to permanent structural changes induced in
the mammary parenchyma by reproductive pro-
cesses [23,24,30,32]. The mechanism of the refrac-
toriness of parous females, vis-a-vis young virgin
and old virgin female rats, is due to decreased
cell proliferation, decreased carcinogen binding,
and increased DNA repair capability of the
mammary epithelium, all of which result from
the increased differentiation of the mammary
gland [27,28].

Pregnancy represents a physiological, and
therefore ideal, mechanism of mammary cancer
prevention. Based on this knowledge, we hy-
pothesized that induction of conditions that
mimic pregnancy in virgin rats would result in
similar reduction in cancer incidence. We have
been able to mimic the protective effect exerted
by pregnancy by treating young virgin rats with
the placental hormone human chorionic gonad-
otropin (hCG) [31-33]. hCG Treatment of 50 day-
old virgin rats for the length of pregnancy, 21
days, followed by administration of 8 mg
DMBA/100 g body weight given by gastric gav-
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age at 21 or 63 days after cessation of the hor-
monal treatment, reduced mammary carcinoma
incidence in a dose-dependent manner [31-34].
Like pregnancy, hCG induced full differentiation
of the mammary gland, morphologically mani-
fested as a reduction in the number of TEBs due
to a profuse lobular development, depression in
DNA synthesis, inhibition of carcinogen binding
to cellular DNA, and increased ability of the cells
to repair DNA damage [32-34,36]. Once the in-
hibitory effect of hCG treatment on cancer initia-
tion was proven, we tested the effect of the same
hormonal treatment on tumor progression. Fifty
day old virgin rats received the usual 8 mg
DMBA/100 g body weight dose and were left
undisturbed for 21 days in order to allow IDPs
and early ductal carcinomas to develop. A daily
treatment with 100 IU hCG was then initiated
and maintained for 60 days. The hormonal treat-
ment produced a significant reduction in the
number of tumors and adenocarcinomas per ani-
mal in comparison with controls. These results
indicate that hCG inhibits tumor progression by
acting on cells already initiated in the neoplastic
process [33,37]. The complex interactions of hCG
with the ovarian follicle and corpus luteum, in
which it stimulates the synthesis of estrogen,
progesterone and inhibin, and with the mam-
mary epithelium, in which it stimulates inhibin
synthesis [36], are presently under intense invest-
igation in our laboratory.

THE HUMAN BREAST

Studying the human breast requires defining
the sex, age and reproductive history of the host
before any description or definition of its archi-
tecture, development, function or hormone re-
sponsiveness are made. This is because the mam-
mary gland lags behind other organs in its de-
gree of development at birth, and no other organ
presents such dramatic changes in size, shape
and function as does the breast during growth,
puberty, pregnancy and lactation [38]. Breast de-
velopment study can be systematized by defin-
ing and quantitating various parenchymal com-
ponents developed during different phases of
body growth and sexual maturity [38]. Four dif-
ferent lobular structures, lobules type 1, 2, 3, and
4, have been characterized in the breast of post-
pubertal women, each representing one specific

stage of breast development [38]. Type 1 lobules
are most undifferentiated. Also called virginal
lobules, they are present in the immature female
breast before menarche; they are composed of
clusters of 6 to 11 ductules per lobule. Lobules
type 2 evolve from type 1 and have a more com-
plex morphology with a higher number of duc-
tular structures per lobule. They progress to lob-
ules type 3, characterized by having an average
of 80 ductules or alveoli per lobule; these are fre-
quently seen in the breast tissue of women under
hormonal stimulation or during pregnancy. The
lobule type 4, which develops during the last
trimester of pregnancy and remains present in
the breast during the lactational period, is not
found in prepubertal or nulliparous postpubertal
women. The lobule type 4 is considered to be the
maximal expression of parenchymal develop-
ment and differentiation [38]. The breast tissue of
nulliparous women is predominantly composed
of more undifferentiated lobules type 1, although
occasional lobules type 2 and 3 are present [39].
The architecture of the nulliparous woman's
breast remains constant throughout her lifespan.
The parous woman's breast has predominately
lobule type 3, which peaks during the early re-
productive years, decreasing after the fourth dec-
ade of life [39]. It is interesting to note that a
history of parity between the ages of 14-20 years
correlates with a significant increase in the num-
ber of lobules type 3, which remain as the pre-
dominant breast structure until age 40. After this
age, the number of lobules type 3 decreases as
they involute to predominantly lobules type 1
[39].

The importance of defining the various types
of lobules present in the breast tissue of women
of different ages and parity histories becomes
evident when the presence of specific types are
correlated with structures present in cancer bear-
ing breasts [40]. Human breast cancer patho-
genesis indicates that preneoplastic lesions, such
as atypical ductal hyperplasias (ADH), which
evolve to ductal carcinoma in situ, and progress
to invasive carcinoma, originate in lobules type 1
[35]. Lobules type 2 are postulated to originate
atypical lobular hyperplasia (ALH) and lobular
carcinoma in situ, and lobules type 3 to be the
site of origin of secretory adenomas, fibroadeno-
mas, sclerosing adenosis and apocrine cysts.
These observations indicate that the degree of
differentiation or lobular development of the
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mammary gland influences the type of tumors
developed in the human breast [35].

An analysis of breasts which included the pre-
sence or absence of cancer in addition to parity
revealed that breasts of nulliparous women with-
out cancer and of nulliparous women with can-
cer had similar architectures. Both had lobule
type 1 as the predominant structure, with a
lower percentage of lobules type 2 and even
lower type 3. In both groups the difference in
relative percentage between lobules type 1 and 3
was highly significant [40). The breast tissue of
parous women without cancer contained pre-
dominantly lobules type 3 and a significantly
lower percentage of lobules type 1 [40]. Parous
women with breast cancer, on the other hand,
had as the predominant structure the lobule
type 1, with lower percentages of lobules type 2
and 3. These results indicated that the pattern of
breast development in parous women who de-
veloped the disease was similar to that of nullip-
arous women. These results confirm our hypoth-
esis that the degree of breast development is of
importance in discerning susceptibility to carci-
nogenesis, and that parous women who develop
breast cancer might exhibit a defective response
to the differentiating effect of pregnancy hor-
mones [36]. These findings indicate that the
study of breast architecture through the quantita-
tion and characterization of specific lobular
types, indicators of the greatest level of differen-
tiation achieved by the organ, provides valid
endpoints for assessing breast differentiation.
These parameters would, in turn, allow research-
ers to assess the risk of the gland to undergo
neoplastic transformation when exposed to given
genotoxic agents. In addition, they can be uti-
lized as intermediate endpoints for assessing the
effectiveness of chemopreventive or hormone
preventive agents [36].

CONCLUSIONS

Our experimental system has allowed us to
determine that pregnancy induces differentiation
of the mammary gland, which results in protec-
tion of this organ from chemically induced carci-
nogenesis. The stimulus of pregnancy can be
simulated in virgin animals by treatment with
exogenous hormones, mainly the placental hor-
mone hCG. Our studies found new evidence that
hCG protects the mammary gland against carcin-

ogenic initiation and progression, mimicking the
physiological process of pregnancy without crip-
pling other reproductive or endocrine functions.
The importance of both differentiation and cell
proliferation in tumor initiation and progression
validates their use as endpoints for assessing the
effect of hormones on the mammary gland prior
to and after initiation of carcinogenesis. Collec-
tively, our results provide solid bases for devel-
oping physiologic means of breast cancer preven-
tion and control. The protection conferred by
these processes, maintained even after the termi-
nation of either pregnancy or hormonal treat-
ment, clearly indicates that differentiation in-
duced by them is a permanent modification of
the mammary glands' biological characteristics,
even though the differentiated structures have
regressed to seemingly more primitive condi-
tions. Conclusions drawn in the experimental
system have been validated for their application
to the human situation through comparative
studies in these two species.
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