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Abstract. We have investigated the potential of genistein, an estrogenic component of
soy, when administered neonatally, to manifest a protective effect against chemically
induced mammary cancer. Female Sprague-Dawley rats were treated on Day 2, 4, and
6 postpartum with genistein or dimethyisulfoxide (vehicle). To induce mammary car-
cinogenesis, all animals were subsequently exposed on Day 50 postpartum to di-
methylbenz(a)anthracene. Animals treated neonatally with genistein had increased
latency and reduced incidence and multiplicity of mammary tumors compared with
vehicle-treated animals. Cell differentiation studies in mammary whole mounts re-
vealed that neonatal genistein treatment resulted in decreased numbers of terminal
end buds and increased numbers of lobular structures. A precocious maturation of
undifferentiated terminal end buds to more differentiated lobules may account for
neonatal genistein treatment protecting against chemically induced mammary

cancer.

[P.S.E.B.M. 1995, Vol 208]

reast cancer is the most common cancer among

U.S. females and is the second leading cause of

cancer death among women. In the last de-
cade, the incidence of breast cancer has increased at a
rate of approximately 2% per year (1). There is a con-
cern that our industrialization has contributed to this
increase via the production and contamination of our
environment with estrogenically active xenobiotics
(2). On the other hand, there may also be the potential
for protection against hormone-responsive cancers
from the phytochemicals in the food we eat.

Our investigations into nutritional prevention of
breast cancer occurred as a result of the serendipitous
observation that neonatal estrogen treatment inhibited
the appearance of spontaneous and chemically in-
duced mammary tumors (3, 4). Since such estrogens
(diethylstilbestrol) are also associated with other types
of cancer, we sought an estrogenically active compo-
nent to prevent mammary cancer which has little or no
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toxic effects. Such a compound is the isoflavone
genistein, a phytochemical component of soybeans.

Genistein is a diphenolic planar molecule with an
aromatic A-ring. It has a second oxygen atom 11.5 A
from the one in the A-ring and a molecular weight
similar to those of the steroidal estrogens. Genistein
has been shown to have estrogenic properties in re-
ceptor binding assays (5, 6), cell cultures (7), and uter-
ine weight assays (8-10). It has also been shown to
inhibit DN A topoisomerase activity (11) and tyrosine
protein kinases (12). While genistein given at high
doses to neonatal rats has been reported to alter the
hypothalamic-pituitary axis (13), we know of no re-
ports that soy products cause any adverse develop-
mental effects in humans. In the rat, Barnes and col-
leagues have shown that powdered soybean chips, iso-
lated soy protein, and soy molasses can reduce the
number of mammary tumors induced by dimethyl-
benz(a)anthracene (DMBA) and N-nitroso-N-methyl-
urea (NMU) (14, 15). Other researchers have shown
that isolated soy protein is chemopreventive in the
NMU model of breast cancer, even when given five
weeks after initiation by NMU, suggesting that it may
have antipromoter effects (16).

Oriental women and men, consuming a traditional
diet high in soy products, are reported to have low
incidences of breast and prostate cancer (17, 18). Soy-
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based diets contain high levels of isoflavones, and
isoflavonic phytoestrogens including genistein are nor-
mal constituents of human urine from subjects con-
suming large amounts of whole-grain products and
vegetables high in soy products (18). It was the objec-
tive of this study to investigate the potential of
genistein when given during the neonatal period to
protect against chemically induced mammary cancer
in the rat.

Materials and Methods

Sprague-Dawley-CD timed pregnant rats were ob-
tained from Charles River Breeding Laboratories, Ra-
leigh, NC. At the time of birth, all dams were trans-
ferred from Prolab 3000 animal diet (Agway Inc., Syr-
acuse, NY) to AIN-76A diet (Madison, WI). AIN-76A
is a semipurified diet that does not contain ‘‘estro-
gens.”’ The offspring were sexed, all females retained
and randomly distributed to the dams with enough
males added to leave 10 offspring/litter. After ear
marking the offspring, one-half of the females from
each litter received 5 mg genistein in 20 wl dimethyl-
sulfoxide (DMSO) and the rest of the females received
the vehicle only. This treatment was administered sc
on Day 2, 4, and 6 postpartum (day of birth counted as
Day 1). Animals were weaned at Day 23 postpartum.
At Day 50 postpartum all animals received, via gav-
age, 8 mg DMBA/100 g body weight. Animals were
subsequently palpated weekly for mammary tumors
until they reached the age of 230 days, the tumors
exceeded 2.5 cm in diameter or the animals became
moribund. The location and time of appearance of
each tumor were charted. Upon necropsy, all tumors
were excised, recorded as to location and weighed.

Mammary whole mounts of the superior abdomi-
nal glands were prepared by the methods of Banerjee
et al. (19) and the Russos (20). The glands were ex-
cised, spread on slides and processed for staining with
alum carmine, dehydrated in graded alcohols, cleared
in xylene, and then mounted on a slide with Permount.
Coded whole mounts were examined under light-
microscopy at 40X and 100X and scored for the num-
ber and ratio of terminal end buds, terminal ducts, and
lobules. The criteria for identification of the structures
are based on the work of Russo et al. (21, 22).

The tumorigenesis data were analyzed using the
mathematical modeling approach proposed by Ko-
koska et al. (23). Standard analyses were conducted
using the Wilcoxon rank sum test and the Fisher exact
test.

Results

The tumorigenesis data revealed significant differ-
ences in the distribution of tumor appearance times
between the two groups (Fig. 1). The mean time to

detection in animals treated neonatally with DMSO as
compared with animals treated neonatally with
genistein was 87 * 37 and 124 + 33 days, respectively
(P < 0.001). At 190 days post-DMBA treatment, 100%
of the DMSO-treated animals had tumors, while only
88% of the genistein-treated animals had tumors. The
mean numbers =SEM of tumors per animal were 6.35
+ 0.67 and 3.67 = 0.45 for DMSO- and genistein-
treated animals, respectively (P < 0.001). Similar body
weights were recorded for animals treated neonatally
with genistein or with the vehicle, DMSO.

We subsequently investigated the effects of neo-
natal genistein treatment on the developmental matu-
ration of the mammary gland in animals not receiving
the DMBA treatment. Whole mounts of the superior
abdominal glands of 50- and 90-day-old female rats
treated neonatally with genistein and DMSO were ex-
amined for their state of differentiation (8, 19). At 50
days of age, the mammary glands of genistein-treated
females had significantly fewer terminal end buds and
more lobules than glands from DMSO-treated females
(Table I). At 90 days of age, there were very few ter-
minal end buds and there were significantly greater
numbers of lobules III in the genistein-treated animals
(P < 0.001).
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Figure 1. Ontogeny of palpable mammary tumors in female rats
treated neonatally with genistein and dimethylsulfoxide (DMSO)
and at Day 50 postpartum with dimethylbenz(a)anthracene
(DMBA). Female Sprague-Dawley rats were treated (sc) with 5
mg genistein or 20 pl DMSO on Day 2, 4, and 6 postpartum.
DMBA was administered by gavage at 8 mg/100 g body weight.
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Table I. Effect of Neonatal Genistein Treatment on Percentage of Terminal Ductal Structures in the
Mammary Glands of Fifty and Ninety Day Old Female Rats

Lobules
Neonatal treatment Terminal end buds Terminal ducts | " "
In 50-day-old rats
DMSO (14) 44 + 3 0+3 265 0 0
Genistein (14) 34 + 3° 1+£2 28 +3 64 1+1
In 90-day-old rats
DMSO (6) 0 20+ 4 202 59 = 4 1+1
Genistein (5) 1+1 136 135 3710 35 + 19°

Note. Sprague-Dawley female rats were injected (sc) with 5 mg genistein or 20 ul DMSO on days 2, 4, and 6 postpartum. 2P < 0.05;

bp < 0.001 compared with neonatal DMSO treatment.

Discussion

We are the first to report that genistein, a phyto-
estrogen component of soy, when given during the
neonatal period to rats results in protection against
chemically induced mammary tumors. We have dem-
onstrated that genistein as compared with DMSO ad-
ministration on days 2, 4, and 6 postpartum resulted in
a significantly longer period of time for DMBA-
induced mammary tumors to develop. The latency was
extended by 37 days (P < 0.001). At time of necropsy,
100% of the females treated neonatally with DMSO
had tumors. Female rats treated neonatally with
genistein had an 88% incidence of mammary tumors.
The mean numbers of DMBA-induced tumors in the
DMSO-treated group were 6.35 as compared with only
3.67 in animals treated with genistein (P < 0.001).
There was no effect of the genistein treatment on the
body weights of these animals.

An investigation into gland morphology revealed
that the profile of ductal structures was different in
animals treated neonatally with genistein as compared
with animals treated neonatally with DMSO. At Day
50 postpartum (i.e. at the time that the carcinogen was
administered in the tumorgenesis study), genistein-
treated animals had significantly fewer terminal end
buds, similar numbers of terminal ducts and lobules I,
and increased numbers of lobules II. The decrease in
terminal end buds and increase in lobules II suggest a
more differentiated gland (21, 22). In 90-day-old fe-
males, we saw fewer terminal end buds and lobules 1
and II with a concomitant increase in lobules II1. Lob-
ules III are the most differentiated ductal structures in
the mammary (21, 22).

A correlation between the status of mammary dif-
ferentiation and protection against chemically induced
mammary tumors can be made. According to the Rus-
sos (21, 22), terminal end buds and terminal ducts are
undifferentiated ductal structures which are most sus-
ceptible to chemical carcinogens and can result in the
formation of adenocarcinomas. Lobules I, II, and III
are progressively more differentiated structures that

are less susceptible to the formation of adenocarcino-
mas. Benign lesions usually arise from structures that
are more differentiated at the time of carcinogen ad-
ministration.

We surmise that genistein treatment during this
early critical period of development has altered the
ontogeny of mammary development, resulting in a
more mature gland consisting of less susceptible struc-
tures. This may have occurred as a result of direct
estrogenic action from genistein on the mammary cells
to promote maturation, and/or from alterations of im-
printing mechanisms (24) from exposure of the neo-
nate to this phytoestrogen. The latter mechanism
could be due to changing the regulation and expression
of the hypothalamic-pituitary-gonadal axis and hence
altering the development and susceptibility of the
mammary ductal structures.
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