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Abstract )

A study was conducted to determine the protective effects
of two common dietary proteins, soy protein isolate (soy)
and bovine whey, against chemically induced maminary
tumors in female Sprague Dawley rats. Rats were fed
AIN-93G diets having casein, soy, or whey as the sole
protein source. Rats within the same dietary groups were
mated to obtain the F, and F, generations. At age 50
days, F, (experiment A) or F, (experiment B) fermale
offspring (=19 rats/group) were p.o. gavaged with 80 mg/
kg 7,12-dimethylbenz(a)anthracene, and mammary glands
were evaluated when 100% of the casein-fed group
developed-at least one palpatable tumor. Rats grew well
on all three diets, but casein-fed rats gained slightly more
body weight than soy- or whey-fed rats (P < 0.05).
Vaginal opening occurred 1 day earlier in soy-fed rats
than in casein- or whey-fed rats, but no other differences
in reproductive and developmental parameters were
observed between groups. When 50% of the casein-fed
rats had at least one mammary tumor, lower tumor
incidences (24-34%) were observed in the soy-fed (P <
0.009) and whey-fed groups (P < 0.001). When 100% of
the casein-fed rats had at least one tumor, soy-fed rats
had a lower tumor incidence (77%) in experiment B (P <
0.002), but not in experiment A (P < 0.12), and there
were no differences in tumor multiplicity. ‘Whey-fed rats
had lower mammary tumor incidence (54-62%; P <
0.002) and multiplicity (P < 0.007) than casein-fed rats in
both experiments. Our results indicate that diets rich in

soy reduce the incidence of chemically induced mammary -

tumors by approximately 20%. Furthermore, whey
appears to be at least twice as effective as soy in reducing
both tumor incidence and multiplicity.
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Introduction
Of all environmental factors known to influence cancer, diet
appears to be one of the most significant (1). A wide variety of

.dietary factors are thought to be important in altering cancer

initiation, promotion, and progression, as well as in the pre-
vention of cancer. Breast cancer is the most common malignant
tumor among women and is the number two killer of women in
the United States. Breast cancer incidence in women consum-
ing traditional Asian diets is approximately 10% that of the
general female population of the United States. Asian diets are
low in red meat and fats but rich in grains such as rice and high
In soybean products such as tufu and miso. Although such diets
contain many components other than soy, factors found in
soybeans have been reported to provide important protection
against initiation, promotion, or progression of breast cancer in
animal models. In addition to the protective effects of certain
phytochemicals, epidemiological and experimental studies sug-
gest that dietary bovine milk products may exert inhibitory
effects on the growth of several tumor types (for a review, see
Ref. 2). The antitumor activity of these dairy products has been
attributed to a class of proteins that comprise approximately
20% of the total milk protein, the whey fraction (2, 3).

The present study was conducted to determine the possible
preventive effects of diets containing soy protein isolate or
bovine whey proteins on DMBA?-induced breast tumors in rats.
The experiments were designed to determine the effects of
long-term consumption of these proteins in diets that were
formulated to meet the allowances recommended by the Amer-
ican Institute of Nutrition for the rat.

Materials and Methods

Experimental Design. Adult breeder female and male Spra-
gue Dawley rats were purchased from Harlan Industries (Indi-
anapolis, IN). They were housed individually in polycarbonate
cages and allowed ad libitum access to water and pelleted food.
Rats were randomly assigned to three groups and fed one of
three semipurified diets made according to the AIN-93G diet
formula (4), except that com oil replaced soybean oil, and the
protein source was either casein (New Zealand Milk Products,

Santa Rosa, CA), whey (New Zealand Milk Products), or soy

protein isolate (Protein Technologies International, Inc., St.
Louis, MO). Diets containing soy protein isolate had 430 mg
total isoflavomes/kg diet, including 276 mg/kg genistein and
132 mg/kg diadzein. Amino acids were added to each diet to
equalize the essential amino acids among diets.

Rats were allowed to breed, and the offspring were

weaned to the same -diet as their mothers. Offspring from

? The abbreviations used are: DMBA, 7,12-dimethylbenz(a)anthracene;

GSH,
glutathione. )
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Fig. 2. Mammary tumor incidence (percentage of rats with tumors) of female
rats depicted in Fig. |. Dashed line indicates the post-DMBA day at which 50%
of the casein-fed rats developed at least one mammary tumor. Statistical analyses
of these data appear in Table 1.

Tumor Multiplicity and Location. Of the tumor-bearing rats,
the median number of mammary tumors/tumor-bearing rat (i.e.,
multiplicity) was lower (P < 0.007) in each experiment for
whey-fed rats than for casein-fed rats (Table 1), whereas mul-
tiplicity for soy-fed rats did not differ significantly from that of
the casein-fed group. Tumor location was studied, and cetvical
and thoracic regions were at higher risk of developing tumors
(data not shown). 4 i

Discussion )
Cancer rates'in countries with high consumption of soybeans

are lower than those in the United States, where less S0y

products are consumed (1), and cancer rates increase in the
second generation of families that migrate to the United States
from these countries as their diet becomes Westernized (11).
Data from the present study substantiate the breast cancer
prevention claims for experimental diets containing soy protein
isolate as reported by others (3, 12).. Furthermore, these data
extend our knowledge on soy protein-containing diets and add
new information on anothér dietary factor of animal origin,
whey protein, with respect to chemically induced breast cancer.
Results from our work demonstrate clearly that diets containing
isolated soy protein or whey protein can significantly increase
the age of onset of DMBA-induced tumors®and reduce the
percentages of rats that develop tumors. Moreover, rats fed
diets containing whey also had decreased tumor multiplicity,
whereas soy treatment did not appear to alter multiplicity.
There were no detectable dietary effects on tumor volume.

To our knowledge, this is the first démonstration that rats
fed whey protein-containing diets develop fewer DMBA-in-
duced breast tumors than rats fed either casein- or soy-based
diets. The whey protein diet delayed the age of onset of DMBA-
induced tumors, reduced the percentages of rats that develop
tumors, and attenuated tumor multiplicity compared with soy
protein isolate or casein protein diets.

The mechanisms by which whey protein could alter car-

cinogenesis are unknown. Speculation has focused primarily on
increases in tissue GSH levels observed during whey consump-
tion (2). Greater GSH concentrations would tend to be protec-
tive because of: (a) the well-known xenobiotic detoxification
pathway involving GSH and glutathione S-transferases: (b)
GSH free radical detoxification; and (¢) improved immune
responses (13). Other possible mechanisms could inciude bio-
active peptides that are either fragments of whey hydrolysis or
contaminants of whey protein, such as insulin-like growth fac-
tor I, which could act on one of many cellular processes to
reduce tumor incidence. Studies aré currently underway in our
laboratory to determine the mechanisms by which whey protein
consumption prevents DMBA-induced breast cancer.

Although the mechanisms by which soy protein isolate
prevents such cancers are still unknown, factors that are phys-
ically bound to or associated with the isolated protein; espe-
cially the isoflavones, have been implicated as being important
(5). Genistein is one such isoflavone present in soybeans as
genistein glucoside or the 6'-O-malonylglucoside. Lamartiniere
et al. (6) demonstrated that rat pups receiving high doses of
pure genistein aglycone at ages 2, 4, and 6 days developed
fewer DMBA-induced breast tumors. This work has been sub-
stantiated in unpublished studies in our laboratory.* However,
it should be noted that isoflavones have not been reported to be
uniformly protective against chemically induced mammary tu-
mor models in animals. For example, Hilakivi-Clarke er al. (14)
reported a doubling of chemically induced mammary tumors in
the offspring of mothers treated with genistein during preg-
nancy. Hsieh ez al. (15) reported that dietary genistein enhanced
the growth of MCF-7 tuthors that were implanted s.c: in ovari-
ectomized athymic mice. It should be pointed out that these two
studies used genistein aglycane rather than diets made with
soybean meal, soybean flour, or soy protein ‘isolates. The dis-
parity between laboratories using various animal models may
reflect differences in species, developmental timing of genistein
treatment, differences in endocrine status (e.g., intact versus
ovariectomized athymic females), or-the chemical form of the
isoflavone (pure aglycone, glucoside, or protein-bound form)
and points' to the need for further careful research on the
conditions under which dietary factors affect cancer risk.

In the current study, soy-fed rats received a diet in which
the entire protein source was the soy protein isolate used in the
majority of commercially available soy-based infant formulas
(Protein Technologies International, Inc.). A 333-g rat in our
study consumed approximately 25 g/day of diet formulated
with 20% soy protein (w/w). Because the genistein content was
1.36 mg/g protein, the genistein intake was approximately 6.8
mg/day (20.4 ‘mg/kg/day). This is the highest dose of isolated
soy protein possible within the AIN-93G diet formula. This
genistein intake compares with the approximately 11 mg/day
reported for 4-month-old infants who consume soy-based infant

* formula (16). Dése-response‘ and time course studies for soy

isolated protein effects and its cancer-preventive actions remain
to be determined. :

Several mechanisms have been proposed for the anticar-
cinogenic activity of isoflavones, including: (a) inhibition of
proteases; (b) antioxidant activity; (c) inereased synthesis and
decreased degradation of steroid hormone ‘binding globulin
synthesis; (d) weak estrogenic agonist/antagonist activity
through estrogen receptor «; (e) esogen receptor B-mediated
actions; (f) altered hormone production, metabolism, or dction;

*T. M. Badger, unpublished observations.
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ferences between the weight gains of soy-fed rats and whey-fed
rats, but there were significant differences between tumor for-
mation, demonstrating clear dietary effects at the same rate of
weight gain. This latter point illustrates a disconnection be-
tween prevention of DMBA-induced breast tumors and the
small differences in body weight gain in the present study.

It should be noted that chemical induction of breast tumors
(i.e., the chemical induction model of carcinogenesis) using
agents such as DMBA is the most widely used animal model for
studying breast cancer. The relevance of this model to human
breast cancer undergoes constant scientific debate, including
the perspective that human breast cancer may not be caused by
a single bolus of a carcinegen such DMBA and/or that inacti-
vation or detoxification of carcinogens such as DMBA may
have little application to humans. On the other hand, DMBA is
a polycyclic aromatic hydrocarbon. Polycyclic aromatic hydro-
carbons generated by cooking and in cigarette smoke are con-
sidered to be major human dietary and environmental carcin-
ogens. Increased Phase I and IT metabolism (detoxification) of
such compounds (exogenous and endogenous) is also consid-
ered to result in chemoprotection and reduced cancer risk @3,
24). Thus, results presented herein could have significant rel-
evance to prevention of human breast cancer. Further research
into the mechanisms discussed above is required to answer
these important questions.
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~rats fed diets formulared with single protein sources. Rats fad

diets with the same soy protein isolate used in the majority of
soy-based infant formulas had lower mammary tumor inci-
dence than rats fed diets made with casein. Diets formulated
with whey protein provided significantly more protection
against DMBA-induced-mammary tumors than casein- or soy-
based diets. These results suggest diets containing these com-
monly consumed protein sources have great potential in reduc-
ing the risks of breast cancer. Our data further suggest that
whey protein may be one of the most potent dietary sources of
cancer prevention identified to date.
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