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Effects of high-isoflavone soy diet vs. casein protein diet and
obesity on DMBA-induced mammary tumor development
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Abstract. Obesity and elevated serum insulin growth factor-1
(IGF-1) level are major risk factors in the development of
breast cancer. We investigated the long-term effects of high-
isoflavone soy intake and obesity on 7,12-dimethylbenz(a)
anthracene (DMBA)-induced mammary tumor development
and on serum IGF-1 and binding protein (IGFBP-3) levels.
Lean and obese female Zucker rats fed casein or high-
isoflavone soy protein were orally gavaged at age 50 days with
DMBA and sacrificed after 147 days. The majority of lean
casein-fed rats (69%) developed mammary tumors compared
to 50% in lean soy-fed rats (P=0.176). In the obese groups,
76% of soy-fed rats developed mammary tumors compared
to 15% of obese casein-fed rats (P<0.001). At age 43 days,
IGFBP-3 was increased in the lean soy-fed rats compared to
the lean casein-fed rats (P<0.05). At age 99 days, soy- and
obese casein-fed rats exhibited increased serum IGF-1
compared to the lean rats and this increase was maintained
for the rest of the experiment (P<0.05). Obese rats fed casein
exhibited increased IGFBP-3 levels (P<0.001). However,
obese rats fed soy exhibited a significant decrease in IGFBP-3
levels compared to the lean soy-fed rats (P<0.001) and a
significant decrease in IGFBP-3 levels compared to the obese
casein-fed rats (P<0.001). At age 197 days, IGFBP-3 levels
were increased in obese casein- and soy-fed rats (P<0.001).
The results suggest that female Zucker rats fed casein diets are
protected against DMBA-induced mammary tumors, which is
not the case for those on high-isoflavone soy diet, and changes
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in the concentration of serum IGFBP-3 may contribute to the
incidence of DMBA-induced mammary tumors.

Introduction

Breast cancer is the most common malignant tumor among
women and, of all cancers, it is the second leading cause of
mortality in women in the United States. In 2010, an estimated
207,090 women are likely to be diagnosed with invasive
breast cancer and 39,840 women are likely to succumb to this
disease (1). Obesity has been epidemic in the United States for
more than two decades and the proportion of overweight and
obese adults in the population continues to rise. In an investi-
gation of the role of overweight and obesity in carcinogenesis,
Calle et al documented not only an association between
body mass index (BMI) and mortality from various types of
cancer, but also provided a reliable estimate of the contribu-
tion of overweight and obesity to the total mortality from
cancer (2). The authors reported that women with the highest
BMI (40 kg/m?) had mortality rates from all types of cancer
combined that were 62% higher (with a relative risk of death of
1.62) than the rates of women of normal weight. These authors
reported a significant trend whereby individuals with a higher
BMI exhibited an increased risk of succumbing to cancers of
the breast, uterus, cervix and ovary.

Numerous studies suggest health benefits from soy
consumption, including its role in the reduction of cardio-
vascular disease and certain types of cancer (3.4). Soybeans
and soy protein products are a major source of phytoestrogen,
plant-based estrogen-like substances. Soybeans contain isofla-
vones, which are structurally similar to mammalian estrogens,
have estrogenic properties and are potential anticarcinogens
(5). The most common dietary isoflavones are genistein, daid-
zein and glycitein, also known as isoflavonoids (6). Gut flora
metabolizes daidzein into equol, a non-steroidal estrogen (6).
It has been proposed that a high consumption of soy foods is
partially responsible for the observed lower breast cancer rate
in Asian women (7). However, results of these studies conflict
with those of studies concluding that certain components of soy
are estrogenic and therefore increase the breast cancer risk.

Certain studies are available regarding the protective
effects of soy on breast cancer, while findings of other studies
report the adverse effects of soy. For example, soy intake has
been found to increase spontaneous mammary gland tumors
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in mice (8). Moreover, the use of a soy protein supplement for
2 weeks by women with benign or malignant breast disease
was found to have estrogenic effects on the breasts of these
individuals (9). On the other hand, in a large cohort study of
British women no effects of dietary isoflavone intake and breast
cancer risk were found among either pre- or post-menopausal
women (10). Experimental studies showed variable results on
breast cancer reduction by soy or the soy isoflavone genistein
(11-15). For example, it was reported that genistein reduces
the growth of tumors that arise from inoculated human or
mouse breast cancer carcinoma cells in pre-menopausal mouse
models (16,17). On the other hand, isolated genistein was found
to promote MNU-induced estrogen-dependent mammary
tumorigenesis and growth of the MCF-7 estrogen receptor
(ER)-positive human breast cancer cell line implanted in
ovariectomized rats and mice as a model for postmenopausal
status (18,19). Data on the effects of soy consumption on breast
health, particularly in obese women, are lacking.

A number of epidemiological studies showed that elevated
levels of serum insulin-like growth factor-1 (IGF-1), a mito-
genic and antiapoptotic protein, are related to an increased
risk of breast cancer (20-27). IGF-1 levels are increased
in obese individuals and at least part of the greater risk of
breast cancer in obese women may be due to IGF-1 growth
stimulation of breast cells. IGF-1 activity is modulated by a
family of IGF-binding proteins, IGFBPs 1-6. These proteins
bind and reduce the availability of IGF-1 in serum. Increased
IGFBP levels are associated with lower bioavailable IGF-1
and are involved in the antiproliferative effects of antiestro-
gens in human breast cancer cell lines (28,29). IGF-1 and
estrogen function as growth factors for mammary epithelial
cells and for mammary tumor cell lines, operating to increase
proliferation in breast cancer cell lines. Additionally, IGF-1
is required for maximum ER activation in these cells (28,29).
Higher insulin levels are also associated with obesity and may
enhance cellular proliferation leading to the development of
breast cancer (30).

Of the IGFBPs, IGFBP-3 exhibits the highest concentra-
tion in serum and the majority of IGF-1 in serum are bound
by IGFBP-3. IGFBP-3 with bound IGF-1 is thought to be
inactive, but IGFBP-3 can be degraded by proteases in tumor
cells, thereby releasing IGF-1 and increasing local IGF-1
bioavailability. Human data regarding IGFBP-3 levels and
breast cancer risk have been inconclusive. Some studies show
a relationship between breast cancer risk and IGFBP-3 concen-
trations (23,24,26), whereas in other studies a protective effect
(22) or no association at all (31) was noted.

The Zucker rat (fa/fa) is the best known, most widely
used rat model for genetic obesity. Obesity in the Zucker
rat is inherited as an autosomal recessive trait caused by a
mutation (fa) in the leptin receptor gene (32,33), discovered
by Zucker and Zucker (34,35). Animals homozygous for
the fa allele were notably obese by 3-5 weeks of age and by
14 weeks of age their body composition was >40% lipid (36).
A number of investigators have used this model to study the
development, etiology, associated pathogenesis, possible treat-
ment and putative mechanisms of severe obesity (37). Obese
Zucker rats develop hyperinsulinemia and insulin resistance
prior to the development of obesity-associated non-insulin-
dependent diabetes mellitus (NIDDM) in a manner similar

to that in humans (38). Lean Zucker rats, by contrast, exhibit
normal metabolic function and are considered ideal controls.
Consequently, this model can be used to investigate the impact
of soy consumption on mammary tumor development in an
obese animal model. No published data are currently avail-
able regarding the effects of soy diet and obesity on mammary
tumor development in obese animals.

Material and methods

Experimental design. The animal protocols were approved by
the Institutional Animal Care and Use Committee (IACUC)
at the University of Arkansas for Medical Sciences. A total
of 99 five-week-old female Zucker rats (45 obese fa/fa and
54 lean) were purchased from Harlan Industries (Indianapolis,
IN, USA). Harlan Industries performed genotyping to identify
fa/fa and lean/lean rats at the age of 24 days. After 1 week
of acclimation (age 42 days), rats were randomly assigned
to groups: i) lean, casein diet; ii) obese, casein diet; iii) lean,
soy protein diet; and iv) obese, soy protein diet. The rats were
housed 2 per cage with ad libitum access to water and a semi-
purified diet similar to the AIN-93G diet (Harlan Teklad,
Madison, WI, USA) prepared with dietary protein, either
casein (control) or an enzymatically treated soy protein isolate
with high isoflavones [3.24 mg total isoflavones/g protein
(1.88 aglycone equivalents/g protein), Lot no. M330024462;
Solae LLC, St. Louis, MO, USA]. The compositions of the
two diets are described in Table I. At age 50 days the rats
received 65 mg DMBA/kg body weight (Sigma Chemical
Co., St. Louis, MO, USA) in sesame oil, via gavage. Blood
samples were drawn from the tail vein at various ages (43,
99 and 197 days) to measure serum IGF-1 using ELISA kit
(IDS, Fountain Hills, AZ, USA) and IGFBP-3 ELISA kit
(DSL, Webster, TX, USA). Beginning 4 weeks after DMBA
treatment, the rats were palpated twice weekly for mammary
tumor detection. The detection date and location of each
mammary tumor were recorded for each rat. The rats were
sacrificed 147 days post-DMBA treatment. The mammary
tumors were excised, counted and weighed. Three rats with
tumor masses >2.5 cm in diameter were sacrificed early
according to our TACUC-approved animal protocol. The
tumor sections were placed in 10% neutral-buffered formalin
for histopathologic analysis. Sections (4 ym) of the paraffin-
embedded tumors were stained with hematoxylin and eosin
for light microscopic evaluation.

Pathology. A board-certified anatomic pathologist (S.K.)
evaluated the tumors in a blinded protocol. The tumors were
classified as benign (essentially unremarkable breast paren-
chyma with non-proliferative fibrocystic changes); intraductal
proliferation (IDP), characterized by epithelial prolifera-
tion or presence or multiple papillomas; ductal carcinoma
in situ (DCIS), uniform proliferation of tumor cells within
pre-existing structures without evidence of invasion to the
surrounding tissue; invasive ductal and lobular carcinoma
(IDC), showing an invasive (infiltrative) pattern of neoplastic
cells; or Phyllodes, characterized by a relatively well-
demarcated fibroepithelial mass showing marked stromal
cellularity and numerous stromal mitosis, similar to the pattern
of the Phyllodes tumor observed in female individuals.
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Table I. Composition of study diets. A 600
Ingredients Casein (g/kg)*  Soy protein (g/kg) 500 /
o
Casein 200.0 - _ 0 —e—LC
Isolated soy protein - 202.0 g 300 * ¢ I;i_;
. F Y

L-Cystine 30 - 00| & S .. ois
L-Methionine - 25 !
L-Cystine - 1.3 100
L-Tryptophan - 04 0
L-Threonine - 03 0 50 100 150 200
Corn starch 397.5 409.0 Age (days)
Maltodextrin 1320 1320 B
Sucrose 100.0 108.0 %
Corn oil° 70.0 63.0 -
Cellulose 50.0 50.0 =
AIN-93G mineral mix 35.0 35.0 *;- 40
AIN-93G vitamin mix 100 100 ﬁ
Choline bitartrate 25 2.5 " 20"
TBHQ, antioxidant 0.014 0014

o-
“Measurements are g of ingredient/kg of diet. "The amount of corn oil 0 50 100 150
was adjusted in the soy protein diet to account for the fat contribution Post DMBA (days)

from soy protein.

Statistical analysis. A Kruskal-Wallis test was used to
analyze the four treatment groups, followed by between-
group comparisons using the Mann-Whitney U test due to
unequal variances in the groups. A two-way ANOVA was
used to measure serum IGF-1 and IGFBP-3 levels, followed
by Tukey's post-hoc test. A Kaplan-Meier analysis of tumor
latency was performed. A log-rank test was used to compare
the median tumor-free times. Fisher's exact test was used
to compare the percentage of rats with tumors and tumor
histology in each group. The median number of tumors
per tumor-bearing rat (multiplicity) for each group was
compared using the non-parametric Kruskal-Wallis test for
overall differences and the Mann-Whitney U test for group
comparisons. Statistical significance was set at P<0.05 and
the P-values were not adjusted for multiple comparisons. For
the rats that were sacrificed early due to tumor burden, the
number of tumors was assumed to have remained constant
until the end of the study. Data analyses were generated
and the plots were constructed using SPSS® version 17.0 for
Windows (SPSS Inc., Chicago, IL, USA) and SAS version 9.0
(SAS Inc., Cary, NC, USA).

Results

Body weight. All of the rats gained weight during the course
of the experiment (Fig. 1A). Obese rats gained significantly
(P<0.001) more weight than lean rats. Obese soy protein-
fed rats were significantly heavier than obese casein rats
(543£11 vs. 484+8) (P<0.001). The lean soy protein-fed rats
also exhibited a higher body weight than the lean casein-fed
rats (300+5 vs. 283+4) (P=0.024).

Figure 1. (A) Body weights (BW) of lean casein (L/C), lean soy protein (L/S),
obese casein (O/C) and obese soy protein (O/S) female rats following oral
gavage of 65 mg DMBA/kg BW at age 50 days (study Day 0). (B) Mammary
tumor incidence (percentage of rats with tumors) of female rats (days post-
DMBA treatment). Dashed line, development of at least one mammary tumor
by 25% of rats in a group.

Figure 2. Mammary tumor histology. Biphasic tumor characterized by
marked stromal cellularity. The stroma shows a moderate degree of cytologic
atypia. Frequent mitotic figures, exceeding 10/10 HPF, are noted. This tumor
is classified as malignant Phyllodes. Original magnification, x200.

Serum IGF and IGFBP-3 levels. At age 43 days, no differences
were found in the serum IGF-1 levels among the groups, but
IGFBP-3 was increased in the high-isoflavone soy protein-fed
lean group compared to the casein-fed lean rats (Table II). At
age 99 days, obese rats fed a casein diet exhibited increased
IGFBP-3 levels (P<0.001), but obese rats fed soy protein
exhibited a significant decrease in IGFBP-3 levels compared to
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Table II. Serum levels of IGF-1 and IGFBP-3 (mean =+ standard error).
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L/C (n=26) L/S (n=28) 0/C (n=20) 0/S (n=25)
IGF-1
Age (days) 43 1327454 1.422+57 1.309+52 1.472+65
99 1.129427x¢ 121332 17057604 1.528+67b¢
197 81618 83420 1.652+6704 1.433+84be
IGFBP-3
Age (days) 43 69:£2b< 79+1 78204 781
99 44+2 461 59+30d 40+10ef
197 1622 1942 40+£5b4 303b¢

L/C,lean casein; L/S, lean soy protein; O/C, obese casein; O/S, obese soy protein. *P<0.05; *P<0.001; °L/C vs. L/S; 9L/C vs. O/C; <L/S vs. O/S;

'O/C vs. O/S.

Table III. Characteristics of DMBA-induced mammary tumors.

L/C (n=26) L/S (n=28) O/C (n=20) O/S (n=25)

Tumor onset

Day of first tumor? 88 46 95 88

Day at 25% tumors® 124 116 N/A 106
Tumor incidence

Rats with tumors (%)¢ 69fe 50 15 76
Multiplicity¢ 1(1-4) 1(1-2) 1 1(1-3)
Total tumors (n=82)° 30 (37%) 18 (21%) 3 (4%) 31 (38%)

Benign 2 (7%) 0 (0%) 0 (0%) 2 (6%)

IDP 6 (20%) 0 (0%) 0 (0%) 0 (0%)

DCIS 21 (70%) 9 (50%) 2 (67%) 16 (52%)

IDC 0 (0%) 6 (33%) 1 (33%) 11 (35%)

Phyllodes 1 (3%) 3 (17%) 0 (0%) 2 (7%)

L/C, lean casein; L/S, lean soy protein; O/C, obese casein; O/S, obese soy protein; N/A, not applicable. “Post-DMBA day at which the first
mammary tumor was detectable by palpation. "Post-DMBA treatment at which the probability of tumor development was 25%. “Percentage of
rats with at least one mammary tumor. ‘Median number of tumors in tumor-bearing rats (minimum and maximum in parentheses). “Number
and percentage of total mammary tumors graded as benign, intraductal proliferation (IDP), ductal carcinoma in situ (DCIS), invasive ductal
and lobular carcinoma (IDC) or Phyllodes. 'P<0.001. tL/C vs. O/C; "O/C vs. O/S.

the lean soy protein-fed group (P<0.001). Moreover, obese soy
protein-fed rats exhibited a significant decrease in IGFBP-3
levels compared to obese casein-fed rats (P<0.001). At the end
of the experiment, IGFBP-3 levels were increased in the obese
casein- and soy protein-fed rats (P<0.001).

Time course for tumor formation, latency and multiplicity.
The time course of palpable mammary tumor detection is
shown in Fig. 1B and the data are presented in Table II1.
Tumor latency (the number of days post-DMBA treatment
until the detection of the first mammary tumor) was longer in
the obese casein-fed rats than the remaining three groups. The
first mammary tumor detected in lean soy protein-fed rats was
46 days post-DMBA treatment compared to 88 days in lean
casein-fed rats. For the obese soy protein-fed rats, the first
mammary tumor was detected 88 days post-DMBA treatment,
compared to 95 days in obese casein-fed rats. In addition, 25%

of the lean soy protein-fed rats developed mammary tumors
116 days post-DMBA treatment, compared to 124 days for the
lean casein-fed rats and 106 days for the obese soy protein-fed
rats. By the end of the experiment, 69% of the lean casein rats
developed mammary tumors, compared to 50% in the lean
high-isoflavone soy protein group. However, this difference
was not statistically significant (P=0.176). In the obese group,
76% of the high-isoflavone soy protein-fed rats developed
mammary tumors, compared to 15% of the obese casein-
fed rats (P<0.001). The lean casein-fed group had a higher
incidence of mammary tumor development than that of the
obese casein rats (69 vs. 15%) (P<0.001). A higher incidence
of mammary tumors was noted in the obese soy protein-fed
rats than in the lean soy protein-fed rats. However, this result
was not statistically significant (76 vs. 50%) (P=0.088). The
median number of mammary tumors per tumor-bearing
rat (multiplicity) was compared. No statistically significant
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difference was found among the four groups. In regards
to multiplicity, the lean soy protein-fed rats had a range of
1-2 tumors per rat, compared to a range of 1-4 tumors per rat
in the lean casein-fed group. The tumor multiplicity for obese
casein-fed rats (1 tumor per rat) was lower compared to the
obese soy protein-fed rats (1-3 tumors per rat) (Table III).

Mammary tumor characteristics. Mammary tumor histology
data are presented in Table III. A total of 82 mammary
tumors were detected in the study. Table III shows the light
microscopic classification of these mammary tumors in the
four groups. A total of 30 masses were detected (37% of
the total tumors) in the lean casein-fed group compared to
18 tumors (21%) in the lean soy protein-fed group, 31 tumors
(38%) in the obese soy protein-fed rats and only 3 tumors
(4%) in the obese casein-fed rats. Pathological analysis of the
30 tumors in the lean casein-fed group showed the following
classification: 2 (7%) benign, 6 (20%) IDP, 21 (70%) DCIS
and 1 (3%) Phyllodes. Of the 18 mammary tumors in the lean
soy protein-fed group 9 were DCIS (50%), 6 IDC (33%) and
3 Phyllodes (17%). For the obese casein-fed group, 2 tumors
were classified as DCIS and 1 tumor as IDC. Mammary
tumors in the obese soy protein-fed group included 2 (6%)
benign, 16 (52%) DCIS, 11 (35%) IDC and 2 (7%) Phyllodes.
While tumors classified as benign, IDP, DCIS and IDC were
observed in the author's previously published study on obesity
and breast cancer in female Zucker rats (39,40), tumors with
the morphologic characteristics of Phyllodes tumors have not
been observed in prior studies. A tumor classified as Phyllodes
from this study is shown in Fig. 2.

Discussion

This study aimed to compare the effects of long-term high-
isoflavone soy protein to those of long-term casein protein
intake and obesity on DMBA-induced mammary tumor devel-
opment, as well as to investigate the effects of high-isoflavone
soy protein and obesity on serum IGF-1 and IGFBP-3 levels.
Results of the present study showed that obese soy
protein-fed rats gained significantly more weight than obese
casein-fed rats (P<0.001) and the lean soy protein-fed rats
exhibited a slightly higher body weight than their lean
casein-fed counterparts (P=0.057). In the lean groups, 69% of
the casein-fed rats developed mammary tumors compared to
50% (P<0.08) of the soy protein-fed rats. In the obese groups,
76% of the soy protein-fed rats developed mammary tumors
compared to 15% (P<0.05) of the obese casein-fed rats. At
age 99 days, obese rats fed a casein diet exhibited increased
IGFBP-3 levels (P<0.001), but obese rats fed soy protein
exhibited a significant decrease in IGFBP-3 levels compared
to the lean soy protein-fed group (P<0.001). Additionally,
IGFBP-3 levels in obese soy protein-fed rats were significantly
decreased compared to obese casein-fed rats (P<0.001). At the
end of the experiment, the IGFBP-3 levels were found to have
increased in obese casein- and soy protein-fed rats (P<0.001).
Our observations regarding weight increase of obese soy
protein-fed compared to obese casein-fed rats (P<0.001) are
agreement with those of Tovar et al (41). These authors found
that obese ZDF fa/fa rats fed either a casein or soy protein diet
gained weight at a similar rate until day 140, but after day 150,
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rats fed the casein diet began to lose weight compared to rats
fed the soy protein diet (P=0.004). By day 160 post-treatment,
Tovar et al observed that the casein-fed rats weighed signifi-
cantly less than the soy-fed rats. These authors concluded that
the difference in weight gain between groups is explained by
a physical deterioration observed in rats fed the casein diet in
the last days of the study. Another study reported that among
obese rats fed either casein or soy diets, casein-fed rats gained
significantly less weight than soy-fed rats, probably due to
their physical deterioration (42). In their study, Mezei et al
reported that when female obese Zucker rats were fed with
high- or low-isoflavone soy diets, the high-isoflavone soy-fed
rats gained more body weight than the low-isoflavone soy-fed
and casein-fed rats (P<0.05) (43).

Our results for casein-fed obese rats showing that obesity
protected against DMBA-induced mammary tumor develop-
ment are in agreement with epidemiological data showing that
obesity protects against breast cancer development in obese
pre-menopausal women (44-46).

Our results show that in obese Zucker rats, a soy protein
diet containing high isoflavone levels promoted DMBA-
induced mammary tumor development compared to a
casein-based diet. We found that lean and obese rats fed soy
protein diets developed more advanced mammary tumors,
graded IDC, than their respective controls in the casein group.
Simmen et al reported that when Sprague-Dawley rats were
fed AIN-93G diets with either casein or soy protein as the
source of protein and treated with N-methyl nitrosourea, rats
on soy protein diets developed more advanced grade tumors
(47). The mechanism underlying the higher grade tumors
elicited by soy diet has yet to be determined.

The presence of dietary isoflavones may affect the devel-
opment of mammary tumors, as previously reported (19,48).
For this reason, we used the purified diet AIN-93G, which
contains no soy or soy isoflavones. In our previous study (39),
the standard natural ingredient diet 2018 was employed. The
2018 diet contains soybean meal with the isoflavone levels
ranging from 150 to 250 mg/kg diet, depending on the batch.
The presence of soy isoflavones in this diet may explain the
differences in mammary tumor induction observed in other
sutdies (39).

Meta-analyses on soy intake and breast cancer risk have
been reported. Epidemiological studies have showed that soy
consumption was associated with a reduction in breast cancer
risk in pre- but not postmenopausal women in Singapore (49).
Another meta-analysis found an inverse association between
soy intake and breast cancer risk among pre-menopausal
women, but no effect was noted among postmenopausal
women (50). A meta-analysis of 18 epidemiological studies has
shown that a high soy intake may be associated with a small
reduction of breast cancer risk, but this association was not
significant among women in Asian countries and the reduc-
tion was more significant in pre- compared to postmenopausal
women (51). The inverse association between soy food intake
and breast cancer risk was mainly noted in Asian women,
with only one study reporting such a correlation in women
of Caucasian descent (52). The correlation of adolescent and
adult soy food intake with breast cancer risk was evaluated
in a cohort of 73,223 Chinese women who participated in the
Shanghai Women's Health Study. A protective effect of soy
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food intake against pre-menopausal breast cancer was noted
(53). A recent meta-analysis of the literature (a total of 34
studies) on the relationship between dietary soy intake and
breast cancer risk has concluded that the intake of naturally
occurring dietary soy food or its components appears to be
safe for women without breast cancer. However, the safety of
high levels of consumption of soy containing supplements or
soy components was less certain (54).

Experimental studies in non-obese animal models have
shown an association between serum IGF-1 concentrations and
mammary cancer risk. For example, liver IGF-1 deficient mice,
which have hepatic IGF-1 gene deletion, show a 75% reduction
in serum IGF-1 levels, but normal growth and development.
These mice have shown delays in the onset of chemically- and
genetically-induced mammary tumors. Wu et al (55) used
an IGF-1 gene-deleted mouse model to show that the lack
of IGF-1 in these mice resulted in a significant delay in the
onset of DMBA-induced mammary tumors. These data indi-
cate that tumor development can be induced by IGF-1. Thus,
modulation of IGF-1 and IGFPB-3 concentration is a crucial
strategy for determining the effects of the incidence of breast
cancer in obese Zucker rats. Clinical studies on the effects
of soy on IGF-1 levels were found to be inconclusive, with
some studies showing that soy increases IGF-1 levels (56,57).
However, these studies used subjects with normal body weight
and not obese ones. By contrast, other studies have shown
decreases in serum IGF-1 levels (58,59). Our preliminary data
using obese Zucker rats have shown that obesity increases
the serum IGF-1 levels (60). The impact of dietary factors on
IGF-1 levels in humans is limited to a number of observational
epidemiological studies (61-72). Thus, no data regarding the
effect of specific factors, such as soy or isoflavones, are avail-
able. Since obesity is likely to increase serum IGF-1 levels,
and a soy diet with a high isoflavone content modulates serum
IGF-1 levels, we investigated the effects of a soy-based diet
with isoflavones on serum IGF-1 and IGFBP-3 levels and its
effect on DMBA-induced mammary tumors. Elevated IGF-1
has been shown to be a risk factor for breast cancer in women
(22,26,73). It is thought that increased IGFBP-3 levels may be
play a protective role in breast cancer by decreasing the levels
of bioavailable IGF-1 (24,74).

For these reasons, we measured IGF-1 and IGFBP-3 serum
levels at three time points in lean and obese casein- and soy
protein-fed rats. Lean soy protein-fed rats exhibited increased
IGFBP-3 levels compared to casein-fed rats. After 1 day on
the diets (Day 43), the lean soy protein-fed rats exhibited
higher IGFBP-3 levels compared to their lean casein-fed
counterparts. Short-term dietary intervention with soy isofla-
vones is known to result in rapid changes in serum IGFBP-3
levels (75). Increased IGFBP-3 may reduce the bioavailability
of IGF-1 and be partially responsible for the observed lower
incidence (non-significant) of tumors in lean soy protein-fed
rats. However, in the obese groups, IGFBP-3 levels were
increased in casein-fed rats, while much lower levels were
noted in soy-fed rats. Our results clearly show that obesity
increased serum IGF-1 levels for casein- and soy protein-fed
rats compared to lean rats fed with either diet. By age 99
days, the obese casein-fed rats exhibited increased IGFBP-3
levels compared to their soy protein-fed counterparts. This
increase in IGFBP-3 and the resultant decrease in bioavailable

IGF-1 may be the mechanism responsible for the lower tumor
numbers observed in obese casein-fed compared to obese soy
protein-fed animals.

To the best of our knowledge, this report is the first to show
that intact obese vs. lean Zucker female rats fed semi-purified
diets are protected against DMBA-induced mammary tumors
for a longer period of time while on casein vs. high-isoflavone
soy protein diets. The majority of the observed tumors
were epithelial in nature resembling the invasive and in situ
carcinoma observed in female individuals. However, we have
observed another rare tumor which mimics the Phyllodes
tumors found in women. Phyllodes are in general rare tumors
and their etiology has yet to be elucidated.

Our results suggest that the dietary protein source
affects serum IGFBP-3 levels in obese female Zucker rats.
Furthermore, changes in the concentration of IGFBP-3 may
contribute to the reduction of the incidence of DMBA-induced
mammary tumors.
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