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Chemoprevention of N-Nitroso-N-methylurea-induced Rat Mammary Cancer by
Miso and Tamoxifen, Alone and in Combination

Takahiko Gotoh."® Kazumasa Yamada.' Akihiro lio.t? Hong Yin,' Tsuvoshi Kataoka® and
Kiyohiko Dohj®

‘Depariment of Cancer Research. Rescarch Instiiuie Jor Radiaiion Biology and Medicine, Hiroshima
University and Second Department of Surgery, Hiroshima University School of Mcdicine, 1-2-3
Kasumi, Minami-ku, Hiroshima 734-8553

We cxamined the effects of a Japanese fermented soybean product, miso, and 1amoxifen (TAM),
alone and in combination, on N-nitroso-N-methylurea (MNU)-induced rat MAMPEFY  CANCET.
Seven-weck-old female CD/Crj ruts received a single i.v. dose (30 mg/kg body wcight) of MNUL
After administration of MNU, the rats were divided into 4 groups: regular diet {control), 10%
miso dict, regular dict+TAM, and 10% miso diet+TAM. TAM was implanted s.c. in the Torm of
pellets containing 2.5 myg at the same time as MNU was administered. All rats were observed for
18 wecks after MNU administration. Incidence {(percentage of rats with tumors) and multiplicity
{mean tumors/rat) of mammary tumors were 91% and 4.5 in the conirol, 77% and 2.4 (P<0.03) in
the 10% miso group, 65% and 1.4 (P<0.01) in the TAM group, and 10% (P<0.001 or less) and
0.2 (P<0.0001) in the 10% miso+TAM group. In the second experiment, the effect of the combina-
tion of miso and TAM on established rat mamanary lumors was investigated. When the mammary
tumors induced by MNU reached 10 to 25 mm, the rats were divided into 3 treaiment groups:
regular diet, regular diet+TAM, and 10% miso diet+TAM. Al 6 weeks after the start of treatment,
the mean {umor size in the contrel and TAM groups was 160% and 141 % of the pretreatment
value, but a deerease to $5% of the pretrealment value was produced by the combination of miso
and TAM, and this was significantly different from both the control and TARM groups (P<0.01 and
P<.05, respectively). These results indicate that mise is useful jn prolecting against mammary
cancer and it can be expected 10 have a potent antitomor effect, especially when used in combina-

tion with TAM.
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-In these studies, we have also shown that a 10% miso diet

is the optimal protective dose for the primary prevention
of cancer in experimental animals. Miso is mainly made
by fermentation of soybeans and/or rice and comains a
variely of biologically active subsiances including botanic
proteins, vitamins, fais, enzymes, carbohydruies, saponins,
isoflavones, phytosierols, und lectins.’ '™ Two of the
isoflavones, genistein and daidzein, are known to have a
variely of biological activities™ ' and 10 be present in
significant amounts in miso compared to other soy prod-
ucts.'®

Mammary cancer has been increasing in incidence in
Japan and is predicled 10 become the leading cause of
cancer death among females in the near future.? As a
means of primary prevention of mammary cancer, it is
recommended to avoid high risk factors such as excess
intake of fat and calories, especially of animal fat.)
Therefare, there has been an increzsing public demand for
information on healthy foods that may help in the primary
prevention of cancers in recent years.

Epidemiological studies have suggesied that women
who consume a traditional diet high in soy products have

a low incidence of mammary cancer™® A number of ani-
mal studies have shown an inhibitory effect of soy foods
against radialion- or chemically-induced rat mammary
carcinogenesis.™® Recent siudies in our laboratory have
shown thal the Japanese fermented soybean product miso
has a protective effect against radiation injury,™® and
reduces the risk of liver, stomach, and mammary tamors,
and colonic aberrant crypt foci in experimental animals. ™"

"Presem address: Department of Surgery, Gotoly Hospital, 1-8-20
Wigashi-chuo, Kure, Hiroshima 737-0052,
“To whom correspondence should be addressed.

Tamoxifen (TAM), a symhetic nonsiereidal anliestrogen
agent, compeles with estrogen for binding to estrogen
receptors and has been used in the weatmen of human
breast cancer. On the basis of a report that mammary can-
cer patients receiving TAM as adjuvant treatment showed
a reduced risk of new primary lesions in the contralateral
mammary gland,'” a large-scale trial of chemoprevention
by TAM for women at high risk of mammary cancer has
been initiated in the United Siates and Europe.™® Recent
studies in experimental animals have shown that the com-
bination of TAM with an aromatase inhibitor,"® 9-cis-ret-
inoic acid,®™ the somatostatin analogue octreotide,?? or
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dehvdroepiandrosierone® is useful for chemoprevention
of mammary cancer.

In the present siudy. we investigated 1the chemopreven-
tive effect of mizo and TAM, both alone and in combina-
tion, on AN-niroso-N-methyhnea (MNU)-induced rat
mamimary carcinogenesis by detenmining the incidence
and nwluplicity of mammary tumaors. In addition, the
therapeutic effect of the same regime was also invesii-
gxted in rals with established mammary tumors.

MATERIALS AND METHODS

Animals Female CD/Crj Sprague-Dawley (SD) rats were
purchased from Charles River Japan, Inc. (Hino) and used
in the present study. Four or five rais were housed
together in autoclaved eages with sterilized wood chips
and Kept in a room with controlled tempersure (2412°C)
and humidity {35+10%) under a regular 12-h light, 12-h
dark cycle. Al rats were given food and ap water ad [ibi-
tum. They were maintained under the guidelines set forth
in the '‘Guide for the Care and Use of Laboratory Ani-
mals’ established by Hiroshima University.

Supplement of specilied diet and chemicals Rats were
fed a commercial regular diet MF (Oriental Yeast Co.,
Tokyo) with or without miso. Miso was made into bis-
cuits by combining 10% dry red miso provided by the
Miso Central Insiitute (Tokyo) with 90% regular pow-
dered MF. is composition was 7.69% water, 24.3% pro-
tein, 6.23% fm, 2.53% salt plus a mixture of micro-
organisms, flavors and aromatic compounds, unsaturated
faity acid-ethylester, glycosides, isoflavones, and supo-
nins. Total caloric content per 100 g was 356 kecal.
MNU was obtained from Sigma Chemical Co., St. Louis,
Mo. and dissolved in 0.9% NaCl solution at a concentra-
ton of 50 mg/kg body weight. TAM (Sigma Chemical
Co.) was fused with cholesterol powder under heating and
converted to pellets. Each pellet was weighed and cut inlo
smaller pellets each containing 2.5 mg of TAM and 7.5
mg of cholesterol.

Chemoprevention by mise and TAM, alene and in
combination Under light ether anesihesia, 7-week-old
female SD rats were given a single dose (50 mg/kg body
weight) of . MNU via the right jugular vein, which had
been directly exposed by the cut-down method. After
MNU adrninistration, the rats were divided into 4 groups,
which were given regular diet (control group), 10% miso
diet (J0% miso group), regular diet+TAM (TAM group)
and a 10% miso diei+TAM (10% . miso+TAM group).
Each group consisted of about 20 rats and was maintained
on a regular diet or miso diet vmil the conclusion of the
experiment. A TAM pellet, prepared as described above,
was implanted s.c. on the back at the same time as MNU
was administered. TAM pellets were renewed at 5 weeks
after e first implantation. The rats were weighed every 2
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weeks, and, beginning 4 weeks after MNU adminisiration,
the location and number of palpable mammary wmors
were recorded, and their sizes were measured with a cali-
per under light ether anesthesia every 2 weeks until the
conclusion of the expeniment. All rats were observed up
10 18 weeks and killed at 19 weeks afier MNU adminis-
tration.

One hour before being killed, the ras were weighed
and mjected ip. with 20 mg/kg body weight of 5-bromo-
2’-deoxyuridine (BrdU) obtained from Stema for BrdU
incorporation assay in the mammary tumors. The animals
were killed by exsanguination from the abdominal aona
under light ether anesthesia. The serum wis obiained and
kept at —20°C umil used for estradiol-178 (E.) assay. Al
gross palpable and nonpalpable mammary tumors we
excised and weighed, and the tumor size was measureo
with calipers. Excised mammary tumors >20 mm in diam-
eier were divided into half: one half was fixed in 10%
phosphate-buffered formalin and embedded in a paraffin
block for histological and immunohistochemical study,
and the other half was frozen in liguid nirrogen and stored
at =70°C umi) vsed Tor cytosolic estrogen receptor (ERc)
assay. Organs were weighed, fixed in 10% phosphate-
buffered formalin, and embedded in paraffin blocks. Each
block was serially sectioned at 3 um. Sections were rou-
tinely stzined with HE.

Sections of 28 mammary tumors that developed in each
group were randomly selected for Brdl incorporation
assay, deparaffinized, and incubated with monoclonal
mouse anti-bromodeoxyuridine (Dako-BrdUrd, BuZ20a,
DAXKO AJS, Denmark} at a dilution of 1:20 for 1 h at
ambient temperature. Visualization of siained cells by the
three-stage immunoperoxidase technigue was camied out
using a Histofine Sab-Po(M) Kit obtained from Nichirei
Co. (Tokyo). The BrdU index was determined as the per
centage of nuclei showing BrdU incorporation by count-
ing 1,000 nuclei in tumor foci. All slides were blinded
and scored by one person.

ERc levels were analyzed by radio-receptor assay using
[160-""1)estradiol-17B (E,R Assay Kit, Otsuka Pharma-
centical Co., Tokuslima). The free and bound fractions
were separaled and meassred by the dexiran-coated char-
coal method. ™ The maximum number of binding sites
(B,.,) and the dissociation constant (K,) values for the
receptors were determined by a Scatchard plot analysis,
Serum E, levels were measured with an Estradiol-Coatria
Xit {moMérieux Co., France) vsing |'*1)estradio).”
Therapeutic study of miso and TAM in combination
Seven-week-old female SD rats were given a single dose
{30 mg/kg body weight) of MNU via the right jugular
vein. When the tumor size reached between 10 and 25
mm in the Jargest dimension, the rats were divided into 3
reatment groups {day 0): regular diet {control group;
n=7), regular diet+TAM (TAM group; n=7), and 10%
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mize diect+TAM (10% miso+TAM group: a=10). TAM RESULTS
was converted to a 2.5 mg pellet as described above and
implanied s.c. on the back at the start of tremiment (day
(). Existing tumors were monitored throughout the experi-
mentl. At 6 weeks afier the stan of treatment, monitored
tumor size was calculated as the product of the larges)
dimension and the maximum orthogonal diameter, and

General observattons The time course of body weigh
gain in cach group is shown in Fig. 1. The body weight of
the control group increased up 1o 12 weeks after MNU

expressed as a percentage of the initial size measured on
day 0. The rats were then killed and weighed. — o A
» . - - -
Statistical analysis Data are shown as meanstSD. Suatis- £ 90-
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Weeks after MNU administration
Fig. 2. Cumulative incidence (A) und muliiplicity (B) of palpa-

Fig. 1. Sequeniial changes in body weight in each group sficy ble maninery wmors after MNU administration. @ regular dier,
MNU administration. @ regular diet, A 0% miso diet, A 10% miso diet, O regular diet+TAM, 0 10% miso

O regular diettTAM, O 10% miso diel+TAM. Each point diet+TAM. Each point indicates a mean. This experiment was
indicates a nwean. performed twice and yielded simifar results each time.

Table 1. Body Weight and Relative Organ Weight according to Group

Relaiive organ weight*

Treatment Ne. of s Body wt. (g) " -
Liver Urerus Ovary Adrenal
Control 22 277430 3104 180261 589134 4 19.743.3
10% miso 22 204129 3.3t0.4 188240 56.5123.1 202429
TAM 22 263420 3.0:04 1374479 57.8414.4 20,129
10% miso+TAM 20 2584214 31203 148+34% 5332296 217439

a) Relative argan weight was caleulated per 100 g of body weight.
&) Significantly different from conirol; P<0.05.
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Table J1.  Mammary Tumer Data ot Termination according 10 Group
Mammary lumars
Treatmen No. of rats . o Total no. of T e oay o Brdl) index
Incidence (%) wmors” Muluplicity - Size“{mm-) (5e)

Conrol n 20/23 91 96 45438 2762278 71%21
10% miso 22 17122 77 53 2,422 37 2204331 5.842.1
TAM 22 15122 68 3 1.441.40 247233 56x1.87
10% miso+TAM 20 220 e 4 0.20.7+4 12423000 524137

a) Number of rats with tumors per 1o1al number of rats.
b) Includes both palpable and nonpaipable tumors,

¢) Number of tumors per rat.
d) Tumor size was expressed as a product of the Jargest dimension and maximum onthogonal diameter.

Significanily different from contrdd; ) P<0.05, ) P<0.01, g) P<0.001, &) P<0.0001, /) P<0.0001 or less.
Significantly differem from TAM; ) P<0.05, &) £<0.01, /) P<0.001.

Table 1)), E, Level in Serum and ERc Level in Mammary Tumors
Serom E, ERc
Treatment
No. of samples o No. of mmors  a , r 1N
examined (pe/m) examined (fmol/mg protein) K (107 M)
Control 11 71.0426.7 s 56.9+20.6 2.54+1.27
10% miso 10 46.3135.8% 7 102.8+41.27 5884198
TAM ) 12 56.4434.5 7 75.9+67.9 3.06x1 .48
10% miso+TAM 9 47.9428.4" Nt — —

a} ERc level of mammary tumors was measured by the dexiran-coated charcoal method, and the maxi-
mum number of binding sites (B, ) and dissociation constant (K) values were determined by Scatchard
plot analysis. '

b) Significandy different from control; P<0.05.

¢) Not examinied.

Table 1V.  Effect of Miso and TAM in Combination on Established Mammary Tumors
M tumors®!
Treatment No. of rais No. of ARy mors
WIS piialt) (mm?)  FinalF) (mm?) FN (%)
Control 7 10 248+103 4181240 160
TAM 1 12 2298178 2934224 141
10% miso+TAM 10 10 2454152 179180 §5hn

a) Initial and final sizes (6 weeks afier starnt of trcatment) were expressed as palpable
mammary 1umor size, and calculated as the product of 1wo axes (mm?).

F/l was expressed as the percentage of the initial size messured on day 0.

b) Significantly different from control; £<0.05.

¢) Significantly different from TAM; P<(.05.

adminisiration and then plateaued. The body weight of the
groups given TAM was significantly lower than that of
the control group (P<(.01). Mean hody and relalive organ
weights at the lime of death are summurized in Table 1.
Mean body weight in the 10% miso+TAM group was sig-
nificantly  decreased compared 1o the control group
(P<0.05). The relative weight of the uterus in the groups
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given TAM was significamly decreased compared 10 the
control group (P<0.05, respectively). There were no sta-
ustically significant differences in liver, ovary, or adrenal
weight between any of the groups. The prevalence of cat-
aracts was similar in all treatment groups in the present
study. The incidence (%) of rats with cataracis was 45%
in the contro} group and 48% in the TAM group, while 1






