Jpn. J. Cancer Res89, 487-495, May 1998
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We examined the effects of a Japanese fermented soybean product, miso, and tamoxifen (TAM),
alone and in combination, on N-nitroso-N-methylurea (MNU)-induced rat mammary cancer.
Seven-week-old female CD/Crj rats received a single i.v. dose (50 mg/kg body weight) of MNU.
After administration of MNU, the rats were divided into 4 groups: regular diet (control), 10%
miso diet, regular diet#TAM, and 10% miso die#TAM. TAM was implanted s.c. in the form of
pellets containing 2.5 mg at the same time as MNU was administered. All rats were observed for
18 weeks after MNU administration. Incidence (percentage of rats with tumors) and multiplicity
(mean tumors/rat) of mammary tumors were 91% and 4.5 in the control, 77% and 2.4°€0.05) in
the 10% miso group, 68% and 1.4 B<0.01) in the TAM group, and 10% {P<0.0001 or less) and
0.2 (P<0.0001) in the 10% mise@TAM group. In the second experiment, the effect of the combina-
tion of miso and TAM on established rat mammary tumors was investigated. When the mammary
tumors induced by MNU reached 10 to 25 mm, the rats were divided into 3 treatment groups:
regular diet, regular diet+TAM, and 10% miso diet+TAM. At 6 weeks after the start of treatment,
the mean tumor size in the control and TAM groups was 160% and 141% of the pretreatment
value, but a decrease to 85% of the pretreatment value was produced by the combination of miso
and TAM, and this was significantly different from both the control and TAM groups (P<0.01 and
P<0.05, respectively). These results indicate that miso is useful in protecting against mammary
cancer and it can be expected to have a potent antitumor effect, especially when used in combina-
tion with TAM.
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Mammary cancer has been increasing in incidence inn these studies, we have also shown that a 10% miso diet
Japan and is predicted to become the leading cause &f the optimal protective dose for the primary prevention
cancer death among females in the near fitérds a  of cancer in experimental animals. Miso is mainly made
means of primary prevention of mammary cancer, it isby fermentation of soybeans and/or rice and contains a
recommended to avoid high risk factors such as excesgariety of biologically active substances including botanic
intake of fat and calories, especially of animal “fat. proteins, vitamins, fats, enzymes, carbohydrates, saponins,
Therefore, there has been an increasing public demand fasoflavones, phytosterols, and lectifd® Two of the
information on healthy foods that may help in the primaryisoflavones, genistein and daidzein, are known to have a
prevention of cancers in recent years. variety of biological activitied® and to be present in

Epidemiological studies have suggested that womersignificant amounts in miso compared to other soy prod-
who consume a traditional diet high in soy products haveicts®
a low incidence of mammary canéef.A number of ani- Tamoxifen (TAM), a synthetic nonsteroidal antiestrogen
mal studies have shown an inhibitory effect of soy foodsagent, competes with estrogen for binding to estrogen
against radiation- or chemically-induced rat mammaryreceptors and has been used in the treatment of human
carcinogenesi3® Recent studies in our laboratory have breast cancer. On the basis of a report that mammary can-
shown that the Japanese fermented soybean product miser patients receiving TAM as adjuvant treatment showed
has a protective effect against radiation injuPy,and  a reduced risk of new primary lesions in the contralateral
reduces the risk of liver, stomach, and mammary tumorsmmammary gland? a large-scale trial of chemoprevention
and colonic aberrant crypt foci in experimental anirfidls. by TAM for women at high risk of mammary cancer has

been initiated in the United States and EurSpRecent
sPresent address: Department of Surgery, Gotoh Hospital, 1-8-28tudies in experimental animals have shown that the com-
Higashi-chuo, Kure, Hiroshima 737-0052. bination of TAM with an aromatase inhibit8t,9-cisret-
4To whom correspondence should be addressed. inoic acid?® the somatostatin analogue octreofilegr
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dehydroepiandsteroné? is useful for chemoprevention weeks, and, beginning 4 weeks after MNU administration,
of mammary cange the locaton and number of palpbb mammary tumors

In the present styd we investigated the chemopreven- were recorded, and their sizes were measured with a cali-
tive dfect of miso andTAM, both alone and in combina- per under light ether anesthesia every 2 weeks until the
tion, on N-nitroso-N-methylurea (MNU)-induced rat conclusion of the experimenfll rats were observed up
mammary carcinogesis by determining the incidence to 18 weeks and killedta9 weeks @ér MNU adninis-
and multiplicity of mammary tumors. In addition, the tration.
therapeutic #ect of the same regime was also investi- One hour before being killed, the rats were weighed

gated in rats with established mammary tumors. and injected i.p. with 20 mg/kg body weight of 5-bromo-
2'-deoxyuridine (BrdU) obtained from Sigma for BrdU
MATERIALS AND METHODS incorporation assay in the mammary tumors. The animals

were killed by exsanguination from the abdominal aorta
Animals Female CD/Crj Sprague-Dawley (SD) rats were under light ether anesthesia. The serum was obtained and
purchased from Charles River Japan, Inc. (Hino) and usellept at —20°C until used for estradiol-B7(E,) assg. All
in the present styd Four or five rats were housed gross palpable and nonpalpable mammary tumors were
together in autoclaved cages with sterilized wood chipsexcised and weighed, and the tumor size was measured
and kept in a roomvith controlled temperature 422°C) with calipers. Excised mammary tumoer80 mm in diam-
and humidity (5+x10%) under a regular 12-h light, 12-h eter were divided into half: one half was fixed in 10%
dark cycle. All rats were given food and tap watddibi- phosphate-hifered formalin and embedded in a gém
tum They were maintained under the guidelines set forttblock for histological and immunohistochemical stud
in the ‘Guide for the Care and Use of Laboratory Ani- and the othehalf was frozen in liquid itrogen and stored
mals’ established by Hiroshima Univeysit at —70°C until used for cytosolic estrogen receptor (ERc)
Supplement of specified diet and chemicalsRats were assg. Organs were weighed, fixed in 10% phosphate-
fed a commercial regular diet MF (Orientdbast Co., buffered formalin, and embedded in pgirablocks. Each
Tokyo) with or without miso. Miso was made into bis- block was seally sectioned at 3im. Sections were rou-
cuits by combining 10% dry red miso provided by thetinely stainedwith HE.
Miso Central Institute Tokyo) with 90% regular pow- Sections of 28 mammary tumors that developed in each
dered M. Its composibn was 7.69% wate24.3% pro- group were randomly selected for BrdU incorporation
tein, 6.23% fat, 2.53% Haplus a mixture of micro- assg depar#finized, and incubated with monoclonal
organisms, flavors and aromatic compounds, unsaturatethouse anti-bromodeoxyuridine (Dako-BrdUrd, Bu20a,
fatty acid-ethyleste glycosides, isoflavones, and sapo- DAKO A/S, Denmark) at a dilution of 1:20 for 1 h at
nins. Total caloric content per 100 g was 356 kcal. ambient temperaturd/isualization of stained cells by the
MNU was obtained from Sigma Chemical Co., St. Louis,three-stage immunoperoxidase technique was carried out
Mo. and disolved in 0.9% NaCkolution at a concentra- using a Histofine Sab-Po(M) Kit obtained from Nichirei
tion of 50 mg/kg body weightTAM (Sigma Chemical Co. (Tokyo). The BrdU index was determined as the per-
Co.) was fused with cholestdrpowder under hé¢img and  centage of nuclei shang BrdU incorporation by count-
converted to pellets. Each pellet was weighed and cut inting 1,000 nuclei in tumor foci. All slides were blinded
smaller pellets each containing 2.5 mgT#M and 7.5 and scored by one person.
mg of cholesterol. ERc levels were analyzed by radio-receptor assay using
Chemogprevention by miso and TAM, alone and in [16a-"*I]estradiol-1B (E,R Assay Kit, Otsuka Pharma-
combination Under light ether anesthesia, 7-week-old ceutical Co.,Tokushima). The free and bound fractions
female SD rats were given a single dose (50 mg/kg bodyere separated and measured by the dextran-coated char-
weight) of MNU via the right jugular vein, which had coal method®2?? The maximum number of binding sites
been drectly exposed by the cut-down method.tekf (B.,) and the dissociation consta(, values for the
MNU administration, the rats were divided into 4 groups, receptors were determined by a Scatchard plot analysis.
which were gven regular diet (conttagroup), 10% miso Serum E levels were measured with an Estrdi@oatria
diet (10% miso group), regular didlAM (TAM group) Kit (bioMérieux Co., France) using*{l]estradiol®
and a 10% miso dieTAM (10% miso+TAM group). Therapeutic study of miso andTAM in combination
Each group consisted of about 20 rats and was maintainegleven-week-old female SD rats were given a single dose
on a regular diet or miso diet until the conclusion of the(50 mg/kg body weight) of MNU via the right jugular
experiment. ATAM pellet, prepared as described above, vein. When the tumor size reached between 10 and 25
was implanted s.c. on the back at the same time as MNthm in the lagest dimension, the rats were divided into 3
was administeredTAM pellets were renewed at 5 weeks treatment groups (day 0): regular diet (control group;
after the first implantation. The rats were weighed every 2h=7), regular dietTAM (TAM group;, n=7), and 10%
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miso dietTAM (10% miso+TAM group; n=10). TAM RESULTS

was converted to a 2.5 mg pellet as described above and

implanted s.c. on the back at the start of treatment (daggeneral observationsThe time course of body weight
0). Exiging tumors were matored throughout the experi- gain in each group is shown in Fig. 1. The body weight of
ment. At 6 weeks after the start of treatment, monitoredhe control group increased up to 12 weeks after MNU
tumor size was calculated as the product of thgekt
dimension and the mawxum orthogonal diamete and
expressed as a percentage of the initial size measured o

day 0. The rats were then killed and weighed. —_ B
Statistical analysis Data are shown as mea®&. Statis- ® o0t A
tical analysis of the incidence of tumors was performed § -
by wing the x? test, and the data for tumor multiplicity § L
and size, the data for body andyan weight, the bio- T 60}
chemical data, and the BrdU index were compared among E B
groups by using Studeatt test. The results were consid- 2 B
ered statistically significant when tiievalue was 0.05 or 2 3l
less. All P values reported were derived from two-sided 2 i
statistical tests. s
©
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Weeks after MNU administration
Fig. 2. Cunulative incidence (A) and multiplicity (B) of palpa-
Fig. 1. Sequential changes in body weight in each group aftetble mammary tumors after MNU administratios regular diet,
MNU administration @ regular diet, A 10% miso diet, A 10% miso diet O regular dietTAM, © 10% miso
O regular dietTAM, O 10% miso die¢TAM. Each point  diet+TAM. Each point indicates a mean. This experiment was
indicates a mean. performed twice and yielded similar results each time.

Table I. Body Weight and Relative @anWeight according to Group

Relative organweight®

Treament No. of rats Body wt. (g) -
Liver Uterus Ovary Adrenal
Control 22 27730 3.1+x0.4 18061 589+34.4 19.#3.3
10% miso 22 294+29 3.3:0.4 188t40 595+23.1 20.2£2.9
TAM 22 26320 3.0:0.4 13747 57.8t14.4 20.1x2.9
10% mise-TAM 20 25821 3.1+0.3 148t34” 53.3:29.6 21.#3.9

a) Relative ogan weight was calculated per 100 g of body weight.
b) Significantly dfferent from contrglP<0.05.
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Table Il.  Mammary Tumor Data at Termination according to Group

Mammary tumors

Treatment No. of rats

Incidence (%) Total N0, of  muttipiicity®  Size(mm?) Brd‘({,/;?dex
Control 22 20/22 91 99 443.8 276278 7.12.1
10% miso 22 17/22 77 53 223 220+331 5.82.1
TAM 22 15/22 68 31 14149 2474233 5.61.8
10% misa-TAM 20 2/20 10 4 0.220.7"% 12430 5213

a) Number of rats with tumors per total number of rats.

b) Includes both palpable and nonpalpable tumors.

¢) Number of tumors per rat.

d) Tumor size was expressed as a product of the largest dimension and maximum orthogonal diameter.
Significantly different from controlg) P<0.05,f) P<0.01,g) P<0.001,h) P<0.0001,i) P<0.0001 or less.
Significantly different from TAM;j) P<0.05,k) P<0.01,l) P<0.001.

Table lll. E, Level in Serum and ERc Level in Mammary Tumors

Serum ER®

Treatment No. of samples No. of tumors Binax
examined (pg/mi) examined (fmol/mg protein) Ky (<1077 M)
Control 11 71.826.7 8 56.220.6 2.541.27
10% miso 10 46.835.8) 7 102.841.2) 5.88:1.98
TAM 12 56.4:34.5 7 75.267.9 3.0&1.48

10% mise¢-TAM 9 47.9+28.48) NO — —

a) ERc level of mammary tumors was measured by the dextran-coated charcoal method, and the maxi-
mum number of binding site8,) and dissociation constari § values were determined by Scatchard

plot analysis.

b) Significantly different from controlP<0.05.

¢) Not examinied.

Table IV. Effect of Miso and TAM in Combination on Established Mammary Tumors

No. of Mammary tumor3
Treatment No. of rats "
Wwmors  njtial(l) (mm?)  Final(F) (mmd)  F/I (%)
Control 7 10 248103 418240 160
TAM 7 12 229178 293224 141
10% misa-TAM 10 10 245152 17280 8539

a) Initial and final sizes (6 weeks after start of treatment) were expressed as palpable
mammary tumor size, and calculated as the product of two axe’.(mm

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

b) Significantly different from control?<0.05.

¢) Significantly different from TAM;P<0.05.

administration and then plateaued. The body weight of thgjiven TAM was significantly decreased compared to the
groups given TAM was significantly lower than that of control group P<0.05, respectively). There were no sta-
the control groupR<0.01). Mean body and relative organ tistically significant differences in liver, ovary, or adrenal
weights at the time of death are summarized in Table Iweight between any of the groups. The prevalence of cat-
Mean body weight in the 10% mis6AM group was sig- aracts was similar in all treatment groups in the present
nificantly decreased compared to the control groupstudy. The incidence (%) of rats with cataracts was 45%
(P<0.05). The relative weight of the uterus in the groupsin the control group and 48% in the TAM group, while it
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was 18% in the 10% miso grouB<0.05, data not shown)
and 20% in the 10% mis@AM group.

Chemopreventive effect of miso and TAM, alone and
in combination The effects of 10% miso and TAM, |
alone and in combination, on the incidence and multiplic- ¥
ity of mammary tumors are shown in Fig. 2 and Table II. 4
In the combination group, the tumor latency was greatly

compared to the control grou’<0.0001 or less). The
multiplicity of palpable mammary tumors in all treatment

compared to the control grou<0.01). The incidence
(%) and multiplicity (mean tumors/rat) of mammary §
tumors at termination were 91% and 4.5 in the control
group, 77% and 2.4P&0.05) in the 10% miso group, and
68% (P<0.01) and 1.4K<0.01) in the TAM group. Tumor
incidence and multiplicity in the combination group were
10% (P<0.0001 or less) and 0.2P<€0.0001), and were
also significantly decreased compared to the values in th
TAM group (P<0.01 andP<0.05, respectively). Mean §
tumor size in the combination group was significantly “ ;
reduced compared to both the control group and the TAMg&
group P<0.001 andP<0.05, respectively). 0
The BrdU index of the mammary tumors in each group
is summarized in Table Il. The BrdU index of mammary E:§
tumors in the groups given TAM was significantly §
decreased compared to the control grdes0(05). The E ke
levels in serum and ERc levels in mammary tumors are
summarized in Table 1ll. The groups given miso and %
TAM, both alone and in combination, tended to have ¥ Wi
decreased serum,Hevels. The serum [Elevels in the
groups given the miso diet were significantly decreaseds
compared to the control group<0.05). In the 10% miso
group, the maximum number of binding sites was signifi- g
cantly increased in the mammary tumors when compare
with the control groupR<0.05).
Therapeutic effect of miso and TAM in combination
The therapeutic effects of miso in combination with TAM
on the regression of palpable mammary tumors after a 6§
week treatment period are summarized in Table IV. At the &
conclusion of the diet period, mean percent tumor size i
the control and TAM group was 160% and 141% of the
pretreatment value, respectively. On the other hand, th
value in the combination group decreased to 85% of the:
pretreatment value and was significantly different from ¢-ef=
the control and the TAM groupP€0.01 and P<0.05, S
respectively). At the conclusion of the experiment, there Fig. 3. Histopathology of mammary tumors in each group. All
were no significant differences in body weight among the of the tumors were non-invasive papillotubular carcinoma, and
groups. photograph (A) shows a rat mammary tumor from the regular

. . diet group. HEx20. Most of the neoplastic foci in the regular
Histopathology of mammary tumors Although fibroad- diet+TAM group (B) were accompanied by degenerative and

enoma has quite frequently been observed in 7,12-dimethyacyolated changes. HE0. In the 10% miso dieTAM group
ylbenzfalanthracene- or radiation-induced rat mammary (C), heavy infiltrations of lymphoid cells were found in the
tumors2%:27 no fibroadenomas were observed in MNU- stroma surrounding the tumor foci. H&0.

£
s
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induced rat mammary tumors in the present study. Theors of aromatas® In the present study, the serum E
histological appearance of the mammary tumor is showrlevels of the rats given miso were significantly reduced
in Fig. 3. All of the mammary tumors were non-invasive compared to those of the rats not given mispstinu-
papillotubular carcinoma. The histopathology of mam-lates breast cell proliferation and may promote breast
mary tumors in the control and the 10% miso groups wasumor growtht” This suggests that miso reduces the
ordinary non-invasive papillotubular carcinoma (Fig. 3A), amount of E in serum, and thereby may reduce the risk
and no morphological difference between the two group®f mammary cancer.

was apparent. On the other hand, most of the tumor foci The etiology of cataract is uncertain but it is probably
in the TAM group exhibited vacuolated changes (Fig. 3B),the result of age-related degenerative changes or meta-
and in the 10% miselTAM group, heavy lymphoid cell bolic factors in the lens epithelium or bow area. However,
infiltration was noted in the stroma surrounding the tumorits prevalence can be modulated by alterations in sex hor-

foci (Fig. 3C). mone statu$® Cataract is also one of the toxic effects of
long-term administration of high doses of TAM in rats
DISCUSSION and human& 39 In the present study, there was no differ-

ence regarding the appearance of cataract between the

It has been reported that soybean products in the dietontrol and TAM groups, but the groups given miso
reduce the risk of cancé&3V In the present study, the tended to show decreased appearance of cataract. This
soybean product miso significantly reduced the multiplic-suggests that miso has a protective effect against the
ity of mammary tumors, indicating that a miso diet is use-appearance of cataract.
ful in the prevention of mammary cancer. One of the Atrophic change of the uterus is another toxic effect of
candidate cancer-preventive agents in soybeans i$AM in rats?® 5V In the present study, the uterine weight
genistein, the most abundant isoflavone in soybeansn the groups given TAM was significantly decreased
Genistein is a potent inhibitor of tyrosine-specific protein compared to the groups not given TAM. This result
kinases and modulates cell proliferation and transformashould be attributable to the antiestrogenic effect of TAM
tion3? It also inhibits DNA topoisomerase | and®¥, on uterine tissue?
angiogenesi&) and the growth of cultured human gastric It is documented that dietary restriction inhibits tumori-
cancer cell line® via apoptosis® and arrests the cell genesis in rodentd:> In the present study, TAM-admin-
cycle at G-M.3” In addition, genistein has weak phy- istered groups showed about 10-20% body weight
toestrogenic activity, with a uterotropic potency of aboutreduction compared to the control, as evidenced by a sup-
1x10° that of diethylstilbestro®® and it possesses anties- pression of the weight gain by 20-25 g. A two-year carci-
trogenic activity as well. It has been shown to competenogenicity study of TAM in rats showed that the growth
with E, in receptor-binding assa§s’® and to inhibit the rate was reduced in all groups treated with various doses
estrogenic effects of estrone, estradiol, and diethylstil-of TAM.*® This reduction in growth is believed to be a
bestrol*Y More recently, genistein has been shown to beconsequence of the pharmacological activity of TAM and
present at higher levels in miso than in other soybeamelated to changes in hormonal stafisOn the other
products such as soy powder, soy milk, tofu, natto, anchand, our present results on the cumulative incidence of
soy saucé® In our previous study, we clearly identified tumor-bearing rats and growth pattern in the TAM group
the presence of genistein by high-performance liquidare consistent with those found in animals given a 0.5 mg/
chromatographic analysis in the serum of rats given &g diet of TAM by Anzancet al,?® using the same MNU-
miso diet, but not in the serum of rats given a regulainduced rat mammary carcinogenesis model. Thus, this
diet!? Thus, it is assumed that the consumption of miso-systemic effect did not overtly affect mammary carcino-
containing foods with significant levels of genistein is onegenesis in the present study.
possible mechanism of the protective effect against mam- TAM inhibits [*H]thymidine uptake in the cells of pre-
mary cancer. neoplastic lesions in the MNU-induced mammary carcino-

Consumption of soybean products has been shown tgenesis modéP) In vitro, TAM inhibits the proliferation
reduce circulating ovarian steroids in premenopausabf human mammary cancer cells by preventing the transi-
women?? Several in vitro studies have found that tion of cells from the early Gphase to the mid-Gohase
genistein inhibits the biosynthesis of progesterone inof the cell cycle, and as a result, cells accumulate in early
bovine granulosa celf€, antagonizes transforming growth G, phase, while the number of cells in S andplus M
factor a-induced synthesis of estrogen in granulosa andphases decreas®€s’® Thus, TAM has a cytostatic effect.
theca celld? and inhibits the enzyme activity of 7 In the present case, the BrdU index of mammary tumors
hydroxysteroid oxidoreductase type®l,an enzyme that was significantly decreased in the groups given TAM and
converts estrone to ,E Unlike some other flavonoids, the values of BrdU index were comparable in all the
isoflavones, including genistein are generally weak inhibi-groups given TAM. These results suggest that the antipro-

492



Miso and Tamoxifen on Rat Mammary Cancer

liferative activity may be mainly due to the effect of TAM  In summary, the soybean product miso is a useful agent
on the mammary tumors. for chemoprevention of MNU-induced rat mammary can-
We have successfully used the combination of miso ander, and is expected to have an excellent antitumor effect,
TAM for chemoprevention and for adjuvant therapy of especially when used in combination with TAM. Further
established rat mammary cancer. To our knowledge, thigvestigation will be required to assess the usefulness and
is the first investigation of the chemopreventive potentialthe precise mechanism of the miso and TAM in combina-
of miso and TAM in combination. The increase in ERction as a chemopreventive or therapeutic agent against
levels of mammary tumors on the miso diet alone in themammary cancer, and to establish whether this strategy
present study may point to another endocrine pathwaywvill be applicable to humans.
mediating this potent antitumor effect, in addition to the

decrease in the amount of B serum. The miso diet may ACKNOWLEDGMENTS
increase the hormone dependency of mammary tumors
and consequently increase the sensitivity of mammary We thank Misses Kurumi Ishimaru and Midori Tanizaki for
tumors to TAM, producing a synergistic antitumor effect. their technical assistance. A part of this study was supported by
Furthermore, the finding that heavy lymphoid cell infiltra- @ grant from the Miso Central Institute, Tokyo, and a Grant-in-
tion was induced in the stroma surrounding the neoplastiéid from the Ministry of Health and Welfare, Japan.

foci may suggest another antitumor effect, involving (Received January 6, 1998/Revised March 6, 1998/Accepted

immunomodulation rather than hormonal changes.
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