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was 18% in the 10% miso grovp (P<0.05. data not shown)
and 20% in the 10% miso+TAM group.
Chemopreventive effect of miso and TAM, alone and
in combination The efiects of 10% miso and TAM,
alone and in combination, on the incidence and muliiplic-
ity of mammary tumors are shown in Fig. 2 and Table I1.
In the combination group, the tumor latency was greatly
reduced, and there was a significamt reduction in ihe inci-
dence of palpable mammary tumors during the experiment
compared 10 the conirol group (P<0.0001 or Jess). The
multiplicity of palpable mammary umors in al] treatment
groups was significantly reduced during the experiment
compared 10 the control group (P<0.01). The incidence
(%) and multiplicny (mean tumorsfral) of mammary
lumors a1 lermination were 91% and 4.5 in the control
group, 77% and 2.4 {(F<G.05) in the 10% miso group, and
68% (P<0.01) and 1.4 (P<0.01) in the TAM group. Tumor
incidence and multiplicity in the combination group were
10% (P<0.0001 or less) and 0.2 (P<(.0001), and were
also significantly decreased compared lo the values in the
TAM group (P<0.0) and P<0.05, respectively). Mean
tumor size in the combination group was significantly
reduced compared 1o both the control group and the TAM
group (P<0.001 and P<0.03, respeciively).

The BrdU index of the mammary tomors in each grovp
1s summarized in Table 1I. The BrdU index of mammary
tumors in the groups given TAM was significamly
decreased compared to the control group (P<0.05). The E,
levels in serum and ERc levels in mammary tumors are
supimarized in Table 1I. The groups given mise and
TAM, both zlone 2nd in combination, tended to have
decreased serum E, levels. The serum E, levels in the
groups given the miso diet were significanlly decreased
compared 10 the control group (P<0.05). In the 10% miso
group, the maximum number of binding sites was signifi-
canlly increased in the mammary tumors when compared
with the control group (P<0.05).

Therapentic effect of mise znd TAM jin combination
The therapewtic effects of miso in combination with TAM
on the regression of palpible mammary tumors after a 6-
week treatment period are summarized in Table 1V. At the
conclusion of the diet period, mean percent tumor size in
the control and TAM group was 160% und 141% of the
pretreatment value, respectively. On the other hand, the
value in the combination group decreased 10 85% of the
preveatment value and was significantly different {rom
the control and the TAM group (P<0.0) and P<0.05,
respectively). At the conclusion of the experiment, there
were no significant differences in body weight among the
eroups.

Histopathology of mammary tumors Although fibroad-
enoma has quite frequenily been observed in 7,12-dimeth.
ylbenz{a)anthracerie- or radiation-induced ral mammary
tumors, ™" no fibroadenomas were observed in MNU-
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Fig. 3. Histopathology of mammary tumors in each group. All
of the wmors were pon-invasive papillotabular carcinoma, und
pholograph (A) shows a ral mammary temor from the regular
diet group. HE, x20. Most of the neoplastic foci in the regular
diet+TAM aroup (B) were accompanied by dezenerative and
vacunlated changes. HE, x20. In the 10% miso diel+TAM aroup
{C), heavy infitrutions of lymphoid cells were found in the
stroma surrounding 1he umor foci. HE, x20.
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induced ral mammary tumors in the present study. The
histological appearance of the mammary wmor is shown
in Fig. 3. All of the mammary tumors were non-invasive
papillowbular carcinoma. The histopathology of mam-
mary tumors in the control and the 10% miso groups was
ordinary non-invasive papillotbnlar carcinoma (Fig. 3A),
and no morphological difference between the 1wo groups
was apparent. On the other hand, most of the tumor foci
in the TAM group exhibited vacuolated changes (Fig. 3B),
and in the 10% miso+TAM group, heavy lymphoid cell
infiltration was noted in the stroma serrounding the tumor

foci (Fig.-3C).

DISCUSSION

It has been reported that soybean products in the diet
reduce the risk of cancer.™" In the present study, the
soybean product miso significantly reduced the multiplic-
ity of mammary tumors, indicating that a miso diet is use-
ful in the prevention of mammary cancer. One of the
candidate cancer-preventive agepis in  soybeans is
genistein, the. most abundant isoflavone in soybeans.
Genistein is a potent inhibitor of tyrosine-specific protein
kinases and modulates cell proliferation and transforma-
tion.*® Tt also .inhibits DNA 1opoisomerase I and II,
angiogenesis,>” and the growth of cultured human gastric
cancer cell lines®™ via apoplosis,®® and amests the cell
cycle at G,-M.? In addition, genistein has weak phy-
toestrogenic activity, with a uterotropic potency of about
1x107% that of diethylstilbesiro),™ and it possesses anties-
trogenic activity as well. 11 has been shown to compete
with E, in recepior-binding assays™*™ and to inhibit the
estrogenic effects of esisone, estradiol, and diethylstil-
bestrol.* More recently, genistein has been shown to be
present at higher levels in miso than in other soybean
products such as soy powder, soy milk, tofu, natio, and
soy sauce.'® In our previous study, we clearly identified
the presence of genistein by high-performance liguid
chromatographic analysis in the serum of rats given a
miso diet, but not in the serum of rals given a regular
diet.'” Thus, it is assumed that the consumption of miso-
containing foods with significant levels of genistein is one
possible mechanism of the protective effect against mam-
mary cancer. . - o

Consumption of soybean products has been shown 10
reduce circulating ovarian steroids in premenopausal
women.”” Several in vitro studies have found that
genisiein inhibits the biosynthesis of progesierone in
bovine granuvlosa cells,*” antagonizes transforming growth
factor o-induced synthesis of estrogen in granulosa and
theca cells,* and inhibits the enzyme activity of 17f-
hydroxysteroid oxidoreductase type 1,°> an enzyme that
converts estrone to E, Unlike some other flavonoids,
isoflavones, including genistein are generally weak inhibi-

492

33)

tors of aromatase.™ In the present study, the serum E,
levels of the rats given miso were significantly reduced
compared to those of the rats not given miso. E, stimu-
lates breast cell prolferation and may promote breast
tumor growth? This suggests that miso reduces the
amount of E, in serum, and thereby may reduce the risk
of mammary cancer.

The etiology of cataract is uncertain but it is probably
the resull of age-related degeneralive changes or meta-
bolic factors in the iens epithelium or bow area. However,
its prevalence can be modulated by alterations in sex hor-
mone statws.*® Cataract is also one of the toxic effects of
long-term administration of high doses of TAM in rats
and humans.”*” In the present study, there was no differ-
ence regarding the appearance of cataract between °
control and TAM groups, bul the groups given mi..
tended 10 show decreased appearance of cataract. This
supaesits that nmiso has a protective effect- against the
appeariance of cataract.

Atrophic change of the vlerus is another 1oxic effect of
TAM in ras.***" In the present study, the uterine weight
in the groups given TAM was significamly decreased
compared 10 the groups not given TAM. This resuli
should be miributable to the antiestrogenic effect of TAM
on vterine tissue. ! :

It is documented that dietary restriction inhibits tumori-
genesis in rodents.*>> In the present study, TAM-admin-
istered groups showed about '10-20% body weight
reduction compared to the control, as evidenced by a sup-
pression of the weight gain by 20-25 g. A two-year carci-
nogenicity study of TAM in rats showed that the growth
rale was reduced in all groups treated with various doses
of TAM.* This reduction in growth is believed to be a
consequence of the pharmacological -activity of TAM and
related 1o changes in hormonal status.® On the othy
hand, our present results on the cumulative incidence o,
lumor-bearing rats and growth pattern in the TAM group
are consistent with those found in animals given a 0.5 mg/
kg diet of TAM by Anzano er al.,*® using the same MNU-
induced rat mammary carcinogenesis model. Thus, this
systemic effect did not overily affect mammary carcino-
genesis in the present study.

TAM inhibits [*H]thymidine uptake in the cells of pre-
neoplastic lesions in the MNU-induced mammary carcino-
genesis model* In viro, TAM inhibits the proliferation
of human marmmary cancer cells by preventing the transi-
tion of cells from the early G, phase 10 the mid-G, phase
of the cell cycle, and as a result, cells accumulate in early
G, phase, while the number of cells in § and G, plus M
phases decreases.®*® Thus, TAM has a cytostatic effect.
In (he present case, the BrdU index of mammary tumors
was significantly decreased in the groups siven TAM and
the values of BrdU index were comparable in all 1he
groups given TAM. These resulls suggest that the antipro-




liferative activity may be mainly due 10 the effect of TAM
on the manmary mors.

We have successfully used the combination of miso and
. TAM for chemoprevention and Tor adjuvant therapy of

esiablished rat mammary cancer. To our knowledge, this
is the first mvestigation of the chemopreventive potential
of miso and TAM in combination. The increase in ERe
levels of mammary tumors on the miso diet alone in the
present study may poinl 1o another endocrine pathway
mediating this potent antitumor effect, i addition (o the
decrease in the amount of E, in seren. The miso diet may
increase the hormone dependency of mammary tumors
and consequently increase the sensitivity of mammary
tumors 10 TAM. producing a synergistic antrtumor effect.
Furthermore, the finding that heavy lymphoid cell infilira-
ton was induced in the stroma suwrrounding the neoplastic
foci may suggest another antitumor effect, mvolving
immunomodulation rather than hormonal changes.
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