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= Abstract =

  Genistein is a phytoestrogen of the ‘isoflavone' class compounds. These diphenolic 

compounds resemble the structure of estradiol and have been shown to have weak 

estrogenic activity. It appears that they have both estrogenic and antiestrogenic 
effects, depending on the concentrations of circulating endogenous estrogens and 

estrogen receptor (ER). In cultured cell lines, the effects of different concentrations 

of genistein, estrogen or in combination with genistein and estradiol on p21, p53, 
cyclin B1, bax and bcl2 expressions were examined. At the low concentrations, 

genistein showed estrogen agonist action with p21 and p53 expressions. But at the 

higher concentrations, genistein had antiestrogenic activity increasing expression of 
these proteins in the presence of estrogen. The increased expression of cyclin B1 by 

estrogen was tampered by genistein at the highest concentration. Genistein increased 

the expression of bax at the three concentrations tested. In the presence of estrogen, 
genistein showed estrogen agonistic reaction as for bax protein. The expression of 

bcl2 protein did not appear to be influenced by either genistein or estrogen. In 

estrogen-deficient female rats the two different concentrations of genistein were 
employed along with estrogen treatment. The expressions of p21, pp53 and bax were 

examined. In vivo system, estrogen agonistic activity was shown with the higher 

concentration of genistein with bax expression. In Cyclooxygenase-2 (COX-2) ex-
pression, the lower concentration of genistein showed estrogen agonistic activity. The 

inhibitory effect of genistein on the proliferation of cultured cells supports the 

hypothesis that this compound may play a role in the prevention of particular types 
of cancers.

    Genistein (4',5,7-trihydroxyisoflavone), the major 

phytoestrogen in soybeans, legumes, has a structural 

similarity to the estrogens. The molecular distances 

between the two-OH groups on equol nucleus of 

genistein and those of 17 beta-estradiol are similar 

and OH groups offer strong binding affinity to the 

estrogen receptor (Brzozowski et al., 1997).

  Epidemiological evidence indicates that there are 



Ock Jin Park：Estrogen Like and Antiestrogenic Activity of Genistein in Cultured Cell Lines and Female Rats  269

positive associations between chemoprevention and 

dietary soy consumption. A cross-national study 

involving 50 countries identified soy products as 

having a highly significant protective effect against 

prostate cancer (Herbert et al., 1998). Asian women 

with high soy intake have a low incidence of breast 

cancer (Adlercreutz et al., 1991, Lee et al., 1991) 

and the protection by soy intake is lost following 

adoption of a Western-based diet in second 

generations emigrating to the US (Ziegler et al., 

1993). Furthermore, urinary levels of phytoestrogens 

were lower in breast cancer cases compared with 

case-controls (Ingram et al., 1997, Zheng et al., 

1999). The association between dietary soy and 

lower incidence of cancer of the endometrium has 

also been suggested (Goodman et al., 1997).

  Earlier studies have focused on the antiestrogenic 

activity of genistein for the mechanism of chemo-

preventive action. Interference at the level of 

estrogen receptor suggested to be a major role of 

genistein in inhibition of tumor-promoting effect of 

estrogens (Shutt et al., 1972, Martin et al., 1978). 

The initial observation (Akiyama et al., 1987) that 

genistein is a specific inhibitor of tyrosine protein 

kinase, an enzyme frequently over-expressed in 

cancer cells sparked many mechanistic studies of 

genistein on chemoprevention. Genistein is known to 

inhibit the growth of hormone-dependent and inde-

pendent cancer cells in vitro with IC50 10 to 50 

micromol/L (Peterson and Barnes, 1991; Pagliacci et 

al., 1994; Peterson and Barnes, 1996; Hsieh et al., 

1998; Shao et al., 2000; Twaddle et al., 1999). The 

concentration lower than 10 micromol/L, the growth 

of MCF-7 cell, an estrogen receptor positive cancer 

cell line, was stimulated by genistein, however, 

genistein does not stimulate the growth of estrogen 

receptor-negative breast cancer cell. In vivo study 

also demonstrated dose-dependency of genistein. In 

MCF-7 cell implanted athymic, ovariectomized 

mice, genistein, at the concentration of 750 microg/g, 

stimulated tumor cell growth. The concentration of 

genistein under 300 microg/g was not as much as 

stimulatory (Allred et al., 2001). The biphasic effect 

has been attributed to the genistein exerting estrogen- 

like effects at lower concentrations, but at higher 

levels, genistein might act as an estrogen- antagonist. 

The estrogen binding experiment using chimeric 

proteins of ER alpha and beta binding domain has 

shown that genistein is ER ligand and stimulates the 

proliferation of ER alpha dependent breast cancer 

cell lines, and the cytotoxicity of genistein at a 

higher concentrations was ER independent (Maggio-

lini et al., 2001). Genistein has been revealed to 

arrest cell cycle at the G2/M phases in breast cancer 

cells, prostate cancer cells, gastric cancer cells and 

lung cancer cells. Shao et al. (1998) have found that 

genistein has an inhibitory effect on cell proli-

feration both in ER- positive and ER-negative 

human breast cancer cells. This inhibitory effect was 

attributed to G2/M arrest and accompanied by 

increased p21 expression, mediated by stabilizing 

effects on p21 through p53 independent mechanism.

  Davis et al. (1998) has also shown that induction 

of apoptosis by genistein is accompanied by G2/M 

arrest and up-regulation of p21 and down-regulation 

of cyclin B in prostate carcinoma cells. In other 

studies, the increase in p21 were found to be correlated 

with either G2/M arrest (Lian et al., 1998) or G1/S 

block (Kuzumake et al., 1998; Shen et al., 2000). 

However, in human melanoma cells, upregulation of 

p21 did not appear to be required for G2/M arrest 

(Casagrande et al., 2000, Casagrande et al., 2001).

  Apoptotic cell death accompanied by cell cycle 

delay in the G2/M phase has been observed with 

many cancer cell lines treated with genistein (Traganos 

et al., 1992, Matsukawa et al., 1993, Li et al., 1999, 

Lian et al., 1999). The possible regulation of bcl-2 

and/or bax has been the focus of apoptotic cell death 

mechanism, and the results were not consistent. In 

genistein-treated MCF-7 cells, bcl-2 phosphorylation 

was increased 24-48 post-treatment and bax expres-

sion was not increased during this time (Constatinou 

et al., 1998). Li et al. (1999) have found that 

genistein induced up-regulation of bax, proapoptotic 
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protein and down-regulation of bcl-2, which protects 

cells from programmed death be forming hetero-

dimers with bax and reducing the number of bax 

homodimers. The concentration dependency of bcl-2 

expression has been observed with MCF-7 cells 

(Leung et al., 2000). At the threshhold concentration 

of genistein inducing apoptosis (25 micromol/L), 

bcl-2 expression was not elevated however, at the 

higher concentrations both of bcl-2 and bax ex-

pressions were increased. MCF-7 cells were dif-

fered in their sensitivity to apoptosis compared to 

the MDA-MB-231 cells with genistein, and bax: 

bcl-2 ratio was initially increased but later decreased 

after 48 hr (Xu and Loo, 2001). The involvement of 

caspase-3 protease in mediating genistein-induced 

apoptotic pathway has been suggested by the ex-

periment with prostatic carcinoma cell lines by the 

study of Kumi-Diaka et al. (2000).

  PKCs are known to be involved in the induction 

of COX-2 expression (Blanco, et al., 1995). Geni-

stein, known PKC inhibitors was shown to be a 

potent inhibitor of transcriptional activation of 

COX-2 in macrophages (Liang et al., 1999). Using 

beta-galactosidase reporter gene system in human 

colon cancer cells, Mutoh et al. (2000) have shown 

that genistein suppress the COX-2 promoter activity 

with and without TNFalpha-stimulation.

  In this study, the effects of genistein and estrogen 

or in the combination of genistein and estrogen on 

cell regulatory protein expressions in MCF-7 cells 

were compared, and it was found that genistein has 

estrogen agonistic and antagonistic activity de-

pending on concentrations. At the concentrations of 

25 microM and 50 microM, p21 and p53 expres-

sions were similar to those of estrogen. However, at 

the higher concentration of 100 microM genistein 

had antiestrogenic activity increasing expression of 

these proteins in the presence of estrogen. Estrogen 

has been suggested as a promoter of breast cancer 

for its cell proliferative effect (Nenci et al., 1988) 

and an antiapoptotic agent (Perillo et al., 2000). 

Genistein could induce apoptosis at 50 and 100 

microM and estrogen could tamper apoptotic activity 

of genistein at 50 microM as shown with the DNA 

fragmentation assay.

  Antiapoptotic activity of estrogen has been attri-

buted to the increment of cyclin B1 by estrogen in 

MCF-7 cells (Zoubine et al., 1999). In this study, 

the elevated cyclin B1 levels by estrogen was 

lowered by co-treatment with genistein (100 

microM), suggesting that antiapoptotic cell regula-

tion by estrogen could involve cyclin B1 and geni-

stein interacts with estrogen in estrogen antagonistic 

pattern at the higher concentration. The balance 

between proapoptotic bax and antiapoptotic bcl2 

appeared to play a role in susceptibility to apoptosis 

(Minn et al., 1998). Genistein increased the ex-

pression of bax in a dose-dependent manner, and 

estrogen decreased bax protein depending on the 

concentrations. The co-treatment of genistein and 

estrogen showed synergistic activity in the three 

different concentrations. At the concentrations tested 

both genistein and estrogen did not appear to 

influence bcl2 expression in this study. In estrogen- 

deficient female rats, the two different concen-

trations of genistein were employed along with 

estrogen treatment. Estrogen agonistic activity was 

shown with the higher concentrations of genistein in 

bax expression. In whole animal tissues, p21, pp53 

and bcl2 expression did not seem to be related to 

bax expression with low and high concentrations of 

genistein. 

  Cyclooxygenase (COX) metabolizes arachidonic 

acid to prostaglandins and thromboxanes. Among 

the two isoforms of COX, COX-2 is the enzyme 

induced by proinflammatory stimuli, cytokines, and 

mitogens. Evidence is now emerging to show that 

COX-2 is involved in tumorigenesis (Subbaaramaiah 

et al., 1996). There is a possibility that COX-2 is 

involved in genistein-induced apoptosis. In whole 

animal tissue, the lower concentration of genistein 

showed estrogen agonistic activity in COX-2 ex-

pression. The examination of the role of COX-2 in 

genistein-induced apoptosis can provide the infor-
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mation that COX-2 is the molecular target of tumori-

genesis through apoptosis related mechanism.

  This study indicates that genistein has a potential 

to inhibit the proliferation of tumor cells through 

apoptosis mechanism. However, the observed agonistic 

or antagonistic activity of genistein to estrogen in 

vitro and in vivo systems with a concentration 

dependent trend requires further investigation to test 

the dose of genistein in the prevention of various 

cancers.
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