
ONCOLOGY LETTERS  2:  891-897,  2011

Abstract. Genistein, the most abundant phytoestrogen in  
soybeans, may bind to estrogen receptors and perform anti-
cancer activities. Choriocarcinoma is a malignant, trophoblastic 
and aggressive cancer of the placenta. Few studies are currently 
available concerning the effects of genistein on choriocar-
cinoma. In the present study, we investigated the effect of 
genistein on the invasive potential of the choriocarcinoma cell 
line JAR and its underlying mechanism. Our data revealed 
that genistein inhibited JAR cell invasion in a dose-dependent 
manner by a matrigel invasion assay. Moreover, genistein 
was found to have decreased the metastasis-associated gene 
MTA3 mRNA level, increased the transcriptional suppressor 
Snail mRNA level and upregulated the protein expression 
of the cell-cell adhesion molecule E-cadherin by real-time 
RT-PCR and Western blot analysis, respectively. ERβ siRNA 
was used to knock down ERβ expression in JAR cells. In the 
ERβ-knockdown JAR cells, genistein failed to inhibit JAR 
cell invasion. The effects of genistein on MTA3, Snail and 
E-cadherin expression were also eradicated following ERβ 
siRNA transfection. These results demonstrated that genistein 
triggered the MTA3/Snail/E-cadherin regulatory pathway by 
binding with ERβ, thereby inhibiting JAR cell invasion. In 
conclusion, our findings have significant implications for the 
prevention and therapy of choriocarcinoma.

Introduction

Choriocarcinoma is a malignant, trophoblastic and aggres-
sive cancer of the placenta. Human placenta is an efficient 
endocrine organ producing large amounts of human chorionic 
gonadotropin, steroid hormones, cytokines, and growth factors. 
After the first trimester, the placenta becomes the major site of 
estradiol production. Estrogens, generated by paracrine and/or 
autocrine mechanisms, may play a significant role in mitogenic 
and/or developmental actions on trophoblast cells (1). Through 
genomic and/or non-genomic signaling pathways, estrogen 
exerts its biological responses by binding to estrogen recep-
tors, which are members of the nuclear receptor superfamily. 
ERα and ERβ are two isoforms that have been identified 
thus far. Both monomeric forms of each receptor subtype are 
approximately 60 kDa and both subtypes bind estradiol-17 
with high affinity but differ in DNA-binding affinity. These 
two ER subtypes are capable of mediating different functions 
depending on the nature of bound ligands, post-translational 
modifications, cofactor interactions and promoter response 
elements (2,3). The expression and functions of the two ER 
subtypes in placenta were previously confirmed. ERα and ERβ 
mRNA levels increased from the first to the second trimester 
and then decreased until normal term delivery in placenta (4,5).

Genistein, a well-known isoflavone, is found in a number 
of plants, fruits and vegetables. Since isoflavones possess a 
phenolic ring system similar to that of estrogens they are able 
to bind to estrogen receptors in humans. Genistein may bind 
to both ERα and ERβ, but with an even higher affinity for 
ERβ than steroidal estrogens (6). Recent studies have shown 
that genistein is a potent inhibitor of tyrosine kinase, which 
is involved in almost all cell growth and proliferation signal 
cascades. Moderate doses of genistein have been found to have 
inhibitory effects on cancers of the prostate, cervix, brain, 
breast and colon (7,8). However, few studies are currently avail-
able regarding the effects of genistein on choriocarcinoma.

E-cadherin is a cell-cell adhesion molecule, which is thought 
to play a significant role in trophoblastic differentiation and 
remodeling during gestation. In extravillous trophoblasts and 
choriocarcinomas, the highly invasive behavior is associated 
with a reduced expression of E-cadherin (9,10). Both the func-
tional disruption of E-cadherin using monoclonal antibodies 
and loss of E-cadherin expression are capable of eliciting the 
acquisition of invasive growth.
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As a key component of an estrogen-dependent pathway 
regulating growth and differentiation, MTA3 is ubiquitously 
expressed and suppresses estrogen receptor element-dependent  
gene transcription activity. A high expression of MTA3 is asso-
ciated with invasiveness (11).

Zinc-finger transcription factor Snail is known to be 
involved in the triggering of the epithelial-mesenchymal  
transition in the precursors of the mesoderm and neural crest 
(12). Findings of previous studies showed that Snail is not only 
capable of directly suppressing E-cadherin gene transcription 
by binding to the E-box on the E-cadherin promoter, but also 
accelerates cancer invasion in various types of carcinomas 
(13). Snail has been reported to be a direct regulatory target 
of MTA3 action, and MTA3 may regulate the Snail and 
E-cadherin expression levels in tumor cells. In the estrogen 
receptor-positive cells, estrogen indirectly upregulates MTA3, 
which suppresses Snail expression, which in turn suppresses 
E-cadherin expression.

In the present study, we investigated the effects of genistein 
on the invasive potential of the human placental chorio- 
carcinoma cell line JAR. To explore its underlying mecha-
nism, we examined whether the ERβ/MTA3/Snail/E-cadherin 
signaling pathway is involved in the inhibitory effects of 
genistein on JAR cell invasion.

Materials and methods

Materials. Culture media, reagents and SuperScriptTM III first 
strand synthesis system for RT-PCR were purchased from 
Invitrogen (Carlsbad, CA, USA). SV total RNA isolation kit was 
purchased from Promega (Madison, WI, USA) and SYBR®-
Green real-time PCR Master Mix from Toyobo Company 
(Osaka, Japan). Genistein was purchased from Sigma-Aldrich 
Chemical Co. (St. Louis, MO, USA). Primary antibodies against 
E-cadherin, β-actin and secondary antibodies against rabbit 
and mouse IgG were purchased from SantaCruz Biotechnology, 
Inc. (Santa Cruz, CA, USA). Other reagents were purchased 
from Sigma-Aldrich Chemical Co. unless otherwise mentioned.

Cell culture. The human choriocarcinoma JAR cell line, 
ATCC HTB-144, was routinely maintained in a humidified 
atmosphere with 5% CO2 in RPMI-1640 containing 1 mM 
sodium pyruvate, 10 mM HEPES, 2 mM L-glutamine and 
4.5 g/l glucose. The cell line was then supplemented with 10% 
(v/v) heat-inactivated fetal bovine serum (FBS), 100 IU/ml 
penicillin and 100 mg/ml streptomycin.

Transfection of JAR cells with ERβ siRNA. FITC-labeled 
siRNA against ERβ and control siRNA were synthesized by 
Gene Pharma (Shanghai, China). JAR cells were transfected 
with 40 pmol ERβ or control siRNA using lipofectamine 2000 

(Invitrogen) according to the manufacturer's instructions. 
After 24 h, the transfection efficacy was measured by flow 
cytometry.

Matrigel invasion assay. A chemoinvasion assay was performed 
as previously reported with some modifications (14). Cell 
invasiveness was evaluated using a BD BioCoatTM MatrigelTM 
Invasion Chamber (BD Biosciences). Briefly, JAR cells treated 
with or without ERβ siRNA for 24 h were digested with 
0.125% trypsin-EDTA and re-suspended in serum-free RPMI-
1640. Polycarbonate filters (8-mm pore size) were coated with 
20 µl of diluted matrigel (1:2 in RPMI-1640) on the upper side. 
The matrigel on the filters was reconstituted with serum-free 
RPMI-1640 at 37˚C for 30 min prior to use. Following recon-
stitution, the medium was carefully removed. Medium (0.8 ml) 
containing 10% FBS (chemoattractant) was then added to each 
well of the plate and 200 µl of cell suspension (1x105 cells) 
was immediately added to the matrigel-coated inserts. The 
cells were incubated with 0, 10, 25, 50 or 100 µM genistein 
for 72 h. Following incubation, the medium was removed and 
cells on both sides of the membrane were fixed in methanol 
for 5 min and then stained with hematoxylin. The non-invasive 
cells were removed with a cotton bud. The number of invasive 
cells was then counted in 5 random fields of the insert under a 
light microscope.

RT-PCR and quantitative real-time RT-PCR. JAR cells 
treated with or without ERβ siRNA were starved in serum-free 
medium for 24 h, followed by the addition of 25 µM genistein 
for the indicated time. Total RNA was extracted according to 
the manufacturer's instructions. Total RNA (2 µg) was reverse 
transcribed and amplified. The relative mRNA level was 
measured by real-time reverse transcription-polymerase chain 
reaction (RT-PCR) using SYBR-Green real-time RT-PCR  
mastermix (Toyobo, Osaka, Japan). GAPDH was used as an 
internal standard. To confirm the deficiency of ERβ in the 
ERβ siRNA-transfected JAR cells, ERβ and GAPDH were 
amplified by PCR. The PCR fragments were visualized on 
a 2% agarose gel containing 5 mg/ml ethidium bromide. 
Table I shows the specific primer pairs for MTA3, Snail, 
GAPDH and ERβ.

Western blot analysis. JAR cells treated with or without ERβ 
siRNA were incubated with 10, 25, 50 or 100 µM genistein 
for 72 h. Total cell lysates from treated cells were harvested 
in RIPA lysis buffer. Protein concentrations were determined 
using the bicinchoninic acid method. Total cell lysates (30 µg) 
were separated by sodium dodecyl sulfate polyacrylamide gel 
electrophoresis (SDS-PAGE) to detect the E-cadherin protein 
expression using β-actin as a loading control. Following 
SDS-PAGE, proteins were electrophoretically transferred to  

Table I. Primer pairs used to amplify PCR products.

Gene Primer sense Primer antisense

MTA3 TGTAAGATGCTTTTAAATTCTTAACC GTACACAAGAACTTATGTTTATTGC
Snail AATCGGAAGCCTAACTACAGCG GTCCCAGATGAGCATTGGCA
ERβ TCACATCTGTATGCGGAACC  CGTAACACTTCCGAAGTCGG 
GAPDH CAATGACCCCTTCATTGACC TTGATTTTGGAGGGATCTCG
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PVDF membranes (Millipore, Billerica, MA, USA). The 
membranes were then blocked at room temperature for 2 h in 
blocking buffer (PBS, pH 7.4, 0.1% Tween, 5% non-fat dry milk). 
Proteins were then incubated at 4˚C overnight with a mouse 
monoclonal IgG against human E-cadherin. After washing 
with PBS, pH 7.4, containing 0.05% Tween-20, goat anti-mouse 
IgG-horse-radish peroxidase conjugate, 1:2000, in washing 
solution was added and incubated for 1 h at room temperature. 
Protein bands were detected using the Perkin-Elmer ECL Kit. 
The band densities were quantified by densitometry using GIS 
software (Bio-Tanon, Shanghai, China).

Statistical analysis. Data were reported as mean ± standard 
deviation and subjected to one-way analysis of variance. 
P<0.05 was considered to be statistically significant.

Results

Inhibition of invasive potential of JAR cells by genistein. To 
evaluate the invasive potential of JAR by genistein, a matrigel 
invasion assay was performed. Over a period of 3 days, a 
strong suppression of JAR invasion was observed. As shown 
in Fig. 1, compared with the control group, the invasive poten-
tial of JAR cells treated with 10, 25, 50 or 100 µM genistein 
decreased by approximately 55.6% (P<0.05), 86.7% (P<0.05), 
98.9% (P<0.05) and 98.9% (P<0.05), respectively.

Effects of genistein on MTA3, Snail and E-cadherin expression 
in JAR cells. MTA3, Snail and E-cadherin are components of 
a pathway correlated with invasion and metastasis. To deter-
mine the hypothesis that genistein inhibits JAR cell invasion 
through this pathway, the protein levels of E-cadherin were 
detected by Western blot analysis as shown in Fig. 2A and B. 
Compared with the control group, E-cadherin protein levels 

were increased by 2.7-, 3.1-, 3.2- and 2.6-fold after incubation 
with 10, 25, 50 or 100 µM genistein, respectively, for 72 h 
in JAR cells. To investigate whether MTA3 and Snail were 
involved in the upregulation of E-cadherin by genistein, the 
mRNA levels of MTA3 and Snail in JAR cells treated with 
25 µM genistein for 0, 1, 2, 4, 8 or 12 h were measured using a 
real-time RT-PCR assay. Consequently, the addition of genis-
tein for 1, 2, 4 or 8 h markedly increased the mRNA expression 
of MTA3 (P<0.05). After 12 h of treatment with genistein, the 
MTA3 mRNA level was found to be lower than that of the 
control level. By contrast, the Snail mRNA level was down-
regulated by genistein after 4 h of treatment, and reached the 
control level at 8 h. Thus, genistein may inhibit JAR cell inva-
sion by suppressing E-cadherin expression, which is correlated 
with the upregulation of the MTA3 level and downregulation 
of the Snail level.

Effect of genistein on the invasive potential of ERβ-knockdown 
JAR cells. As previously indicated, genistein inhibited JAR 
cell invasion in a dose-dependent manner. In their study, 
Manas et al demonstrated that genistein possesses a high 
affinity for ERβ ligand (15). To elucidate whether or not the 
genistein-inhibited invasive potential was mediated by ERβ, 
we investigated the effect of genistein on the invasive poten-
tial of ERβ-knockdown JAR cells. ERβ siRNA was used to 
knock down the ERβ expression. JAR cells were transfected 
with ERβ or control siRNA by lipofectamine 2000. Results 
of the flow cytometry assay showed the transfection efficacy 
to be approximately 90%. After 24 and 48 h of transfection 
the ERβ protein level was markedly decreased in ERβ siRNA-
transfected cells by RT-PCR analysis compared with control 
siRNA (Fig. 3). As shown in Fig. 4A, in the absence of 
genistein treatment, ERβ siRNA-treated JAR cells exhibited 
decreased invasive ability compared to the control siRNA-

Figure 1. Inhibition of invasive potential of JAR cells by genistein. JAR cells treated in the absence or presence of genistein were subject to matrigel chamber 
assays as described in Materials and methods. After 72 h, the number of cells invading through the matrigel and traversing the membrane were counted after 
staining with hematoxylin. Fields (5 per sample) were counted and averaged. (A-E) The representative fields of invaded cells treated with 0, 10, 25, 50 or 
100 µM genistein, respectively, are shown. (F) The inhibition of invasive potential of JAR cells is shown, indicated as the mean of results obtained from three 
independent experiments ± SD. *P<0.05 vs. the non-genistein-treated group.
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treated cells (P<0.05), suggesting that ERβ was crucial for the 
invasiveness of JAR cells. Fig. 4B shows the relative invasive 
potentials of the ERβ siRNA- and control siRNA-treated JAR 
cells treated with genistein, which were normalized to the non-
genistein-treated groups. The invasive abilities of the control 
siRNA-treated JAR cells were decreased to 44.4 and 13.3% by 
10 and 25 µM genistein, respectively, whereas no alteration of 
invasive potential was observed in ERβ siRNA-treated JAR 
cells. Following treatment with 50 and 100 µM genistein, the 
invasive potential of ERβ siRNA-treated cells was found to 
be 31.3 and 19.3%, respectively, which was markedly higher 
than that of the control siRNA-treated JAR cells. These data 
suggest that inhibition of the invasive potential of JAR cells 
by low concentrations of genistein was mediated by ERβ. 
High concentrations of genistein suppressed JAR cell invasion 
partially, though not completely, through ERβ.

Figure 2. Effect of genistein on MTA3, Snail and E-cadherin expression in JAR cells. (A and B) JAR cells were incubated with 0, 10, 25, 50 or 100 µM 
genistein for 72 h and harvested. E-cadherin expression in the total cell lysates was analyzed by Western blot analysis. β-actin was used as the protein loading 
control. JAR cells were incubated with 25 µM genistein for 0, 1, 2, 4, 8 and 12 h and harvested for total RNA extraction. (C) MTA3 mRNA expression was 
analyzed by real-time RT-PCR and normalized to GAPDH level. (D) Snail mRNA expression was analyzed by real-time RT-PCR and normalized to the 
GAPDH level. The data are the mean of results obtained from three independent experiments ± SD. *P<0.05 vs. the non-genistein-treated group.

  A   B

  C   D

Figure 4. Effect of genistein on the invasive potential of ERβ-knockdown 
JAR cells. Following 24 h of transfection with ERβ or control siRNA, JAR 
cells were subject to matrigel invasion assay in the presence of 0, 10, 25, 50 
or 100 µM genistein for 72 h. (A) The number of invaded cells as indicated 
treatment per field were counted after staining with hematoxylin. Fields 
(5 per sample) were counted and averaged. (B) The relative invasive poten-
tials normalized to non-genistein groups are shown. The data are the mean 
of results obtained from three independent experiments ± SD. *P<0.05 vs. 
non-genistein-treated JAR cells with control siRNA. ^P<0.05 vs. non-genis-
tein-treated JAR cells with ERβ siRNA. #P<0.05 vs. control siRNA-treated 
JAR cells with corresponding concentrations of genistein.

Figure 3. ERβ siRNA knocks down ERβ expression in JAR cells. JAR cells 
were transfected with ERβ or control siRNA by lipofectamine 2000. ERβ 
mRNA levels after siRNA transfection for 24 and 48 h were detected by 
RT-PCR and visualized by agarose gel.

  A

  B
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Effect of genistein on MTA3, Snail and E-cadherin expression  
in ERβ-knockdown JAR cells. We demonstrated that anti-
invasion activity by genistein may occur through the MTA3/
Snail/E-cadherin pathway in JAR cells and that genistein 
inhibited JAR cell invasion by binding with ERβ. However, 
MTA3, Snail and E-cadherin are components of a pathway 
downstream of ER. To investigate whether the effect of genis-
tein on MTA3, Snail and E-cadherin expression in JAR cells 
was mediated by ERβ, the effect of genistein on MTA3, Snail 
and E-cadherin levels was investigated in ERβ-knockdown 
JAR cells. As shown in Fig. 5A, the dose-dependent upregula-
tion of MTA3 mRNA levels by genistein was eliminated by 
ERβ siRNA treatment (P<0.05). Fig. 5B shows that decrease 
of the Snail mRNA level at 4 h incubation with genistein was 
eliminated by ERβ siRNA treatment (P<0.05). Following treat-
ment with ERβ siRNA, 25 µM genistein was added for 72 h 
and cells were collected for Western blot analysis. In contrast 
to the group treated with control siRNA, genistein failed to 
induce E-cadherin upregulation (Fig. 5C and D), coinciding 
with the failed inhibition of invasion. These results demon-
strate that genistein triggered the MTA3/Snail/E-cadherin 
regulatory pathway by binding with ERβ and then inhibited 
JAR cell invasion.

Discussion

The present study has shown a novel observation that genis-
tein may inhibit the invasion of choriocarcinoma and its 

underlying mechanism. Using the human placental chorio-
carcinoma cell line JAR in vitro, our findings showed that 
genistein i) inhibited the invasive potential of JAR cells in a 
dose-dependent manner; ii) increased the E-cadherin protein 
expression, increased MTA3 mRNA levels, and suppressed 
Snail mRNA levels; and iii) elicited the above process through 
ERβ-mediated transduction pathways. Thus, our findings have 
significant implications for the prevention and therapy for 
choriocarcinoma.

Since it was reported that Asians have significantly lower 
risk of breast, colon and prostate cancers than Americans (the 
Asian consumption of soya is approximately 20-50 times that 
of Americans), numerous studies on genistein have revealed 
it to be a potent tyrosine kinase inhibitor with a protective 
effect against tumors (16-18). Kousidou et al demonstrated 
that genistein suppresses the invasive potential of human 
breast cancer cells through the transcriptional regulation of 
metalloproteinases and their tissue inhibitors (19). Results by 
Huang et al revealed that genistein inhibits p38 MAP kinase 
activation, matrix metalloproteinase type 2, and cell invasion 
in human prostate epithelial cells (20,21). Lakshman et al 
also reported that dietary genistein inhibited the metastasis of 
human prostate cancer in mice (22). Our data revealed for the 
first time that genistein at 10-100 µM significantly inhibited 
the invasion of the human placenta choriocarcinoma cell line 
JAR in a dose-dependent manner.

E-cadherin is a significant cell adhesion molecule that 
mediates cell-cell adhesion. Various clinical and epidemio-

  A   B

  C   D

Figure 5. Effect of genistein on MTA3, Snail and E-cadherin expression in ERβ-knockdown JAR cells. (A and B) Following 24 h of transfection with ERβ 
or control siRNA, JAR cells were incubated with 0, 10, 25, 50 or 100 µM genistein for 72 h and harvested to determine the protein levels of E-cadherin using 
Western blot analysis. Following 24 h of transfection with siRNA or control siRNA, JAR cells were incubated with 25 µM genistein for 1, 2, 4, 6 and 8 h,  
followed by total RNA purification. (C) MTA3 and (D) ERβ Snail mRNA levels were analyzed by real-time RT-PCR and normalized to the GAPDH levels. 
The data are as the mean of results obtained from three independent experiments ± SD. *P<0.05 vs. non-genistein-treated JAR cells with control siRNA. 
#P<0.05 vs. control siRNA-treated JAR cells with corresponding concentrations of genistein.
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logical data have indicated that loss of E-cadherin adhesion 
functions is frequently involved in the development of tumor 
invasiveness, and the level of E-cadherin expression in a tumor 
correlates with tumor grading and the malignant potential of a 
tumor (23). Karmakar et al reported that in extravillous tropho-
blasts and choriocarcinomas, the highly invasive behavior 
was associated with a reduced E-cadherin expression (24). 
Batlle et al and Hajra et al demonstrated that the transcription 
factor Snail, expressed by fibroblasts and certain epithelial 
tumor cells, suppresses E-cadherin gene expression by binding 
directly to the E-boxes present in the proximal E-cadherin 
promoter (13,25). In addition to these reports, Fujita et al 
showed that the transcription factor Snail was a direct regula-
tory target of MTA3 action. MTA3, a Mi-2/NuRD complex, 
markedly elevated Snail and E-cadherin levels (26). MTA3, 
Snail and E-cadherin are components of a regulatory pathway 
downstream of the estrogen receptor. Therefore, in the present 
study, we investigated whether the MTA3/Snail/E-cadherin 
regulatory pathway is involved in the inhibition of invasion by 
genistein. mRNA expression of MTA3 and Snail and the protein 
expression of E-cadherin was detected by real-time RT-PCR 
and Western blot analysis. We found that the genistein-treated 
JAR cells exhibited an increase of MTA3 and a decrease of 
Snail, resulting in the upregulation of E-cadherin expression. 
In other words, genistein suppressed the invasion of JAR cells 
through the MTA3/Snail/E-cadherin regulatory pathway.

Recent investigations have revealed that ERβ acts as 
a counter-partner of ERα through inhibition of the trans-
activating function of ERα by heterodimerization, distinct 
regulation on various specific promoters by ERα or ERβ, and 
ERβ-specific regulated genes that are probably related to its 
anti-proliferative properties (27). Epidemiological studies of 
genistein consumption indicate the possible contribution of 
ERβ-specific signaling in breast cancer prevention (27). In 
their study, Cheng et al also demonstrated that the expression 
of ERβ in prostate cancer cells leads to an inhibition of invasion 
(28). The mechanisms of action of genistein include the roles 
of these mechanisms as weak estrogens, non-specific inhibitors 
of tyrosine kinase-dependent signal transduction processes and 
cellular antioxidants (29). Genistein binds preferentially to ERβ 
(15). ERβ has been shown to be expressed and to be involved 
in placenta (1,5). In the present study, we clarified that ERβ is 
a mediator of genistein activity in JAR cells. Additionally, our 
results show that the ability of genistein to regulate E-cadherin 
expression was mediated by ERβ since attenuation of ERβ 
expression by ERβ siRNA resulted in the loss of genistein 
induction of E-cadherin and MTA3 levels and of genistein 
suppression of Snail levels. In the present study, after ERβ 
siRNA treatment, 10-25 µM genistein failed to inhibit JAR 
cell invasion completely. Moreover, 50-100 µM genistein was 
capable of suppressing JAR cell invasion, although at a lower 
inhibitory rate than in control siRNA-treated JAR cells. It is 
possible that higher concentrations of genistein may partially, 
but not exclusively, exert their activity through ERβ.

In conclusion, genistein triggered the MTA3/Snail/E-
cadherin regulatory pathway by binding with ERβ, thus inhibiting 
JAR cell invasion. Our findings have significant implications for 
the prevention and therapy of choriocarcinoma. Genistein may 
therefore be a novel treatment approach for choriocarcinoma that 
may be combined with currently available chemotherapies.
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