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Abstract: Objectives: Excess estrogen states, such as those generated by obesity, have long been associated with 
the development of type I endometrial cancers. Epidemiological studies have linked consumption of isoflavones 
with a decreased incidence of endometrial malignancy. Thus, our goal was to assess the effect of the isoflavones, 
novasoy and genistein, on cell proliferation, cell cycle, apoptosis, progesterone receptor (PR) and estrogen recep-
tor-alpha (ERα) expression and the AKT/mTOR and MAPK pathways in endometrial cancer cells. Methods: The 
endometrial cancer cell lines ECC-1 and RL-95-2 were used. Cell proliferation was assessed with MTT assay after 
exposure to novasoy and genistein at varying concentrations. Cell cycle progression was analyzed by flow cytometry. 
Apoptosis was assessed by flow cytometery for annexin V expression and ELISA for caspase-3 activity. Expression 
of ERα, PR and hTERT mRNA were evaluated using real time RT-PCR. Western immunoblotting was performed to 
evaluate the effects of novasoy and genistein on the AKT/mTOR and MAPK signaling pathways. Results: Novasoy 
and genistein inhibited cell growth in a dose-dependent manner in both cell lines through induction of cell cycle G2 
arrest and apoptosis. Treatment with novasoy and genistein decreased hTERT expression in a dose-dependent man-
ner. Genistein decreased ERα mRNA expression while increasing PR expression. Genistein induced phosphorylation 
of p42/44 in a dose dependent manner in both cell lines but reduced phosphorylation of S6 in only the RL-95-2 
cells. Conclusions: Novasoy and genistein inhibited cell proliferation through varying pathways in different cell lines 
but included decreased ERα expression and subsequent alteration in the expression of proteins upstream and 
downstream of the AKT/mTOR and MAPK pathways. Thus, isoflavones may be a promising therapeutic agent in the 
treatment and prevention of endometrial cancer.
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Introduction

Endometrial cancer is the fourth most common 
cancer among women, with an estimated 
61,380 new cases diagnosed in the United 
States in 2017 [1]. The incidence of this dis-
ease is on the rise, with diabetes and obesity 
being major contributing factors [2, 3]. Among 
all cancers, increasing body mass index is most 
strongly associated with endometrial cancer 
risk, with >50% of all endometrial cancers 
attributable to obesity [4]. Furthermore, endo-
metrial cancer patients who are obese have a 

poorer prognosis and an increased risk of death 
[3, 4]. The mechanism by which obesity induces 
endometrial carcinogenesis is thought to result 
from the induction of high levels of circulating 
insulin and estrogen, leading to activation of 
multiple cell signaling pathways including the 
AKT/mTOR and MAPK pathways in the endo- 
metrial epithelium. Elevated estrogen levels, 
when not opposed by sufficient progesterone, 
increase a woman’s risk of developing type I 
(endometriod) endometrial cancer, the most 
prevalent histological subtype of this disease 
[5, 6]. Although women diagnosed with early 
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stage endometrial cancers do well when treat-
ed with surgery +/- radiation, the management 
of advanced stage and recurrent endometrial 
cancer remains controversial, as current treat-
ments have yielded little improvements in long-
term survival rates [7, 8]. In an effort to improve 
outcomes, it is important to explore new adju-
vant therapies for this highly obesity-driven 
cancer. 

Phytoestrogens are plant-derived compounds 
that resemble the human reproductive hor-
mone estrogen chemically and have been 
shown to bind ER in vitro [9]. Soybeans and soy 
products are rich in several phytoestrogens, 
with the isoflavone genistein being the major 
component in these products [10]. In recent 
years, epidemiologic evidence has shown that 
populations consuming diets rich in soy prod-
ucts have lower incidence rates of several 
estrogen-related cancers, including breast and 
endometrial cancer [11, 12]. In vitro studies 
have demonstrated chemotherapeutic activity 
of genistein in ovarian, breast, colorectal and 
prostate cancers through various mechanisms 
including induction of apoptosis, G2/M cell 
cycle arrest and down-regulation of the Akt/
mTOR pathway [13-19]. Furthermore, early 
phase 1 clinical trials evaluating genistein in 
the treatment of prostate cancer have been 
promising, demonstrating patterns of decreas- 
ed metastasis [20]. However, the biological 
activity of soy products in endometrial cancer 
cells remains unclear, as genistein has been 
shown to exert diverse biological effects. At low 
concentrations, genistein has been reported to 
interact with the ER, while at high concentra-
tions genistein has been shown to act as a tyro-
sine kinase inhibitor [21, 22]. Similarly con-
founding results have been reported for studies 
involving endometrial cancer cells in vitro, with 
some studies reporting that genistein acts as a 
survival factor contributing to tumor progres-
sion, while others suggesting that genistein 
inhibits cellular proliferation and induces apop-
tosis [23-25]. Clearly, further research investi-
gating the effects of genistein in endometrial 
cancer cells is warranted. Thus, the aim of this 
study was to investigate the effects of the iso-
flavones novasoy and genistein on endometrial 
cancer cells and to understand their potential 
underlying molecular mechanisms of action. 

Materials and methods

Cell culture and reagents

Two endometrial cancer cell lines, ECC-1 and 
RL-95-2, were used for all experiments. The 
ECC-1 cells were grown in RPMI 1640 medium 
supplemented with 5% fetal bovine serum, 100 
units/ml penicillin and 100 ug/ml streptomycin 
under 5% CO2. The RL-95-2 cells were grown in 
RPMI 1640 supplemented with 10% fetal 
bovine serum, 300 mM l-glutamine, 10,000 U/
ml penicillin and 10,000 μg/ml streptomycin 
under 5% CO2. Novasoy was purchased from 
ADM (Vista, CA). Genistein, RNase A and RIPA 
buffer were purchased from Sigma (St. Louis, 
MO). Anti-phosphorylated p-Akt (Ser473), p-Akt 
(Thr308), p-S6 (Ser 235/236), eIf4E and the 
Caspase-3 Activity Assay Kit were obtained 
from Cell Signaling Technology (Beverly, MA). 
The Annexin V FITC Kit was purchased from 
BioVision (Mountain View, CA). Enhanced che-
miluminescence western blotting detection 
reagents were purchased from Amersham 
(Arlington Heights, IL). All other chemicals were 
purchased from Sigma. 

Cell proliferation assay

The ECC-1 and RL-95-2 cells were plated and 
grown in 96-well plates at a concentration of 
5000 cells/well for 24 hours. These cells were 
then treated with various concentrations of 
novasoy and genistein for a period of 72 hours. 
After the addition of MTT dye (5 mg/mL), the 
96-well plates were incubated for 1-2 hours at 
37°C. 100 uL of DMSO was then added to the 
plates in order to terminate the MTT reaction, 
and the plates were subsequently read by mea-
suring absorption at 595 nm. The effect of 
novasoy and genistein was calculated as a per-
centage of control cell growth obtained from 
PBS (1%) treated cells grown in the same 
96-well plates. Each experiment was repeated 
three times to assess for consistency of results. 

Flow cytometry

The two endometrial cancer cell lines were plat-
ed at 2.5-3.5×105 cells/well in 6 well plates in 
the appropriate media for 24 hours. The cells 
were then treated with novasoy and genistein 
at varying concentrations for 24 hours. After 
treatment, the cells were washed twice with 
PBS and fixed in 90% methanol solution and 
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then stored in a -20°C freezer until analysis. 
Cold PBS was used to wash the cells twice. 
Following this, the cells were centrifuged, sus-
pended in 100 uL PBS and 10 uL of RNase A 
solution (250 ug/mL) and incubated for 30 min-
utes at 37°C. After incubation, 110 uL of prop-
idium iodide (100 ug/mL) stain was added to 
each tube and incubated for 30 minutes at 
4°C. Flow cytometric analysis was conducted 
using a CyAn machine (Beckman Coulter, 
Miami, Fl). ModFit (Verity Software House, 
Topsham, ME) was utilized for the analysis to 
control for dead cells and debris. The experi-
ments were performed in triplicate and repeat-
ed twice to assess for consistency of response. 

Annexin V assay

Annexin V was assessed using the Annexin 
V-FITC Apoptosis Detection Kit. The ECC-1 and 
RL-95-2 cells (2.5×105 per well) were plated in 
6 well plates for 24 hours and then treated  
with varying concentrations of novasoy and 
genistein. The cells were then collected, wa- 
shed with PBS and re-suspended in the binding 
buffer. 5 μL of annexin V-FITC and 5 μL of prop-
idium iodide (50 μg/mL) were added in the 
binding buffer for 5 minutes in the dark. The 
samples were immediately measured by the 
CyAn flow cytometer, and the results were ana-
lyzed by Cellquest software. Apoptotic cells are 
expressed as a percentage of the total number 
of cells stained. All experiments were per-
formed in triplicate and repeated twice to 
assess for consistency of response. 

Real-time RT-PCR for hTERT

Analysis of the effect of novasoy and genistein 
on expression of the hTERT gene was conduct-
ed using real-time RT-PCR. Total RNA was 
extracted from both cell lines using the RNA- 
quoes Kit (Ambion, Austin, TX) and further puri-
fied by the DNA-free Kit (Ambion). The reverse 
transcription and PCR reactions were perform- 
ed using the TaqMan Gold One Step RT-PCR Kit 
in the ABI Prism 7700 Sequence Detection 
System (Applied Biosystems, Foster City, CA). 
Reverse transcription was carried out at 48°C 
for 30 minutes. The PCR conditions consisted 
of a 10 minute step at 95°C, 40 cycles at 95°C 
for 15 seconds each and 1 minute at 65°C. A 
housekeeping control gene, acidic ribosomal 
phosphoprotein P0 (RPLP0), was used as an 
internal control to correct for differences in the 

amount of RNA in each sample. The standard 
curve for hTERT was generated by using dilu-
tions of a known amount of cRNA synthesized 
by in vitro transcription of a cloned fragment. 
The normalized level of hTERT in each sample 
was estimated by a ratio of the hTERT level to 
the RPLP0 level. Each experiment was per-
formed in triplicate and repeated twice to 
assess for consistency of results. 

Real-tine RT-PCR for ERα and PR

Total RNA was extracted using RNeasy Mini  
Kit (Qiagen, GmBH, Germany) according to the 
manufacturer’s instructions. Complementary 
DNA was synthesized from RNA using the First-
Strand cDNA Synthesis Roche Kit (Indianapolis, 
IN). The primers and probes for ERα, PR and 
glyceraldehyde 3-phosphate dehydrogenase 
(GAPDH) were designed and synthesized by  
AB Applied Biosystems (Foster City, CA). The 
expression of ERα and PR and GAPDH level  
was evaluated using TaqMan Gene Expression 
Assays according to the manufacturer’s instruc-
tions. To quantify mRNA levels, Ct values were 
defined as ΔCt target gene/ΔCt GAPDH. Target 
gene levels relative to GAPDH levels were 
defined as 2-ΔCt. Each experiment was per-
formed in triplicate and repeated 3 times to 
assess for consistency of results.

Caspase 3 activity assay

To evaluate the mechanism of growth inhibition 
by novasoy and genistein, the induction of 
cleaved caspase 3 was analyzed after expo-
sure to both of these compounds. Both cell 
lines were cultured in 6 well plates at concen-
trations of 2-4×105 cells/well for 24 hours and 
then treated with novasoy and genistein at the 
indicated doses for an additional 24 hours. 
ELISA analysis with a Caspase-3 Activity Assay 
Kit was performed according to the manufac-
turer’s instructions. Briefly, the cells were lysed 
and protein concentrations measured to con-
firm equal loading onto the ELISA plate. Rea- 
gents were added as described by the manu-
facturer, and the ELISA plate was read by mea-
suring absorption at 450 nm. All experiments 
were performed in triplicate and repeated twice 
to assess for consistency of response.

Western immunoblotting

The ECC-1 and RL-95-2 cells were plated at 
2-4×105 cells/well in 6 well plates in their app- 
ropriate media and were treated for 24 hours 
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with genistein in 0.5% stripped serum. Cell 
lysates were prepared in RIPA buffer (1% NP40, 
0.5% sodium deoxycholate and 0.1% SDS) plus 
PhosStop. Equal amounts of protein were sepa-
rated by gel electrophoresis and transferred 
onto a PVDF membrane. The membrane was 
blocked with 5% nonfat dry milk and then incu-

bated with a 1:1000 dilution of primary anti-
body overnight at 4°C. The membrane was then 
washed and incubated with a secondary peroxi-
dase conjugated antibody for 1 hour after was- 
hing. Antibody binding was detected using an 
enhanced chemiluminescence detection buffer 
by Alpha Innotech imaging system (San Lean- 

Figure 1. Novasoy and genistein inhibited cell proliferation in endometrial cancer cells. The ECC-1 and RL-95-2 cells 
were cultured for 24 hours and then treated with novasoy (A) and genistein (B) at the indicated doses for 72 hours. 
Cell proliferation was assessed by MTT assay. Data are presented as the mean of three independent experiments.

Figure 2. Novasoy and genistein induced cell cycle G2 arrest in endometrial cancer cells. The ECC-1 (A and B) and 
RL-95-2 (C and D) cells were treated with novasoy and genistein at the indicated doses for 24 hours and then ana-
lyzed for cell cycle distributions by flow cytometry. 
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dro, CA). Each experiment was repeated three 
times to assess for consistency of results. 

Statistical analysis

All experiments were repeated a minimum of 
three times. Data were presented as mean ± 
S.E.M. Statistical analyses of the differences 
between the groups were determined with the 
two-sided unpaired student’s t-test using 
GraphPad software (La Jolla, CA USA), and a 
value of P<0.05 was considered as significant.

Results

Novasoy and genistein inhibit cell growth in 
endometrial cancer cell lines

The effect of novasoy and genistein on prolifer-
ation was assessed in the endometrial cancer 
cell lines, ECC-1 and RL-95. Both cell lines were 
exposed to varying doses of novasoy and genis-
tein for 72 hours. As shown in Figure 1A and 

1B, both novasoy and genistein inhibited gro- 
wth in a dose-dependent manner in both endo-
metrial cancer cell lines. The mean IC50 value 
for novasoy in the ECC-1 cells was 200 mg/ml 
and in the RL-95-2 cells was 310 mg/ml, at 72 
hours treatment. For the cells treated with 
genistein, the mean IC50 value was approxi-
mately 41 and 50 uM for RL-95-2 and ECC-1 
cells at 72 hours, respectively. The results sug-
gest that both novasoy and genistein effective-
ly inhibit proliferation in endometrial cancer 
cells.

Novasoy and genistein induce cell cycle arrest 
in G2

To evaluate the underlying mechanism of gro- 
wth inhibition by novasoy and genistein, the cell 
cycle profile was analyzed after treating the 
ECC-1 and RL-95-2 cells with varying doses of 
novasoy and genistein for 24 hours. As illustrat-
ed in Figure 2A-D, novasoy and genistein treat-

Figure 3. Novasoy and genistein induced apoptosis in endometrial cancer cells. The ECC-1 (A and B) and RL-95-2 
(C and D) cells were treated with novasoy and genistein at the indicated doses for 24 hours and then analyzed for 
annexin V and PI staining by flow cytometery and caspase-3 activity by ELISA. *P<0.05 and **P<0.01 
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ment resulted in G2 cell cycle arrest and 
reduced G1 phase in a dose-dependent man-
ner in both the ECC-1 and RL-95-2 endometrial 
cancer cell lines. In the ECC-1 cells, G2 phase 
arrest increased from 18.9% in control to 
49.56% in the cells treated with genistein at 
100 uM. In the RL-95-2 cells, treatment with 
genistein increasd G2 phase arrest from 9.7% 
in control to 20.04% at a dose of 50 uM and 
36.44% at a dose of 100 uM. Thus, genistein 
proved to be a more potent in arresting cells in 
G2 as compared to novasoy. 

Novasoy and genistein induce apoptosis 

To determine whether the growth inhibition of 
endometrial cancer cells by novasoy and genis-
tein was related to apoptosis, we evaluated the 
apoptotic effect of both compounds on the 
ECC-1 and RL-95-2 cells by Annexin-V FITC stain 
analysis. This assay detects the phospholipid 
phosphatidylserine (PS) translocated from the 

inner (cytoplasmic) leaflet of the cell membrane 
to the external surface in very early apoptotic 
cells. As shown in Figure 3A and 3B, after treat-
ment of the cells with novasoy and genistein at 
the indicated concentrations for 24 hours, the 
percentage of apoptotic cells increased in a 
dose-dependent manner in both cell lines 
(P<0.01). 

To further analyze the effect of both compo- 
unds on the apoptotic pathway, an ELISA assay 
was used to detect the activity of caspase-3 in 
the ECC-1 and RL-95-2 cell lines treated with 
novasoy and genistein. Caspase-3 is a member 
of the caspase family, which is a cysteine prote-
ase that acts in a cascade manner to trigger 
apoptosis and is considered to be one of the 
effector caspases involved in cell disassembly 
[26]. We found that both novasoy and genistein 
increased cleaved caspase-3 activity in a dose-
dependent manner after 24 hours of treatment 
(Figure 3C and 3D). These data suggest that 

Figure 4. Novasoy and genistein reduced hTERT mRNA expression in endometrial cancer cells. The ECC-1 (A and 
B) and RL-95-2 (C and D) cells were treated with novasoy and genistein at the indicated doses for 24 hours. hTERT 
nRNA expression was determined by real-time RT-PCR. Data are presented as the mean of two independent experi-
ments. *P<0.05 and **P<0.01
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both novasoy and genistein reduce prolifera-
tion, in part, through induction of apoptosis in 
endometrial cancer cells. 

Effect of novasoy and genistein on hTERT 
mRNA Level

The maintenance of telomere length via the 
expression of telomerase is vital to the ability  
of cancer cells to remain proliferative [27]. 
hTERT expression is the rate-limiting determi-
nant of the enzymatic activity of human telom-
erase [28]; and thus, real time RT-PCR was 
used to quantify hTERT mRNA expression in the 
endometrial cancer cell lines. Treatment with 
novasoy and genistein decreased hTERT mRNA 
expression in a dose-dependent manner in 
both cell lines within 24 hours of exposure 
(P<0.01). Increasing doses of both compounds 
produced dramatic reductions in hTERT ex- 
pression for the RL-95-2 and ECC-1 cell lines 
(P<0.01, Figure 4A-D). This data suggest that 

both novasoy and genistein may inhibit telom-
erase activity, a marker of cell proliferation, by 
rapidly decreasing hTERT mRNA levels.

Effect of novasoy and genistein on ER and PR 
mRNA expression

Genistein has been established as a potential 
stimulant of cancer growth at lower concentra-
tions while exhibiting anti-cancer effects at 
higher concentrations [29]. Furthermore, genis-
tein has also been shown to augment pro-
gresterone receptor (PR) expression, antago-
nizing the activity of the estrogen receptor [30, 
31]. In order to evaluate the effect of novasoy 
and genistein on ER/PR expression, we exam-
ined the effect of both compounds on ERα and 
PR mRNA expression. Both novasoy and genis-
tein were found to decrease ERα mRNA expres-
sion in a dose-dependent manner in the ECC-1 
and RL-95-2 endometrial cancer cell lines 
(P<0.01, Figure 5A, 5B). In addition, novasoy 

Figure 5. Effect of novasoy and genistein on ERα and PR RNA expression in endometrial cancer cells. The ECC-1 
(A and B) and RL-95-2 (C and D) cells were treated with genistein at the indicated doses for 24 hours. ERα and PR 
mRNA expression was determined by real-time RT-PCR. Genistein significantly inhibited ERα mRNA expression (A 
and C) and increased PR mRNA expression (B and D) in both cell lines after 24 hours treatment. Data are presented 
as the mean of two independent experiments. *P<0.05 and **P<0.01
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and genistein were found to increase PR mRNA 
expression in a dose dependent manner in 
both endometrial cancer cell lines (P<0.01, 
Figure 5C, 5D).

Effect of genistein on the AKT/mTOR and 
MAPK pathways

It is well known that the activation of the extra-
cellular signal regulated kinase (ERK) and the 
phosphatidylinositol 3 kinase/mammalian tar-
get of rapamycin (PI3K/AKT/mTOR) pathways 
play a crucial role in control of cell growth and 
survival in endometrial cancer and inhibition of 
these pathways leads to the halting of endo- 
metrial cancer growth [10]. To investigate the 
mechanisms underlying the inhibition of cell 
growth by genistein, we characterized the effect 
of genistein on these signaling pathways by 
western immunoblotting. Genistein decreased 
phosphorylation of Akt and increased phos-
phorylation of p42/44 (ERK) in both endome-
trial cancer cell lines within 48 hours of expo-
sure (Figure 6). We then evaluated the effect of 
genistein on the PI3K/AKT/mTOR pathway. Our 
results revealed that genistein decreased 
phosphorylation of ribosomal protein S6 in the 
RL-95-2 cells but had no effect on the phos-
phorylation of S6 in the ECC-1 cells. These  
data suggest that genistein may exert its anti-
tumorigenic effects via activation or inhibition 
of different cell signaling pathways, depending 
on the endometrial cancer cell line being 
examined.

Discussion

Isoflavones, including the phytoestrogen genis-
tein, have attracted considerable interest for 

more, long-term consumption of genistein is 
negatively associated with subsequent endo-
metrial cancer risk in patients with tamoxifen-
treated female breast cancer, suggesting an 
ability of these compounds to generate anti-
proliferative effects in vivo [25, 32, 33]. In this 
study, we investigated the impact of isoflavones 
on the growth of endometrial cancer cells and 
found that novasoy and genistein strongly inhib-
ited endometrial cancer cell proliferation in a 
dose-dependent manner. Growth inhibition 
was accompanied by induction of apoptosis, an 
accumulation of the endometrial cancer cells in 
G2/M phase and decreased hTERT mRNA 
expression. In addition, novasoy and genistein 
treatment increased PR mRNA expression with 
a concomitant decrease in ERα mRNA expres-
sion. These results suggest that isoflavones 
may have therapeutic potential in the preven-
tion and treatment of endometrial cancer.

The mechanism of anti-proliferation induced by 
novasoy and genistein is thought to be related 
to multiple molecular targets in cancer cells, 
including inhibition of protein tyrosine kinases 
(EGFR/VEGFR/Her2) and modulation of ERα/β 
[29]. Apoptosis and cell cycle arrest induced  
by genistein in cancer cells may be a result of 
targeting these signaling pathways [29, 34]. 
Our results showed that the anti-proliferative 
effects exerted by novasoy and genistein can 
be attributed to both the induction of G2/M cell 
cycle arrest and apoptosis in the ECC-1 and 
RL-95-2 cells (Figure 2). Similar results have 
been found in prostate, breast, brain, ovarian 
and colon cancer cell lines with genistein treat-
ment [35-37]. We also found that both novasoy 

Figure 6. Effect of genistein on the Akt/mTOR and MAPK pathways in endo-
metrial cancer cells. The ECC-1 and RL-95-2 cells were treated with genistein 
at the indicated doses in for 24 hours. Phosphorylated-Akt, phosphorylated-
S6 and phosphorylated-p42/44 protein expression was determined by west-
ern immunoblotting. 

their anti-cancer properties. 
Novasoy and genistein have 
been investigated in cancer 
therapeutics and prevention 
over the past ten years. 
Genistein has been found to 
completely inhibit estradiol-
induced mitoses in uterine lu- 
minal epithelium, endometrial 
stroma and myometrium in 
the prepubertal rat uterus, 
block the proliferative effects 
of estrogen on endometrial 
cancer cells and inhibit the 
proliferation of endometrial 
cancer cells and endometrial 
glandular epithelium simulta-
neously in vitro [32]. Further- 
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and genistein significantly increased annexin V 
expression and cleaved caspase-3 activity in 
the RL-95-2 cells but not the ECC-1 cells. These 
results suggest that novasoy and genistein 
induce G2 cell cycle arrest as the predominant 
mechanism in the inhibition of proliferation 
while induction of apoptosis may be unique to 
certain endometrial cancer cells. 

Genistein and novasoy are thought to exhibit 
anti-cancer effects via down-regulation of criti-
cal signaling pathways in human cancers, 
including the NF-κB, AKT/mTOR, MAPK, JNK, 
EGF and IGF pathways [38], and thus, both may 
be attractive agents for cancer prevention or 
treatment [10, 38]. Genistein has been found 
to significantly activate phosphorylation of ERK 
in a GRP30-dependent manner in endometrial 
cancer cells [39]. However, little is currently 
known about genistein’s effects on the AKT/
mTOR pathways in cancer cells. In order to 
determine the effects of genistein on the AKT/
mTOR and MAPK pathways in endometrial can-
cer cells, we detected changes in the phos-
phorylation of AKT/ribosomal protein S6 and 
p42/44, key downstream targets of the AKT/
mTOR and MAPK signaling, respectively. De- 
creased phosphorylation of AKT and increased 
phosphorylation of p42/44 were observed in 
both cell lines after treatment with genistein for 
48 hours. Interestingly, genistein was shown to 
reduce phosphorylation of S6 in the RL-95-2 
endometrial cell line but not in the ECC-1 cell 
line (Figure 6). Thus, inhibition of cell prolifera-
tion by novasoy and genistein may involve  
different cell signaling pathways, in addition to 
G2 cell cycle arrest and apoptosis. 

Nearly all human cancers have been shown to 
be telomerase positive whereas most benign, 
premalignant tumors are characterized by the 
absence of telomerase [40]. Human telomer-
ase reverse transcriptase, hTERT, is the rate 
limiting enzyme responsible for the activation 
of telomerase [41]. Recent data has suggested 
that geinstein induces cell growth inhibition 
through suppression of telomerase activity and 
hTERT mRNA expression, thereby suggesting 
that hTERT may be a potential therapeutic tar-
get in cancer [41, 42]. In this study, novasoy 
and genistein decreased hTERT expression in 
the endometrial cancer cell lines. More than a 
50% decrease in hTERT expression was seen 
with the higher doses of genistein (50 uM and 

100 uM) and novasoy (100 and 200 mg/ml). To 
our knowledge, this is the first study to evaluate 
the role of genistein and novasoy on telomer-
ase activity in endometrial cancer cell lines. 
Furthermore, the level of hTERT mRNA expres-
sion may serve as an indicator of the potential 
sensitivity of endometrial cancer cells to 
isoflavones.

The hyperestrogen state generated by obesity 
has a well-known association with the carcino-
genesis and progression of endometrial cancer 
due to its unopposed stimulatory effects on the 
endometrium, acting through two types of ERs: 
ERα and ERβ, encoded by different genes and 
with different tissue distributions and ligand 
specificities [43, 44]. Genistein is structurally 
similar to 17β-estradiol and has a high affinity 
for binding to ERs, particularly ERβ, which is 
involved in the suppression of ERα-stimulated 
estrogenic signal mechanisms [43]. The poten-
tial beneficial effects of genistein in modulation 
of estrogen-regulated gene expression and  
signaling pathways has been shown to be 
dependent upon dose, tissues analyzed and 
relative proportions of ER isoforms α/β [29]. 
Nutritionally relevant concentrations (nM) of 
genistein have been found to significantly inhib-
it the proliferative effects of estrogen on en- 
dometrial adenocarcinoma cells, presumably 
through activation of stromal cell ERβ [33]. Pre-
treatment with genistein (0.5 mg/kg) complete-
ly inhibited estradiol-induced mitoses in the 
uterine luminal epithelium, endometrial stroma 
and myometrium and partially inhibited estradi-
ol-induced uterine eosinophilia and endometri-
al edema the prepubertal rat uterus, indicating 
that genistein protects against estrogen-
induced cell proliferation in the uterus [32]. 
Furthermore, a single subcutaneous adminis-
tration of genistein significantly decreased the 
levels of 17β-estradiol (5 ppm in diet)-induced 
expression of c-jun, interleukin-1α (IL-1α) and 
tumor necrosis factor-α (TNF-α) mRNAs in the 
uteri of ovariectomized mice, and long term 
treatment of genistein significantly reduced the 
incidences of endometrial hyperplasia and ade-
nocarainoma induced by 17β-estradiol in ICR 
mice [45]. In this study, our results demon- 
strated a decrease in relative ERα mRNA 
expression in endometrial cancer lines treated 
with genistein or novasoy along with a concomi-
tant increase in relative progesterone receptor 
mRNA expression. 
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Given that genistein has anti-proliferative activ-
ity in several cancers as demonstrated in cell 
and animal models, the anti-cancer effects of 
this compound has also been investigated in 
clinical trials. Long-term genistein treatment 
did not change mammographic breast density, 
endometrial thickness or BRCA1 and BRCA2 
expression, whereas it reduced sister chroma-
tid exchange, high frequency cell counts and 
chromosomal aberration frequency and exhib-
ited a positive effect on bone formation in post-
menopausal women, supporting the protective 
effects of genistein maintaining genomic integ-
rity by preventing DNA damage [46, 47]. Serum 
concentrations of genistein after oral adminis-
tration at high doses has been found to result 
in micromolar levels that have been associated 
with anti-tumor activity in vitro [48]. Similarly, 
treatment of pancreatic cancer patients with 
AXP107-11 (genistein) in combination with ge- 
mcitabine resulted in a favorable pharmacoki-
netics profile with high serum levels of genis-
tein, without signs of either hematological or 
non-hematological toxicity [49]. A phase II clini-
cal trial in prostate cancer demonstrated that 
soy isoflavone supplementation inhibited the 
linear rise in PSA in both androgen-sensitive 
and androgen-insensitive patient populations 
without any toxicity [48]. Moreover, the combi-
nation of soy isoflavones with lycopene had 
activity in prostate cancer patients with PSA 
relapse disease and thus, may potentially delay 
progression of both hormone-refractory and 
hormone-sensitive prostate cancer [50]. Curr- 
ently, there are no clinical trials that have evalu-
ated the benefits of isoflavones in the treat-
ment of gynecological cancers, including endo-
metrial cancer. In order to further the investiga-
tion of the anti-cancer properties of genistein in 
endometrial cancer patients, future studies 
conducted in our laboratory will focus on evalu-
ating the effects of genistein on tumor growth 
in our genetically engineered mouse model of 
endometrial cancer. Based on the preliminary 
data generated by these studies, we believe 
that genistein might prove to be a novel and 
well-tolerated therapeutic agent in the treat-
ment of obesity- and hormonally-driven endo-
metrial cancer.
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