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Abstract 
 

Prostate cancer (PC) and benign prostatic hypertrophy (BPH) 

are highly prevalent neoplasms. Studies have demonstrated the 

androgen-dependent nature of benign and pathologic growth of 

prostate cells.  Although Androgen Receptors (AR) have strong 

proliferative activity in the prostate, recent studies have implicated an 

anti-proliferative role for Estrogen Receptor Beta (ERβ).  This study 

investigates the effects of ERβ stimulation on normal prostate growth 

in vivo as well as on PC cell growth in vitro to better elucidate a 

mechanism for the proposed anti-proliferative actions of ERβ.  We also 

study the interplay between concurrent androgen and ERβ stimulation 

on PC cell proliferation in vitro.  Our hypothesis is that ERβ activation 

will decrease cell growth and increase cell death in PC cells. Three 

different ERβ-simulating compounds were analyzed; the selective ERβ 

agonist diarylpropionitrile (DPN), the dihydrotestosterone (DHT) 

metabolite 5 alpha androstane-3 β 17b diol (3β-diol), and the isoflavone 

metabolite, equol, a daidzein-derived compound with phytoestrogen 

properties. DPN (2mg/Kg) treatment of adult male EZC3 mice for 21 

days caused a significant decrease in dorsolateral lobe weight as 
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compared to control (P=.0002).  Equol has the same effect on the 

dorsolateral lobe weight of Sprague-Dawley rats.  Furthermore, DPN 

treatment of human Lymph Node Carcinoma of the Prostate cells 

(LNCaP) decreased cell proliferation, an effect that was overcome by 

concurrent treatment with DHT.  Interestingly, equol also showed an 

anti-proliferative effect in cells when used alone as well as in the 

presence of DHT. 3β-diol, however, did not alter cell growth.  Prostate 

specific antigen (PSA) levels measured from treated LNCaP cells as a 

measure of androgen stimulation demonstrated that DPN does not 

interfere with the ability of DHT to stimulate the AR.  Furthermore, in 

vitro data strongly suggest an antagonistic action of equol on the 

effects of DHT not seen by DPN or 3β-diol.  Our data suggest an anti-

proliferative role of some ERβ agonists, notably DPN and equol. 

Although these agonists are ligands of the same receptor, it appears 

that they activate different molecular pathways and have varying 

effects on androgen stimulation by DHT.  The effects of ERβ agonists 

are of paramount importance in modulating hormone-induced PC cell 

proliferation and may have future clinical implication in this widely-

prevalent disease condition. 
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Introduction 
 

Prostate cancer (PC) is the most common malignant neoplasm 

among men in western populations and affects men in their 50’s at an 

increasingly high rate. 13, 16  It has been shown that men living in 

eastern Asia have a significantly lower incidence of PC when compared 

to western populations.3  Previous studies have attributed this 

disparity to differences in diet, namely the significantly higher 

consumption of phytoestrogen compounds in Asian populations.13, 15  

PC results from the interplay of many factors, including degree of 

androgen exposure.13  Given that PC and benign prostatic hypertrophy 

(BPH) are hormone dependent diseases, it is crucial to consider the 

effects that dietary foods, such as these estrogen-like compounds, may 

have on the potential prevention and/or progression of these diseases. 

 Phytoestrogens derived from foods come primarily in three 

forms; isoflavones, lignans, and coumestans. 3, 6  Of the isoflavones that 

are derived from soy beans, daidzein and genistin are thought to be the 

most potent estrogen-like compounds (figure 1).6  These precursors are 

transformed to active compounds by intestinal bacteria.17  Of 

importance, the daidzein derived metabolite equol is produced in only 

about 30% of humans who have the necessary bacterial flora. 6   The  
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protective anti-androgen and perhaps estrogen like effects of equol are 

likely responsible for the decreased rate of prostate cancer in equol 

producing populations such as the eastern Asian population. 4  
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Figure 1: Chemical Structures of the Isoflavonoids 
 
 Genistein, daidzein, and equol compared with estradiol. Genistein 
(4',5,7-trihydroxyisoflavone) and daidzein (4',7-dihydroxyisoflavone) 
are the primary isoflavones in soy, while equol (4',7-
dihydroxyisoflavan) is an isoflavone produced enterically from 
daidzein.  Image and caption adapted from Wood, CE et al.  Effects of 
High-Dose Soy Isoflavones and Equol on Reproductive Tissues in 
Female Cynomolgus Monkeys. Biology of Reproduction, 2006. 75; 477–
486 
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Previous studies have elucidated some of the functions 

influenced by equol.  One proposed mechanism for equol’s action is that 

it binds to and therefore blocks the actions of DHT, the active tissue 

metabolite of testosterone.6 In prostate epithelial cells, DHT is 

produced from testosterone by the enzyme 5-α reductase (figure 2). 6  

This has great implications in androgen-dependent PC as well as in 

BPH.  By decreasing the bioavailable DHT in prostate tissue, equol is 

thought to regulate and contain the cellular proliferation which is 

characteristic of such diseases.  

 Similarly, it has been also concluded from previous studies that 

equol preferentially binds the β variant of estrogen receptor over the α 

variant.6  This brings up questions as to the role of ERβ in prostate 

tissue.  It is known that one of the natural agonists of ERβ is 5 alpha 

androstane-3 β 17b diol (3β-diol) - a metabolite of DHT (figure 2).  In 

non-pathologic states of normal development, ERβ expression is 

initiated after ERα and is expressed in particularly high levels in the 

prostate epithelium cells as compared to the stroma (figure 2).15, 18, 19  

It has been shown to be significant mainly in cellular proliferation, 

differentiation, and puberty. 8  The signaling pathway that takes place 

in a pathologic cancer state due to ERβ activation has yet to be 
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completely discovered, however.  One study using tissue recombinants 

attributed the beneficial effects of estrogen stimulation on prostate 

growth to ERβ stimulation. 8  Studies have shown that ERβ expression 

varies based on the stage of the cancer in that ERβ is over-expressed in 

early stage cancers and under-expressed in late stage metastatic 

cancer. 9   There is also good evidence to suggest that ERβ may have an 

anti-proliferative role in the prostate gland as evidenced by the 

presence of multiple hyperplastic foci in the prostate glands of mice 

with the ERβ gene inactivated.18   It has also been shown that 

treatment with 3β-diol, an ERβ agonist, decreases AR activity.  It is 

likely that by complexing with 3β-diol, ERβ has a regulatory effect on 

the ARs and thus is able to restrain prostate epithelial growth.15  Such 

evidence would also support the explanation behind the reduced 

efficacy of the proposed prostate disease treatment modality of 

aromotase inhibition.  Aromotase serves to convert Testosterone into 

Estradiol within tissues (figure 2).  Driven by the correlation between 

high estrogen levels and prostate disease, aromotase inhibition 

incorrectly was theorized to slow disease progression by hindering 

estrogen formation.  This has been ineffective in doing so because 
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aromotase inhibition obliterates the proposed anti-proliferative 

benefits of estrogen stimulation of ERβ. 8 
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Figure 2: Testosterone Metabolism in the Prostate  

(a) Cholesterol is the precursor of T and E2 in the adrenal glands and 
testes. In the epithelium of the prostate,(b) T is converted by 5α-
reductase to DHT, a potent ligand of AR. DHT is then converted to 
3βAdiol by 17βHSD VII.(c) 3βAdiol exerts estrogenic actions mainly 
through the activation of ERβ, the predominant ER isoform in the 
prostate epithelium. (d) In the stroma of the prostate, T is converted 
by aromatase to E2 that then activates (e) ERα locally and has 
paracrine effects on ERα and ERβ in the epithelium. (f) T is also 
converted by 5α-reductase to DHT that activates AR 
locally. (g) Plasma E2 and T originating from adrenal glands and 
testes could also activate or inhibit ERα in the stroma, respectively. 
Solid lines represent increased activity or activation. Dashed lines 
represent reduced activity or inhibition. Abbreviations: AR, androgen 
receptor; 3βAdiol, 5α-androstane-3β,17β-diol; DHT, 
dihydrotestosterone; E2, estradiol; ERα, estrogen receptor alpha; ERβ, 
estrogen receptor beta; 17βHSD VII, 17β-hydroxysteroid 
dehydrogenase type 7; 5α-reductase, Δ4-3-ketosteroid-5α-reductase; T, 
testosterone. Image and caption adapted from: Sugiyama N, Barros RPA, Warner 
M, Gustafsson J. ERβ: recent understanding of estrogen signaling. Trends in 
Endocrinology and Metabolism (2010). 21, 9; 545-552.  
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While there have been several studies analyzing the effects of 

ERβ agonists in rats and transgenic mice, the research on human 

prostate cancer cells is limited.  The information regarding ERβ’s role 

in vivo with natural endogenous ligands in addition to artificial known 

ligands is also fairly modest.  Given the evidence to suggest anti-

tumor-like activity of this receptor, it would be of great benefit to 

unmask the detailed molecular pathways of this receptor.  If findings 

are consistent with an anti-proliferative role for this receptor, then 

synthetic or natural ligands can be potentially implemented as a novel 

form of treatment for prostate cancer, a medical advancement that is 

particularly attractive given the harsh side effect profile of the current 

treatments for this disease.  Furthermore, if ERβ stimulation is found 

to slow the growth of noncancerous prostate tissue, then this can have 

implications as a potential prevention modality for PC and BPH.   

The purpose of this study is to better investigate the effects of 

ERβ stimulation via various agonists in normal rodent prostate in vivo 

as well as in human prostate cancer cell lines.  The central aim of this 

study focuses on elucidating a possible mechanism for the proposed 

anti-proliferative actions of ERβ by studying its effects.  In an effort to 

unmask a mechanism of this receptor, we also studied the effects of 
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dual receptor activation of ERβ and the AR on human PC cells.  We 

used live and dead cell counts in the various treatment groups as 

indicators of proliferation and apoptosis. Furthermore, we utilized 

Prostate specific antigen (PSA), glycoprotein produced almost 

exclusively by the epithelial cells of the prostate, as an indication of AR 

stimulation in LNCaP cells (figure 3).  PSA has been used extensively 

as an immune-histo-chemical marker of prostatic tissue and as a 

marker for diagnosis and prognosis of PC.14  Previous studies have 

shown that PSA is involved in the growth stimulation of the androgen 

responsive LNCaP cells through the steroid receptor-binding 

consensus (SRBC) which has been implicated as a functional androgen 

responsive element.10  Thus, PSA is used in this study as a marker of 

AR stimulation on LNCaP cells. We hypothesized that stimulation of 

ERβ with various agonists will decrease PC cell growth in vitro and 

diminish or slow the progression of prostate tissue growth in vitro.    

We also anticipate data that suggests an antagonistic role of equol to 

the effects of DHT.  In regards to the other ERβ agonists, we surmise 

that DPN and 3β-diol will have anti-proliferative effects which will 

likely be dominated by the effects of DHT.  
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Figure 3:  Androgen action in the Prostate Cell.  

Testosterone circulates in the blood bound to albumin 
(not shown) and SHBG and exchanges with free 
testosterone.  Free testosterone enters the prostate cells 
and is converted to DHT by the enzyme 5α Reductase. 
Binding of DHT to the AR induces dissociation from 
HSP’s and receptor phosphorylation.  The AR dimerizes 
and can bind to androgen response elements in the 
promoter regions of target genes. Coactivators (such as 
ARA70) and corepressors (not shown) also bind the AR 
complex, facilitating or preventing, respectively, its 
interaction with the GTA.  Activation (or repression) of 
the target genes leads to biological responses including 
growth, survival, and the production of PSA.  Potential 
transcription-independent actions of the androgens are 
not shown. Abbreviations: AR, androgen receptor; ARA70, androgen receptor 
associated protein 70; DHT, dihydrotestosterone; GTA, general transcription 
apparatus; HSP, heat-shock protein; SHBG, sex-hormone-binding globulin. Image 
and caption adapted from: Feldman BJ and Feldman D (2001) Nat Rev Cancer 1: 34-
45 © Macmillan Publishers Ltd. All rights reserved 
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Materials and Methods 
 
Chemicals and Equipment: The DHT and 3β-diol were both obtained 

from Steraloids (Newport, RI) and the equol from LC Laboratories 

(Woburn, MA).  DPN was manufactured in lab.  The culture media and 

xCELLigence materials were obtained from Invitrogen (Carlsbad, 

California), and the PSA ELISA kit from Bioquant.  Media was stored 

in 4˚C, DPN stored at – 80˚C.  DHT, 3β-diol, and equol were all stored 

at room temperature.   

Animals: Adult male EZC3 mice obtained from Baylor college of 

Medicine (ages 72-234 days) were treated with DPN (n=7, 2mg/Kg 

BW), equol (n=6, 10 mg/kg BW), or vehicle (n=8, 27% β-cyclodextrin in 

0.9% NaCl) for 21 days.  Mice were housed on a 12/12 light cycle.  Food 

and water were available ad-lib.  Following treatment, mice were 

weighed and killed via decapitation.  Prostate lobes were individually 

dissected and weighed.  Sprague-Dawley rats from Charles River age 

90-100 days old were injected for 10 days with equol (n=5, 10mg/kg) in 

dimethylsulfoxide (DMSO) or with just DMSO (n=3) while fed with 

phyto-free diet. Following treatment, rats were weighed and killed via 

decapitation. Prostate lobes were individually dissected and weighed.  
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All animal procedures and procedures were approved by The Animal 

Care and Use Committee (IACUC).   

In Vitro: LNCaP cells (within 10 passages of first use) were obtained 

from ATCC and grown in 5% CO2 and stored in a humidified incubator 

at 37˚C.  Media was changed every 4 days and cells were grown to 80% 

confluency and were then plated on 6-well plates.  Forty-eight hours 

after plating, cells were treated with either 5nM DHT, 10nM 3β-diol, 

10 nM S-DPN, 20 µM equol, or vehicle (ethanol <0.1% in RPMI 1640 

media containing charcoal-stripped 10% fetal bovine serum) for 

another 48 hours.  Optimal dosages of all treatment compounds were 

determined through construction of dose curves of the compounds.  

Live cells and dead cells were quantified using a Trypan Blue assay in 

which treated cells were recovered from plate wells using a trypsin and 

media wash and transferred to vial.  This was then spun down and the 

supernatant was suctioned out.  The pellet was resuspended in media 

and 10µL of this suspension was added to 10µL of trypan blue.  The 

solution was mixed well before extracting 10µL into a cuvette and 

placing on the countess machine.  Measurements of live and dead cells 

counts were repeated twice on each sample to assure accuracy and 

recorded.  
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xCELLigence data: The xCELLigence System monitors cellular events 

in real time by measuring electrical impedance across interdigitated 

micro-electrodes integrated on the bottom of tissue culture E-Plates. 

The impedance measurement provided quantitative information 

including cell number, viability, and morphology.  Growth curves were 

initially performed to determine the proper seeding concentration of 

cells which allowed for a short lag period followed by logarithmic 

growth.  LNCaP (Passage 12) cells were plated at a density of 20K cells 

per well on an e-plate in RPMI 1640 media containing charcoal-

stripped 10% fetal bovine serum and placed in an incubator for 17 

hours.  Treatment solution of either 5nM DHT, 20µm equol, vehicle 

(ethanol <0.1% in RPMI 1640 media containing charcoal-stripped 10% 

fetal bovine serum), or combination of 5nm DHT with 20µm equol was 

then added to the wells and the cells were incubated for another 48hrs.  

Electrical impedance data was collected at indicator of cell growth.  

PSA: After treatment of LNCaP cells, 100 uL of media was extracted 

from each well, labeled, and stored in -80˚C.  Media was used in place 

of serum in the PSA ELISA kit.  PSA levels were measured and 

analyzed as per protocol.  
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Statistics:  All data were analyzed using 1-way or 2-way ANOVA. 

Posthoc analysis was performed using Dunnett’s test and significant 

level was set at p<0.05.  
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Results 
 

The effects of ERβ stimulation was demonstrated in vivo in 

healthy non-cancerous rodent prostate.  As shown in figure 4, there 

was a significant reduction in the weight of the dorsolateral lobe of the 

prostate in adult male EZC3 mice after treatment with DPN for 21 

days (p<.0021).  In these same animals, 21 days of treatment with 

equol did not exhibit a statistically significant decrease in prostate 

weight as compared to the control group treated with β-cyclodextrin.  

In the rat model however, treatment with 10 days of Equol 

demonstrated a statistically significant decrease in dorsolateral lobe 

weight as compared to vehicle group treated with DMSO (Figure 5).   

To investigate the effects of ERβ agonism in human cancerous 

cells, the effects of ERβ stimulation were studied in the LNCaP cell 

line.  Treatment of these cells with 5nM DHT for 48 hours 

demonstrated the anticipated proliferative effect of DHT as seen in 

figure 6.  Trypan blue quantification of live and dead cells suggests 

that DHT encourages the survival of cells by inhibiting cell death as 

seen by the decrease in dead cell population (Figure 6A, 6B, 7A, 7B). 

Treatment with 20 µM equol for 48 hours had an anti-proliferative 

effect on LNCaP cells which was statistically significant when 
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compared to vehicle and DHT treatment groups.  Of particular interest 

to us was the interaction between equol and DHT.  To determine which 

effect would predominate, we treated LNCaP cells with a combination 

of DHT and equol for concurrent ERβ and AR stimulation. 

Interestingly, the dual stimulation of ERβ by equol and AR by DHT 

demonstrated a predominantly anti-proliferative effect by equol.  This 

effect was further confirmed by the xCELLigence data (figure 8) which 

allowed us to monitor growth and death via real time measurement of 

cell indices.  DHT demonstrated the expected proliferative effect while 

equol demonstrated a suppressive effect on LNCaP cell growth as 

compared to vehicle in the xCelligence study.  The influence of the 

remaining ERβ agonist in this study, 3β-diol failed to demonstrate any 

statistically significant effect.  As shown in figures 9A and 9B, this 

agonist did not appear to suppress the proliferation of LNCaP cells in 

comparison to vehicle as was initially hypothesized.  

To further study the interplay of ERβ stimulation with AR 

stimulation, we quantified the secretion of PSA, a product of the AR 

stimulation pathway after treatment with DPN alone and in 

combination of DHT.  As expected, treatment with DHT alone lead to 

an increase in PSA levels in the media as compared to vehicle and 
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DPN treatments alone. Interestingly, the dual treatment with DPN 

and DHT group did not alter the secretion of PSA (Figure 10). 
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Figure 4: DPN Decreases Dorsolateral Lobe Weight in Mouse 
Prostate.  

Treatment with DPN resulted in decreased dorsolateral lobe weight 
when normalized to body weight in mouse prostate as compared to 
vehicle.  Equol did not demonstrate this effect in mice however.  * 
indicates p<0021 as compared to vehicle with 1 Anova analysis. 
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Figure 5: Equol Decreases Dorsolateral Lobe Weight in Rat 
Prostate.  

Equol treatment resulted in a lower dorsolateral lobe weight 
normalized to body weight when compared to rats treated with vehicle. 
* indicates statistically significant with unpaired T test, P = .0222 
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Figure 6: The Anti-Proliferative Effects of DPN are Overcome 
by the Effects of DHT  

(A). DPN suppressed LNCaP cell proliferation as compared to vehicle 
and DHT as evidenced by a decrease in live cells in DPN treated group. 
* indicates P<.001 as compared to DHT.  Concurrent treatment of cells 
with DPN and DHT overcomes the anti-proliferative effect of DPN. (B)  
The ability of DHT to inhibit cell death surpassed the anti-proliferative 
effects of DPN as evidenced by decrease in number of dead cells in the 
combined treatment group when compared to the DPN only group. * 
indicates P<.05 as compared to vehicle and DPN.  
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Figure 7: Equol Inhibits LNCaP Growth by Preventing the Effects 
of DHT 

(A). Equol suppresses LNCaP cell growth both alone and in the presence 
of DHT as evidenced by a sustained decrease in density of Live cells in 
the equol and combined equol/DHT treated groups. * indicates significant 
P<.001 as compared to vehicle and DHT with 2-way Anova analysis. (B) 
Equol treatment results in an increase in number of dead cells, an effect 
which persists with the addition of DHT, suggesting an inhibition of the 
effects of DHT on LNCaP cells. * indicates p<.05 as compared to vehicle 
with 2-way Anova analysis.  
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Figure 8: Equol Antagonizes the Effects of DHT on LNCaP Cell 
Growth.   

DHT induces the greatest LNCaP cell proliferation over time as 
evidenced by the highest cell index.  Equol has an anti-proliferative 
and anti-DHT effect on LNCaP cells as compared to vehicle and DHT 
alone, respectively. Doses: 5nMDHT, 20uM Equol. Statistically 
significant one way analysis of variance, P<.0001. 

 
 
 
 
 
 
 
 
 
 



       
 

29 
 

 
 
 
Figure 9: 3β-diol Does Not Significantly Influence LNCaP Cell 
Proliferation.  

 (A) 3β-diol stimulation of ERβ does not result in a strong anti-
proliferative effect as evidenced by an almost equivalent proliferation 
of cells in all four treatment groups. (B) DHT has an inhibitory effect 
on LNCaP cell death as compared to vehicle.  3β-diol did not have a 
statistically significant effect on the effect of DHT.  
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Figure 10: DPN does not interefere with the Androgen 
Stimulation by DHT as suggested by PSA secretion.  
 
PSA levels in the DPN treatment group were significantly lower 
than DHT group. This decrease of PSA secretion did not persist in 
the presence of DHT, suggesting that DPN does not block the 
androgenic stimulation of DHT (p<.005).  
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Discussion 
 

The hormonal dependent nature of prostate tissue is well 

characterized in the literature.6, 8, 15 The proliferative effect of 

androgenic stimulation on prostate tissue is similarly a well-

established notion and is in fact the target of many of the first line 

treatment modalities for prostate tumors.12  The severe side effect 

profiles of these treatment modalities encourage the search and 

investigation for preventative measures as well as better treatment 

options. 1  

Differences in PC prevalence rates between Asian and American 

men have raised the discussion of a potential link to differences in soy-

based food consumption.7  It has been postulated that the most potent 

anti-carcinogenic compound of soy based foods such as soy beans are 

the phytoestrogens in the form of isoflavones such as daidzein and 

genistin.  Equol, a daidzein-derived metabolite with potent 

phytoestrogen properties, has received much attention for its anti-

androgen and estrogen-like effects.  Studies have demonstrated that 

its anti-proliferative properties and cellular effects are conducted 

through an ER, mainly the β variant.4, 6  
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The central aim of this study, driven by the foundational notion of 

an anti-proliferative result of ERβ stimulation by equol, is to 

investigate the effects of other ERβ agonists, namely 3β-diol and DPN.  

Furthermore, we studied the interplay between concurrent androgenic 

and estrogenic stimulation in normal prostate tissue as well as human 

PC cells.  Prostate lobe weights were used as indicators of drug effect 

in the in vivo model and live versus dead cell quantification were used 

as indicators of proliferation in the in-vitro arm of this study.  Finally, 

secretions of PSA were also measured as indication of AR stimulation. 

The effects of ERβ stimulation in healthy non-cancerous prostate in 

an in-vivo model were studied.  The dorsolateral lobe of the prostate in 

the rodent model was of main interest in this study as it is known to be 

the most biochemically and histologically homologous to the human 

peripheral zone which is the site of most carcinomas.21 The ERβ 

agonist DPN significantly decreased the dorsolateral prostate lobe 

weight in mice.  Similarly, equol demonstrated significant reduction in 

rat dorsolateral prostate lobe.  In our experiments, the ability of equol 

to decrease prostate weight was not evident in the mice model, 

however.  One possible explanation for this disparity could be 

attributed to the difference in the media used to dissolve each 
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compound.  β-cyclodextrin was used in the mice and DMSO was used 

in the rats.  It is possible that the β-cyclodextrin used to administer the 

equol in the mice experiment interacted with the equol in some way 

leading to decreased serum levels thereby decreasing the amount of 

equol available to bind receptors at the tissue level.  In subsequent 

experiments, it would be of great benefit to measure serum levels of 

equol to assure therapeutic levels have been attained.  Another 

important factor to consider in animal studies is the age range of the 

subjects used.  In our experiments, the broad age range (72 to 234 days 

old) in the mice may have altered the data, a component that was 

much better controlled for in the rat model (90-100 days old).  

In addition to studying the effects of ERβ stimulation in non-

cancerous prostate, we also investigated the outcome of activating this 

receptor in prostate cancer cells in vitro.  As expected, both equol and 

DPN successfully demonstrated anti-proliferative effects in LNCaP 

cells.  Furthermore, AR stimulation by DHT appears to inhibit cell 

death as indicated by a relative decrease in dead cell pool and increase 

in live cell pool.  This effect was antagonized by the presence of equol 

but not DPN.  This suggests that there is potentially a direct effect on 

DHT or perhaps the AR unique to equol such that there is a reduction 
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in ligand-receptor binding and activation in the presence of equol.  The 

agonist 3β-diol did not significantly alter cell growth, but does show an 

interesting trend of blocking the anti-apoptotic effect of DHT.   

These data suggest an anti-proliferative role of some ERβ agonists, 

notably DPN and equol, although the potency and molecular pathways 

appear to vary depending on the agonist.  Furthermore, in vitro and in 

vivo data strongly suggest an antagonistic action of equol on effects of 

DHT not seen by DPN.  Previous studies have suggested that equol 

binds DHT and thus sequesters it from the AR.6  It appears that DPN 

does not complex DHT in this way as it effects are overcome by the 

presence of DHT.  This data suggest that different agonists of the same 

receptor likely trigger different molecular pathways, possibly through 

differences in configurational modification upon ligand binding. 

Previous studies have shown that ERβ interacts with different 

cytoplasmic proteins depending on the ligand that it is activated by.22  

Researchers have also concluded that ER signaling and gene 

regulation is ligand-dependent.24  Thus, it is possible that the different 

agonists tested in this study induced different downstream effects.  It 

appears that there is not only variability in the pathways activated by 

ERβ stimulation, but also that the ligand-induced effects on the cell’s 
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hormonal milieu has indirect effects on neighboring receptors as well.   

Although the results of this study shed some light on the varying 

effects of individual ERβ ligands, further clarification of the specific 

molecular mechanisms remains to be performed.  The anti-androgenic 

effects of equol as well as other estrogenic compounds are of 

paramount importance in regulating/counteracting hormone-induced 

PC cell proliferation and may have future clinical implication in this 

widely-prevalent disease condition. 
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Future Direction 
 

Further investigations are needed to expand on the findings of 

this study.  Specifically, the gene expression profiles in PC cells 

following ERβ stimulation with and without the presence of DHT 

would be of particular interest to better elucidate the cellular 

pathways.  Prostate specific genes regulated by DHT such as HSPA5 

and MAT2A have been studied and this information can be used to 

study the effects on the expression of these genes by ERβ ligands.2 

Another focus of attention would be to determine if ERβ stimulation 

prevents the development of spontaneous prostate tumors in the 

Transgenic Adenocarcinoma of the Mouse Prostate (TRAMP) model of 

prostate cancer.  This is a genetically engineered transgenic mouse in 

which 100% of the male mice develop prostate hyperplasia with 

primary prostate tumors of epithelial origin by 24-30 weeks of age.23 

The androgen dependence of these tumors and the metastatic potential 

to lymph nodes and lungs have been demonstrated making it an 

appropriate model for studying the effect of dietary or chemical 

intervention on the nature of tumor progression.  
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Conclusions 
 

This study explores the cellular influences of estrogenic 

compounds on prostate tissue by investigating the effects of ERβ 

stimulation by different ligands.  Founded upon the evidence 

suggesting an anti-proliferative role for this receptor, we studied the 

effects of different agonists by analyzing the outcomes of prostate cell 

growth or death with alterations in the hormonal environments.  The 

results of this study suggest that agonists of this receptor may lead to 

anti-proliferative effects through differing mechanisms and that 

certain agonists are vulnerable to the effects of androgenic stimulation 

while others overcome them.  Such is the case with equol, the effects of 

which persist in the presence of DHT and DPN, whose effects were 

masked by it.  The continued study of the anti-proliferative effects of 

this receptor is vital to the augmentation of our understanding of a 

widely prevalent disease with potential implications in treatment and 

prevention of prostate cancer.  
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