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Abstract 

Over the last ten years Prostate Specific Antigen (PSA) based screening and heightened 

awareness has lead to a substantial increase in the number of men diagnosed with early 

stage, localized prostate cancer. Treatment of localized prostate cancer can be broadly 

divided into four categories: surgery, hormone therapy, radiation therapy or watchful waiting. 

With the recent success of the anti-androgen Bicalutamide 150mg (Casodex®), Early Prostate 

Cancer (EPC) Programme, many physicians are now encouraging their patients to add 

Casodex® to other standard therapies. These same patients are being exposed to information 

in the lay literature regarding the benefits and risks of dietary components like phytoestrogens 

(particularly green tea, soy products and cooked tomato products) as well as herbal extracts 

such as saw palmetto and PC-SPES (PC for Prostate Cancer; SPES lat. for Hope) and also 

xenoestrogens like bisphenol A (BPA).   

A number of so-called xenobiotics, including pesticides (p,p’-DDT), plasticizers (BPA) and a 

variety of other industrial chemicals (polychlorinated biphenyls) contain a phenolic ring that 

mimics the A-ring of estradiol and have been reported to have hormonal or anti-hormonal 

activity. Although the level of exposure to these xenobiotics may be, if any, very low, they may 

exert their potential toxicity or endocrine disturbance in human beings and wildlife.  

(Anti-)androgen like effects of environmental and nutritional compounds were evaluated using 

new immunohistochemical and morphometric methods. Therefore, orchiectomized Wistar rats 

(n=13) were treated s.c. with 1 mg/kg bw/day testosterone propionate (TP) for 7 days and 

compared to orchiectomized rats without TP substitution (OX) and to an untreated intact 

control group. Sections obtained from prostates and seminal vesicles were stained with 

polyclonal and monoclonal antibodies against the androgen receptor (AR) and assessed 

densitometrically (intensity of the immunoreaction) and morphometrically (epithelial height and 

luminal area). TP caused an enhancement of staining intensity and an increase in organ 

weights, epithelial height and luminal area. The use of proliferation markers (PCNA, MIB-5) 

showed also a highly significant increase of immunoreactive cells in TP-substituted 

orchiectomized rats compared with the OX group. Based on the present data, the 

densitometric analysis of AR-immunoreactivity as well as the assessment of proliferation 

markers, epithelial height and luminal area proved to be sensitive parameters for the 

evaluation of androgen effects on prostates and seminal vesicles. In further studies these 

parameters will be used to test several industrial xenoestrogens as well as phytoestrogens on 

their possible androgenic capacity.  

Using this test methods, we evaluated (anti-)androgen like effects of BPA. Animals were 

treated p.o. either with vehicle or with 3, 50, 200, 500 mg/kg bw/day BPA (n=13) for seven 

days. One group was treated s.c. with 1 mg/kg bw/day TP. FL (3 mg/kg bw/day, p.o.) was 
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used to antagonize androgen effects of the suprapharmacological dose (500 mg/kg bw/day) of 

BPA. Androgen like effects of BPA on prostates and seminal vesicles were assessed by the 

Hershberger Assay, densitometric analysis of AR immunoreactivity, cell proliferation-index 

and a morphometric analysis. Absolute weights of prostates and seminal vesicles were not 

increased by BPA, whereas the relative weights were increased at higher doses of BPA, most 

likely due to a decrease in body weight indicating toxic effects (diarrhea, acidity) of this 

compound. Staining intensity for AR immunoreactivity was increased at low but not at higher 

doses of BPA in comparison to the orchiectomized rats. BPA at all doses tested did not cause 

an increase of the cell proliferation-index. Epithelial height and glandular luminal area were 

increased by low doses of BPA, whereas higher doses caused a decrease of these 

parameters.  

While epidemiological, and molecular and cellular studies have shown that some of dietary 

components are associated with lower incidence of prostate cancer, there have been no 

studies that have examined the effects of these components on prostate cancer progression. 

Furthermore, the possible (adverse) effects of these dietary components on standard 

therapies, particularly hormone therapy, have not been examined. We are using the PC-346C 

orthotopic model of prostate cancer to examine the interactions between green tea 

consumption and hormone therapy in regulation of prostate tumor progression and metastasis. 

These experiments will serve as a paradigm for the study of the interactions of other nutrients, 

herbal extracts or natural products with standard therapy. These studies have the potential to 

impact on dietary recommendations for men diagnosed with early stage prostate cancer who 

contemplate standard therapies. We hypothesize that (-)-epigallocatechin-3-gallate (EGCG), 

green tea, quercetin and rutin consumption may alter the sensitivity of prostate tumor cells to 

hormone therapy, resulting in dysregulation of the mitotic and apoptotic pathways in early 

stage, hormone confined cancers, leading to the induction of hormone resistance and tumor 

progression. The flavonoids EGCG, quercetin, rutin are known inter alia as antioxidants 

common in green tea and apples. It was recently shown, that they may have significant growth 

inhibiting effects on human cancer cell lines and in tumor xenografts in different animals like 

mice and rats.  

The primary catechine in green tea is the flavanol (-)-epigallocatechin-3-gallate — a 

polyphenolic compound with a flavonoid structure. Quercetin is a flavonoid that forms the 

“backbone” for many other flavonoids, including the citrus flavonoid rutin. Quercetin and rutin 

are flavonols. 

EGCG (50µM) inhibited cell proliferation significantly after 24 hours of all mentioned cell lines. 

Human androgen-dependent LNCaP and human androgen-independent PC-3 cells were 

treated with EGCG (10µM, 25µM, 40µM, 50µM, 100µM) for 2h, 4h, 6h, 12h, 24h, 36h. 

Adherent cells remaining after treatment were detected by Crystal Violet Assay (CV). 10µM 
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EGCG inhibited cell growth in LNCaP cell line significantly after 2h compared to vehicle 

control (Ethanol). 50µM of EGCG inhibited cell growth in PC-3 cells after 2h significantly. 

Androgen-dependent PC-346C cells were treated with EGCG (10µM, 25µM, 40µM, 50µM, 

100µM) for 2h, 4h, 6h, 12h, 24h and 36h). AR antagonists like Casodex® and 50µM EGCG 

inhibited cell growth in human PC-346C cell line significantly after 24 hours. Higher 

concentrations and longer exposure of EGCG led to a dose-dependent PC cell death in all 

treated groups in the used cell lines. Cell cycle data showed significant S-phase arrest in all 

cell lines used. EGCG induced significant apoptosis in human PC-346C and LNCaP cells.  

Furthermore, we inoculated nude mice with human PC-346C and PC-3 cells and treated them 

with green tea for 6 weeks. Preliminary data showed a significant reduction of tumor weights 

after 6 weeks. A combination treatment with green tea and Casodex also led to a significant 

reduction of human PC-346C tumors. Taken together, these findings indicate, that EGCG and 

green tea respectively inhibit PC cell growth by inducing apoptosis in human LNCaP, PC-

346C and PC-3 cells in vitro as well as in vivo as a function of dose and time. Similar data 

could be observed for quercetin using four human cancer cell lines. In spite of chemical 

relation to EGCG and quercetin, rutin showed no effects on cancer cell lines. 

These findings indicate the potential of dietary compounds or even xenoestrogens as mild 

agents for PC prevention and/or even treatment. 
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Zusammenfassung 

Aufgrund von PSA (Prostate Specific Antigen) basiertem Screening und gleichzeitig höherem 

Risikobewusstsein ist die Anzahl der Patienten mit lokalisiertem Prostatakrebs im Frühstadium 

in den letzten 10 Jahren stark angestiegen. Behandlung von lokalisiertem Prostatakarzinom 

kann im Wesentlichen in vier Kategorien eingeteilt werden: OP, Hormontherapie, 

Strahlungstherapie und Beobachtung. Der Behandlungserfolg mit dem Antiandrogen 

Bicalutamid 150mg (Casodex®), Early Prostate Cancer (EPC) Programm, bei Prostatakrebs 

im Frühstadium, führte von vielen Ärzten zu vermehrten Empfehlungen von 

Kombinationsbehandlungen (Casodex®) mit den bekannten Standardtherapien. Diese 

Patienten werden durch diverse Informationsquellen auf Risiken und mögliche Vorteile von 

Phytoöstrogenen (Grüner Tee, Sojaprodukte, Tomatenprodukte) als auch Kräuterextrakte wie 

Palmettoextrakt und PC-SPES (PC für Prostatakrebs; SPES für Hoffnung) und auch 

Xenoöstrogenen wie Bisphenol A (BPA) hingewiesen.  

Eine Reihe sogenannter „Xenobiotika“ wie Pestizide (p,p’-DDT), Weichmacher (BPA) und 

viele andere Industriechemikalien (polychlorierte Biphenyle) beinhalten einen phenolischen 

Ring, welcher den bekannten A-Ring vom weiblichen Geschlechtshormon Östradiol zu 

imitieren vermögen und bekannt sind für ihre Fähigkeit hormonelle und anti-hormonelle 

Aktivität zu entfalten. Auch wenn der Grad der Exposition solcher „Xenobiotika“ sehr gering 

erscheinen mag, könnten sie ihre potentielle Toxizität oder ihr endokrines Störpotential im 

Menschen und in Tieren ausüben.  

(Anti-)androgen ähnliche Effekte von Umwelthormonen (Xeno- und Phytoöstrogene) und 

hormonell aktiven Nährstoffen, sind mit neuen immunhistochemischen und morphologischen  

Methoden untersucht worden. Orchiektomierte Wistar Ratten (n=13) wurden s.c. mit 1 mg/kg 

KG/Tag Testosteronpropionat (TP) über 7 Tage behandelt und mit orchiektomierten Ratten 

ohne TP Behandlung (OX) und einer unbehandelten intakten Gruppe verglichen. 

Immunhistochemische Schnitte der Prostata und der Samenblase wurden mit polyklonalen 

und monoklonalen anti-AR (anti-Androgen Rezeptor) Antikörpern gefärbt und densitometrisch 

(Intensität der Immunreaktion) und morphometrisch (Epithelhöhe und Lumenfläche) 

vermessen. TP führte zu einer Steigerung der Farbintensität und der Organgewichte, der 

Epithelhöhe und der Lumenfläche. Die Anwendung von Proliferationsmarkern wie (PCNA, 

MIB-5) zeigte ebenfalls eine hoch signifikante Steigerung von immunreaktiven Zellen in TP 

behandelten orchiektomierten Ratten im Vergleich zur unbehandelten OX Gruppe. Basierend 

auf diesen Daten, erwiesen sich sowohl die densitometrische Analyse der AR-

Immunreaktivität als auch Abschätzung der Proliferationsmarker, Epithelhöhe und der 

Lumenfläche als zuverlässige Parameter bei der Evaluation von androgenen Effekten  auf die 

Prostata und der Samenblase. In weiteren Studien werden diese Parameter genutzt, um 
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einige industrielle Xenoöstrogene als auch Phytoöstrogene auf ihre mögliche androgene 

Kapazität hin zu testen. 

Zur Untersuchung (anti-)androgen ähnlicher Effekte von BPA wurden, unter Anwendung 

obiger Testparameter, orchiektomierte Wistar Ratten (n=13 pro Gruppe) mit 3, 50, 200, 500 

mg/kg KG/Tag über 7 Tage behandelt. Eine Gruppe wurde mit 1 mg/kg KG/Tag TP behandelt. 

FL (3 mg/kg KG/Tag) wurde gegeben, um mögliche androgene Effekte der 

suprapharmakologischen Dosierungen (500 mg/kg KG/Tag) von BPA zu antagonisieren. 

Neben dem industriell validierten Hershberger Assay wurden densitometrische Auswertung 

der Immunreaktivität (AR), Proliferationsindex und morphometrische Analyse angewandt. 

Absolute Gewichte von Prostata und Samenblase wurden durch BPA nicht verändert. Relative 

Gewichte waren aufgrund der Abnahme des Körpergewichts (toxische Effekte wie Diarrhö und 

Übersäuerung) leicht erhöht. Farbintensität der AR-Immunreaktivität und Epithelhöhe und 

Lumenfläche waren bei niedrigen Dosierungen von BPA leicht erhöht. Höhere Dosierungen 

von BPA führten im Gegensatz zu einer Erniedrigung aller Werte im Vergleich zu den 

orchiektomierten unbehandelten Tieren. Der Proliferations-Index wurde in allen getesteten 

Dosierungen von BPA nicht beeinflusst. Epithelhöhe und glanduläre Lumenfläche waren 

erhöht bei den niedrigen Dosierungen von BPA, wobei die höheren Dosierungen zu einer 

Abnahme dieser Parameter führten. 

Während epidemiologische, molekularbiologische und zelluläre Studien aufzeigen, dass 

Nahrungsinhaltsstoffe mit einer geringeren Häufigkeit von Prostatakrebs in Verbindung 

gebracht werden, gibt es keine Daten die die Effekte dieser Substanzen auf das Fortschreiten 

des Prostatakrebs aufzeigen. Weiterhin sind die möglichen nachteiligen Effekte solcher 

Substanzen auf Standardtherapien, speziell der Hormontherapie, vollkommen unklar. Zur 

Untersuchung der Interaktion zwischen grünem Tee Konsum und der Hormontherapie auf den 

Prostatakrebs (PC) benutzen wir ein PC-346C orthotopisches Tiermodell des PC. Diese 

Studie soll Vorreiter für weitere Studien zur Untersuchung weiterer Xeno- und Phytoöstrogene 

und deren Einfluss auf den PC sein. Diese geplanten Studien werden 

Ernährungsempfehlungen für Patienten mit PC im Frühstadium hervorbringen. Wir nehmen an, 

dass EGCG, grüner Tee, Quercetin und Rutin die Sensitivität der Prostata Krebszellen auf die 

Hormontherapie zu verändern vermag, resultierend in einer Dysregulation der mitotischen und 

apoptotischen Signalwege des sich im Frühstadium befindlichen Hormon abhängigen Krebs’, 

welche zu einer Induzierung der Hormonresistenz und des Tumorwachstums führen. Die 

Flavonoide EGCG, Quercetin und Rutin sind unter anderem als Antioxidantien bekannt und  in 

grünem Tee und Äpfeln vertreten. Es konnte kürzlich gezeigt werden, dass diese Substanzen 

einen signifikant wachstumshemmenden Einfluss auf humane Krebszelllinien und humane 

Tumore in Mäusen und Ratten haben.  
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Das primäre Katechin in grünem Tee ist das Flavonol (-)-Epigallocatechin-3-Gallat - eine 

polyphenolische Komponente mit einer Flavonoidstruktur. Quercetin ist ein Flavonoid, welches 

als Grundgerüst vieler anderer Flavonoide wie dem Citrus-Flavonoid Rutin dient. Quercetin 

und Rutin sind Flavonole. 

EGCG (50µM) hemmte in unseren Untersuchungen die Proliferation in allen getesteten PC-

Zelllinien nach 24 Stunden signifikant. Humane androgen-abhängige LNCaP und humane 

androgen-unabhängige PC-3 Zellen wurden mit EGCG (10, 25, 40, 50 und 100µM) über 2, 4, 

6, 12, 24 und 36 Stunden behandelt. Adhärente Zellen nach der Behandlung wurden mit dem 

Kristallviolett Assay (CV) detektiert. 10µM EGCG hemmte die Proliferation der LNCaP Zellen 

nach 2 Stunden signifikant im Vergleich zur Ethanol Kontrolle. In PC-3 Zellen wurde das 

Zellwachstum nach 2 Stunden in einer Dosierung von 50µM EGCG signifikant gehemmt. 

Androgen-abhängige PC-346C Zellen wurden mit EGCG (10, 25, 40, 50 und 100µM) über 2, 4, 

6, 12, 24 und 36 Stunden behandelt. AR-Antagonisten wie Casodex® und 50µM EGCG 

hemmten das Wachstum von humanen PC-346C Zellen signifikant nach 24 Stunden. Höhere 

Konzentrationen und längere Einwirkdauer von EGCG führte zu einem dosis-abhängigen PC 

Zelltod in allen behandelten Gruppen der genutzten Zelllinien. Zellzyklusdaten zeigten einen 

signifikanten S-Phasenarrest in allen genutzten PC-Zelllinien. EGCG verursachte weiterhin 

eine signifikante Anzahl apoptotischer Zellen in humanen PC-346C und LNCaP Zellen.  

Aufgrund dieser Datenlage injizierten wir orthotopisch immundefizienten Nacktmäusen 

humane PC-346C und PC-3 Zellen und behandelten sie über 6 Wochen mit grünem Tee. 

Vorläufige Daten zeigten eine signifikante Reduzierung des Tumorgewichts nach 6 Wochen. 

Eine Kombinationsbehandlung von grünem Tee mit Casodex® führte ebenfalls zu einer 

deutliche Reduzierung der absoluten PC-346C Tumorgewichte. Zusammengefasst zeigen 

unsere Daten, dass EGCG beziehungsweise grüner Tee das Wachstum von PC-Zellen 

signifikant über u.a. Apoptose in LNCaP, PC-346C und PC-3 Zellen in vitro als auch in vivo 

dosis- und zeitabhängig hemmt. Für Quercetin konnten weitestgehend ähnliche Daten 

erhoben werden. Trotz der chemischen Relation von Rutin im Vergleich zu Quercetin und 

EGCG, zeigte Rutin keinerlei die Proliferation von PC-Zellen hemmende Eigenschaften. 

Unsere Untersuchungen könnten das Potential von Nahrungsinhaltsstoffen oder auch 

Xenoöstrogenen in Bezug auf Prostatakrebs Prävention und/oder gar Behandlung in Zukunft 

deutlicher aufzeigen. 
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Introduction 

   Interaction between Dietary and Natural Products with Conventional    

   Therapy for Prostate Cancer 

Prostate cancer now is the second most commonly diagnosed male cancer in many western 

countries after lung cancer [1]. The major risk factors for prostate cancer include age and 

race, and the consumption of a high fat diet. Epidemiological studies have identified several 

additional components of the diet that appear to be protective, including consumption of green 

tea [2], which appear to exert its effect through its action as an antioxidant.  

The main cause of death from prostate cancer is the invasion and metastasis of prostate 

cancer to the bone, liver and brain. However, for many men the disease will remain localized 

and slow growing, and extensive PSA screening programs have lead to the increased 

identification of early stage tumors in younger men. Approximately 70% of these tumors are 

indolent and will not need treatment during the patients life time [3]. Unfortunately at present 

there is no way to distinguish between aggressive, clinically significant tumors that need to be 

treated and indolent tumors. As a result, many patients are treated more aggressively than is 

necessary. In the case of most patients, anti-androgen therapy will be the first choice. 

While the mechanism of anti-androgens such as Flutamide® and Casodex® have been studied 

extensively, particularly as it relates to the treatment of advanced disease, the ramifications of 

long term use for organ confined disease or chemoprevention and the effects of diet on the 

effectiveness of the drug have not been investigated. Anti-androgens induce prostate tumor 

regression by initiating cell death, or apoptosis [4]. In vitro, anti-androgens induce apoptosis in 

most androgen-dependent epithelial cells, however a small population fail to die and become 

resistant to anti-androgen therapy. This phenomenon is reflected in the clinic, where 

resistance to anti-androgens eventually develops in nearly all patients. The mechanisms 

underlying this progression of prostate cancer, and the influence of diet on this process have 

not been investigated. 

   Bisphenol A (BPA) 

Is BPA an anti-androgen or androgen?  

We were interested to ask this question, since the endocrine profile of BPA may lead to the 

development of a new therapeutic for PC. On the other hand, it is also important to evaluate 

the hormonal properties of BPA, it may exert its potential toxicity or endocrine disturbance in 

human beings and wildlife, although the level of exposure to this xenobiotics may be, if any, 

very low.   
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Recent in vitro studies demonstrate, in fact, that xenobiotics can bind with estrogen receptors 

and activate them, resulting in gene expression [5-7]. BPA slightly induced MCF-7 cell 

proliferation at a level of 0.1μM and maximum proliferation at 10μM [7]. Also in in vivo studies, 

BPA showed estrogenic activity. Plasma free testosterone levels were dramatically decreased 

following eight weeks of BPA treatment [8]. It was claimed by vom Saal that, the exposure of 

pregnant mice to extremely low concentrations of certain xenobiotics, for instance, results in 

offspring with lower sperm production, increased prostate size or alters maternal behaviour, 

postnatal growth rate and reproductive function in female mice [9-12]. Other work groups, in 

contrast, found an uterotrophic response (increase in uterine wet weight) at doses up to 100 

mg/kg BPA for 3 days [13-15]. 

Also Gupta [16] claimed an enhancement of the anogenital distance and the prostate size of 

fetuses, when pregnant CD-1 mice were treated with BPA in the microgram range per kg 

BW/day. BPA induces inappropriate androgen receptor activation and mitogenesis in prostatic 

adenocarcinoma cells (LNCaP). Takao reported a significant decrease in plasma free 

testosterone levels at 50μg BPA / ml in drinking water (14mg/kg BW/day). No significant effect 

(although a trend in the same direction) was observed neither after 4 weeks of exposure nor 

after 4 and 8 weeks exposure to 5μg of BPA / ml drinking water (0,14mg/kg BW/day) [8]. 

In addition, Kim et al. did not detect any androgenic or anti-androgenic activities of BPA in 

Hershberger Assay [17]: the BPA doses used were 10 - 1000mg/kg BW/day. 

Evaluation of (anti-)androgen like effects of xenoestrogens in regard to usually androgen-

dependent early prostate cancer growth and progression using standard Hershberger Assay 

with new immunohistochemical and morphometric methods. Additional parameters such as 

morphometric and qualitative data are required to determine the (anti-)androgenicity of a given 

substance, in particular if the expected effects are of lower degree (xenoestrogens like BPA). 

The present study was carried out to clarify the (anti-)androgenic potential of BPA in a broad 

dose range from “ultralow”, “pharmacological” to “suprapharmacological” in rats using the 

standard Hershberger Assay with additionally androgen sensitive parameters. 

         Bisphenol A (BPA)
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Dietary Modifiers of Prostate Cancer 

                           

In the last ten years a number of well designed epidemiological studies have shown that 

consumption of green tea [2], tomato products [18,19] and soy [20] may be associated with a 

lower risk of prostate cancer. The beneficial effects of these diets have been attributed to the 

polyphenols, particularly (-)epigallocatechin-3-gallate (EGCG), in green tea [2,21,22], the 

isoflavones (genistein, daidzein and biochanin A) in soy; and the carotenoids (lycopene) in 

cooked tomato products [23]. 

Green tea, the dietary component contains a number of polyphenols which have been tested 

alone and in combination in a variety of in vitro model systems of prostate cancer. The most 

active ingredient is EGCG, which induces cell cycle arrest and apoptosis in vitro in several of 

the commonly used human prostate cancer cell lines, including PC-346C, LNCaP, PC-3 and 

DU-145 cells [24,25]. The mechanism of action of EGCG is still under active investigation, and 

several different mechanisms have been proposed including the inhibition of 5α-reductase 

[26,27] and down-regulation of the androgen-receptor AR [28], both of which have the 

potential to limit the androgen mediated stimulation of tumor growth. In addition administration 

of EGCG also it is clear that as well as the modulation of ornithine decarboxylase [21] and 

anti-oxidant enzymes such as catalase, manganese superoxide dismutase, glutathione 

peroxidase and glutathione-S-transferase [29,30]. In vitro analysis has shown that in PC-

346C, LNCaP, PC-3 and DU-145 cells treatment with purified EGCG or genistein modulates 

cell cycle arrest through the upregulation of p21/WAF-1 and p27/KIP-1 and their increased 

binding to CDK4 and CDK2, cyclin D1 and cyclin E a process that induces G0/G1 cell cycle 

arrest and apoptotic cell death [24,31], possibly through the suppression of Erb B1-Shc-

ERK1/2 signaling [32]. In addition the expression of a number of other genes including the 
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apoptosis inhibitor, surviving, DNA topoisomerase II, CDC6 and mitogen-activated protein 

kinase is downregulated [30]. Furthermore the ability of EGCG to induce these effects 

appears to be independent of the androgen receptor or p53 status of the cells [24]. Similar 

findings have been reported for genistein and other soy isoflavones, suggesting that there 

may be a common pathway that modulates the effects of diverse anti-oxidants in prostate 

tumors [33]. 

While there have been a limited number of animal studies examining the efficacy of green tea 

as a chemopreventive agent for prostate cancer, it has been demonstrated that oral infusion 

of green tea polyphenols resulted in a significant delay in primary tumor incidence and tumor 

burden in TRAMP mice [34], and our own results suggest that consumption of green tea 

significantly decreases the incidence and progression of urogenital tumors in the LOBUND-

Wistar model system. Whether this decrease is mediated by the changes intracellular 

signaling outlined above, or due to the effects of green teas on peripheral tissues has not 

been fully evaluated. There is considerable evidence that green tea or its constituents have 

significant effects on several important peripheral tissues. It has been shown that 

administration of EGCG induces increases in LH and testosterone levels in rats treated for 8 

weeks [35], and alters testosterone, IGF-1 and food intake in nude mice [36]. These changes 

in the endocrine status induced by parenteral administration of EGCG may have profound 

impact on the growth inhibition and regression of human prostate. In addition EGCG has been 

shown to induce several hepatic P450 enzymes including P450 1A1, 1A2 and 2B1 as well as 

glucuronosyl transferase [37]. These enzymes are involved in the metabolic clearance of 

steroids such as 3α- and 3β-androstanediol, the major catabolic intermediates of 5α-DHT as 

well as anti-androgens such as Casodex®. Thus not only does green tea have the potential to 

decrease serum testosterone levels, but it may lead to more rapid metabolism and conjugation 

of the anti-androgen, resulting in a substantially lower effective dose of Casodex®. 

   Interactions Between Standard Therapies and Dietary Modifiers 

The dramatic increase in the number of men being diagnosed with early stage prostate 

cancer, and with the increased popularity of dietary supplements it is entirely likely that many 

men being treated with standard therapies will also be taking unregulated dietary supplements 

which alter the cell biology of prostate cancer cells and may influence the clinical course of the 

disease and response to therapy. While the studies outlined above and in the preliminary data 

suggest that green tea, lycopene and other dietary supplements may delay the initiation of 

prostate cancer no studies have been performed to study the effects of these compounds on 

tumor progression or to establish whether they interact with standard interventions for early 

stage prostate cancer (either radiation or hormone therapy). These questions could have 

considerable clinical implications since many men are self medicating with over the counter 
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formulations of green tea and green tea extracts, lycopene (in the form of One-a-Day Vitamins 

plus lycopene), saw palmetto (for general prostate health), as well as more controversial 

formulations such as PC-SPES. 

 

 

   Animal Model Systems 

The investigation of androgen action in vivo has relied on two complimentary approaches: 

autochthonous model systems and xenografts of human prostate tumors into 

immunocompromised mice. There are strengths and weaknesses to both systems that are 

briefly outlined below (Results and Discussion). Autochthonous models offer the major 

advantage that they can be used to study the initiation of prostatic disease, while xenograft 

models are most useful for studies related to tumor progression, but have the added 

advantage that the observations are made in human, rather than rodent tissues thus obviating 

the problems associated with species specific responses. 

Quercitin 

O

HO O

OH

(S)

O

(R)

O

OH

OH

HO

OH
HO

HO

O

O

HO
OH

(E)

Rutin 
O

OH

OH

OH

OHO

HO

(E)

OH2

OH2

Quercetin 



Aim of the Study 

12 

Aim of the Study 

The aim of this study was to evaluate (anti-)androgen like effects of the xenoestrogen BPA   

using standard Hershberger Assay with new immunohistochemical and morphometric 

methods. Additional parameters such as morphometric and qualitative data are required to 

determine the (anti-)androgenicity of a given substance, in particular if the expected effects 

are of lower degree (xenoestrogens like bisphenol A) and phytoestrogens and dietary 

compounds like green tea, EGCG, quercetin and rutin in regard to usually androgen-

dependent EPC growth and progression. The major outcomes of these studies will be an 

estimation of the impact of xeno- and phytoestrogens on the growth and progression of 

human prostate cancer and prostate tumor sensitivity to the anti-androgens Flutamide® and 

Casodex®. These studies will determine whether these compounds interfere with the effects of 

the mentioned anti-androgens in the initiation of apoptosis in androgen sensitive prostate 

cancer cells, either by altering the redox potential in the cancer cells or by altering the 

metabolism of Flutamide® and Casodex® in peripheral tissues. 
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Hershberger Assay
- measures (anti-)androgenic effects of test chemicals on 

accessory glands by means of organ weight measurements

d0

d7

d15

Orchiectomy of male infantile rats

Start of treatment

Sacrifice and harvest blood / organs

Daily application of test compound over 7 days p.o.

Hershberger et al. (1953) Proc Soc Exp Biol Med

Material and Methods 

3.1 Animals and housing 

Wistar rats, weighing about 150g were separated into different groups by randomized 

procedure. They received tap water and laboratory standard rat diet ad libitum.  Groups of two 

to four animals were kept in Makrolon cages type IV with bedding at 22°C, a relative humidity 

of 30-70% and artificial 24h light. After acclimatization, animals were orchiectomized [Nishino 

et al. Annals of Anatomy 2004]. 

3.2 Treatment of animals 

    Hershberger Assay 

The rodent Hershberger Assay using castrated peripubertal male rats measures the androgenic or anti-androgenic effects of test 

chemicals on several accessory glands/tissues (e.g. ventral and dorso-lateral prostate and seminal vesicles with coagulating 

glands) by means of organ weight measurements [38]. Generally, accessory sex glands and tissues are dependent upon 

androgen stimulation to gain and maintain weight during or after puberty. If endogenous testicular sources of androgens are 

necessary to increase or maintain the weights of these tissues [17,39-40]. All anabolic / (anti-)androgenic compounds (drugs) in 

clinical use have been screened by means of this in vivo 

bioassay [41,42]. This assay is one of the assays in the 

proposed Tier I screening battery by EDSTAC (Endocrine 

Disruptor Screening and Testing Advisory Committee). Tier 

I sites are those that have greater potential to require long-

term or emergency cleanup work under the Federal 

Superfund program. These are sites which have a release 

of a hazardous substance, pollutant or contaminant that has 

caused, or is likely to cause exposure to humans or 

contamination of a sensitive environment. They typically 

involve contamination of drinking water, surface water, air 

or soils which have either caused or are likely to cause 

exposure to nearby populations, or have contaminated, or 

are likely to contaminate sensitive environments such as for example wetlands, national parks and habitats of endangered 

species [43]. 

However, the measurements of body and organ weight deliver only a limited amount of information, especially if this assay will be 

used to carry out a more subtle assessment of the androgenic properties of an unknown substance. Additional parameters such 

as morphometric and qualitative data are therefore required to determine the androgenicity of a given substance, in particular if 

the effects are of low degree.Seven days after orchiectomy, animals were partitioned into three groups (n=13 in each group). Two 

groups were orchiectomized. One group was treated subcutaneously with testosterone propionate (TP) in arachis oil for seven 

days and compared to vehicle treated, orchiectomized rats without TP substitution (OX) and to a vehicle treated intact control 

group (intact). After the treatment animals were sacrificed by decapitation. Seminal vesicles and prostates were harvested 

surgically, weighed and immediately fixed in 4% neutral buffered paraformaldehyde [Nishino et al. Annals of Anatomy 2004]. 

Seven days after orchiectomy animals were partitioned into eight groups (n=13 in each 

group). They were treated p.o. with 3, 50, 200 and 500mg BPA/kg BW/day dissolved in 

propylene glycol for 7 days. BPA was purchased from Fa. Bayer (PtNr. 97.001/Prod.Nr. 

04111095, CasNr. 80-05, Leverkusen, Germany). Another group of orchiectomized animals 
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were treated s.c. with TP 1mg/kg BW/day in arachis oil. FL 3mg/kg BW/day p.o. in 

combination with 500mg BPA was used to antagonize possible androgen like effects of the 

“suprapharmacological” dose of BPA. These groups were compared to vehicle (propylene 

glycol) treated, orchiectomized rats without any other substitution (OX) and to vehicle treated 

intact control group (intact). Propylene glycol was purchased from Merck, Darmstadt, 

Germany. TP and FL were kindly provided by Schering AG, Berlin, Germany. After the 

treatment animals were sacrificed by decapitation and seminal vesicles and prostates were 

harvested surgically, weighed and immediately fixed in 4% neutral buffered paraformaldehyde 

for 24h [Nishino et al. Journal of Steroid Biochemistry & Molecular Biology 2006]. 

3.3 Immunohistochemistry 

After fixation the specimens (prostate, seminal vesicle) were dehydrated in ascending series 

of alcohol, embedded in paraffin and cut in sections of 5μm thickness (10 sections per 

specimen). For the immunohistochemical visualization of androgen receptor and proliferation 

markers the following primary antibodies were applied: anti-androgen-receptor (1:100, sc-815, 

rabbit polyclonal, Santa Cruz Biotechnology, California, USA), anti-androgen receptor (1:100, 

554224, mouse monoclonal, BD PharMingen, Germany), anti-PCNA (1:200, PC-10, mouse 

monoclonal, Novocastra, New Castle, United Kingdom) and anti-MIB-5 (1:100, M 7248 mouse 

monoclonal, DakoCytomation, Denmark). 

After deparaffinization in xylene and descending series of alcohol the sections were treated in 

0.3% hydrogen peroxide in distilled water to quench endogenous peroxidase activity, rinsed 2 

times in 0.01M phosphate buffered saline (PBS) containing 0.1% Triton X-100 (PBS-TX), 

incubated for 10 minutes in 10% normal goat serum (NGS) in PBS-TX to block non-specific 

antigen-binding sites, incubated with the above mentioned primary antibodies diluted in PBS 

containing 1% NGS overnight, rinsed in PBS, incubated with biotinylated secondary 

antibodies (1:200, Dako, Denmark) for 1h, rinsed in PBS and incubated with StreptAvidin-

Biotin (SAB)-Complex (Biocare, Medical, USA) conjugated to horseradish peroxidase for 1h. 

Peroxidase activity was revealed with the chromogen 3-amino-9-ethyl-carbazole (AEC, 

Zymed, USA) for 2 minutes. Sections stained with proliferation markers were counterstained 

with Mayer’s hematoxylin for 10 minutes. Omission of primary antibodies resulted in the 

absence of a specific labeling. 
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3.4 Morphometry and Densitometry 

Intensity of immunohistochemical staining was determined densitometrically, while epithelial 

height and luminal area of the glandular ducts were measured morphometrically. Microscopy 

was performed with an Axiophot light microscope equipped with a high resolution scanner 

camera.  

All images have a uniform size of 1300x1030 pixel. Since the images were generated by using 

a 20x objective and 1.0 Optovar the final resolution of the edge lengths of one pixel in the 

resulting image is 0.32μm. This resolution was adequate for deciding which profile of 

glandular ductus in the field of vision is suitable for densitometric measurements. By using 

densitometry, gray values were transformed pixel by pixel into optical densities [44], followed 

by calculation of the sum, mean and standard deviation. Densitometry was performed in gray 

level images with a dynamic range of 256 intensities. Each pixel had a value between 0 and 

255, where 0 is darkest (black) and 255 is lightest (white) [Nishino et al. Annals of Anatomy 

2004]. 

The glandular duct to be measured was centered into the optical field at the resolution 

mentioned above. After focusing and adaption of light intensity (3200K) the section was 

removed and a white image (w) was generated iteratively. The adaption of light intensity was 

carried out by the following procedure. Firstly the illumination was adjusted, so that the objects 

of interest could be clearly identified. Thereafter, an image without any histologic object was 

grabbed and the mean pixel intensity was calculated. If the mean pixel intensity differed much 

from the pixel intensity obtained from preceding measurements, the light intensity was 

adapted until the mean pixel intensity adapted similar values to those in the previous 

measurements. The mean gray value of the white image was determined for each section in 

order to obtain the same illumination condition within each specimen examined. After white 

image calibration the glandular duct of interest was grabbed and its immunoreactive 

epithelium was surrounded interactively. Within this defined epithelial area the mean optical 

density (OD) and the variance of OD were determined. Five measurements were performed  

within each section. Five sections were examined per animal resulting in 25 measurements for 

each animal. The mean values were calculated and compared between the different groups. 

The epithelial height was determined by using a 40x objective and 1.0 Optovar. For the 

determination of the luminal area a 10x objective and 1.0 Optovar were used. The quantitative 

assessment of proliferating cells was performed using a 40x objective and 1.0 Optovar. We 

have counted 1000 of those cells per section exhibiting nuclei. A two-sided t-test at a 

significance level of p<0.05 was applied for statistical comparison. Data were depicted as 

means ± standard deviation (SD). 
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Standard Operating Procedures for Handling Nude Mice 

Purpose 

Nude and other immunocompromised mice are at greater risk than conventional mice for the 

development of infectious disease. Frequently, infectious pathogens are transferred to nude 

mice by contaminated equipment or exposure to contaminated environments. The procedures 

described here are implemented to minimize the risk of infectious disease to nude mice: 

General Procedure 

All equipment and caging is autoclaved prior to using with nude mice. The night prior to 

manipulating the mice under the laminar flow hood, the hood is sprayed with 70% ethanol with 

the blower on overnight. After each use, the hood is disinfected with Sani-plex 128 spray and 

again sprayed with the 70% ethanol. The hood blower is left on at all times when mice are 

present. The light is turned off when the hood is not in use. All individuals handling the nude 

mice must wear a steam sterilized gown, hair bonnet, and sterile gloves. Two individuals are 

present during the handling of the mice, one that is designated as the animal handler and 

maintains sterility, while the other handles the non-sterile items and opens the sterile materials 

for the handler. All individuals present when the mice are handled must minimally wear a 

bonnet and mask. Any persons reaching into the hood must wear a clean gown or smock and 

gloves to prevent contamination of the sterile interior. Aseptic technique should be used at all 

times when handling the nude mice. Any objects or surfaces that will come in contact with the 

mice should have been sterilized by steam, UV radiation, or contact with 70% ethanol for at 

least 30 minutes. 

Unpacking Newly Arrived Mice 

Shipping containers are sprayed with a choline dioxide solution before they are placed in the 

hood. The designated animal handler opens the sterile food and water under the hood. The 

non-sterile person opens the cage and shipping box under the hood. Care must be taken by 

the non-sterile person to avoid contact with the inner surfaces of the hood and the inside of 

the shipping box. The animal handler then adds food and water to the cage top and removes 

the mice from the shipping box and places them in the cage. Unused water bottles are 

resealed in the container and will be stored in the room for future use. Mice will undergo a two 

week acclimation period prior to experimental use. 

    Cage changing 

The designated animal handler should re-glove after every 6 – 10 cages or if gloves are torn 

or contaminated or if a cage has ill animals. Any cages with animals appearing sick will be 

placed at the end of the cage changing order to avoid possible exposure of healthy animals to 
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pathogens or contaminants. The mouse cages are changed at least once weekly or more 

often, if deemed necessary. If food and or water needs to be added between the scheduled 

cage change, it must be done aseptically under the prepared hood. 

   Routine Inspection of the Mice 

All animals will be checked daily, including on the weekends and holidays. Examine the mice 

by viewing them through the cage. The micro-isolator top should not be opened. NEVER open 

the top outside the sterile hood. 

                     

3.5 Experimental Design: Green Tea and Prostate Cancer 

          [Published by oral and poster presentations] 

 

   The overall goal of this specific aim is to examine the effects of green tea on the growth        

   of human PC-346C and PC-3 orthotopic tumors in nude mice and to determine whether  

   green tea influences the effects of Casodex® administration on the tumor growth,   

   progression and metastasis in this model system. 

   After acclimatization 100 three week old male weanling nude mice will be randomly assigned to  

   four arms. Three arms will be placed on PC-346C, PC-346C/Casodex® and PC-3 tumors. The  

   fourth arm provide positive control group for each tumor type in which tumors are known to  

   grow rapidly. The animals will be maintained on their respective diet for the duration of the  

   experiment, and will have access to water in the control groups ad libitum.  

   These animals will be implanted with 12.5mg/90days sustained release testosterone pellets  

   (custom made by Innovative Research, Sarasota) designed to maintain a constant level of   
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   testosterone (4-6ng/mL) in the blood of the nude mice. This stabilization of serum testosterone   

   is necessary due to the substantial variation of endogenous testosterone levels in nu/nu mice  

   [45]. One week later, 2 x 105 PC-346C and PC-3 cells suspended in growth  

   factor replete Matrigel™, will be injected orthotopically into the prostate. Three weeks later all  

   animals will be implanted with Casodex® (50mg/90day) pellets. Tumor growth will be monitored  

   weekly by palpation. 

When mixed with growth factor replete Matrigel™ and 

injected into the prostates of testosterone-implanted male 

NCR nu/nu, immuno-compromised mice (panels A and B) 

PC-346C cells form large, well vascularized, orthotopic 

tumors (panel C), which reach between 1.2 and 1.5 

grams after 5 weeks. This growth reflects a combination 

of a high rate of proliferation (as measured by 

bromodeoxyuridine (BrdU) incorporation-panel G) and a 

low rate of apoptosis (as measured by TUNEL staining-

panel I). These orthotopic tumors are sensitive to 

Casodex® administered by implantation of 50mg, 90day 

slow release pellets (custom-made by Innovative 

Research, Sarasota), starting two weeks after injection of 

the cells. This treatment results in substantial shrinkage 

of the primary tumor (panel D), and considerable loss of 

tumor vasculature (panel F). In addition, Casodex® 

induced a considerable decrease in the rate of 

proliferation (panel H) and a large increase in the rate of apoptosis (panel J). Data 

demonstrate that the 50mg, 90-day slow release pellets induce approximately 50% reduction 

of tumor volume during the short three-week course of treatment. These implants produces a 

serum level of Casodex® of 8.9±3.5μg/mL, a level that is very similar to that achieved in men 

receiving 150mg Casodex® per day as a first line treatment for localized prostate cancer. It is 

important to note that although the tumor weight does decrease there is also a clear decrease 

in the cellularity of the tumor after treatment with Casodex®  which indicates that dead cells are 

not being cleared rapidly by macrophages in nude mice. This would suggest that the decrease 

in tumor weight may provide an under estimate of the effectiveness of Casodex®. 

We will use this orthotopic xenograft model to investigate the effect of green tea consumption 

on the growth and progression of early stage prostate cancer and to examine the interactions 

between these nutrients and anti-androgen therapy. 

   One week later green tea treatment was started. The animals in the treatment groups had   
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   access to green tea ad libitum. The green tea was prepared fresh every other day to ensure    

   that there was no degradation of the polyphenols with time [46], by adding 0.6%   

   (w/v) dehydrated green tea powder to deionized water and heating to 55°C, a procedure that   

   does not degrade the polyphenols present in the tea [47]. The green tea was  

   provided by Thomas J. Lipton Inc. (Englewood Cliffs NJ) and contained 4.5% EC, 7.2% EGC,  

   5.3% ECG, and 10.6% EGCG (% dry weight) as the major polyphenols and had a caffeine  

   content of 0.2%. After six weeks all animals were sacrificed and the urogenital complex  

   including tumors was removed in toto. Tumors were weighed separately. 
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3.6 Cell Culture Methods and Human Cancer Cell Lines 

          [Published by oral and poster presentations] 

 

LNCaP and PC-3 human prostate cancer cells, obtained from American Type Culture 

Collection (Rockville, MD), were cultured in RPMI-1640 (Life Technologies, Gaithersburg, MD) 

and Ham’s F12K (Sigma, St. Louis, MO) respectively, with 10% Fetal Bovine Serum (Atlas, 

Fort Collins, CO).  DU-145 prostate cancer cells were cultured in Minimum essential medium 

(Eagle) with 2mM L-glutamine and Earle’s BSS adjusted to contain 1.5g/L sodium 

bicarbonate, 0.1mM non-essential amino acids, and 1.0mM sodium pyruvate, 90%; fetal 

bovine serum, 10%. Another human prostate cancer cell line PC-346C used for in vitro and in 

vivo experiments were cultured in DMEM/F12 media containing 2% charcoal stripped serum 

(Atlas Biologicals, Fort Collins, CO), 0.1mg/mL BSA, 20ng/mL EGF, 1% ITS-G, 10nM 

testosterone, 1.4μM hydrocortisone, 1nM T3, 0.1mM phosphoethanolamine, 50ng/mL 

choleratoxin, and 20μg/mL fetuin.  

 

All cell lines were routinely passaged every 3-4 days.   

   Crystal Violet Growth Assay 

For growth assays, cancer cells were plated at a density of 2 x 104 cells/well in 24 well plates. 

Treatments with EGCG, quercetin and rutin (Sigma, St. Louis, MO), or DMSO/Ethanol vehicle 

(as a time matched negative control) were initiated 24h after plating. After 2-96h of treatment, 

Crystal Violet growth assays were performed according to manufacturer’s directions (Fisher 

Scientific, Pittsburgh, PA).  
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3.7 FACS Analysis 

Cells were seeded in T-150 flasks at a density of 5 x 106 cells/flask, and 24h after plating were 

treated for a period of another 24h. Cells were stained with 5μg/ml propidium iodide (PI), 

(Sigma) containing RNAse (Roche Diagnostics) for 30 minutes. At least 10.000 cells per 

treatment were analyzed on a Coulter Epics XL cytometer (Coulter, Miami, FL) and cell cycle 

modeling was performed using Multiplus AV software (Phoenix Flow Systems).  

Apoptosis was measured by flow cytometry by terminal-transferase mediated labeling of DNA 

strand breaks. Cells were fixed in 2% formaldehyde, washed twice in PBS/0.2% BSA, and 

permeabilized with 70% Ethanol at -20°C for at least 1h. DNA strand breaks were labeled with 

bromodeoxyuridine by terminal transferase (Roche Diagnostics) and detected using the APO-

BrdU detection kit according to manufacturer’s directions (Phoenix Flow Systems, San Diego, 

CA). Cells were counterstained with PI, and at least 10.000 cells were analyzed and modeled 

utilizing Multiplus AV software (Phoenix Flow Systems).  

   Statistical Analysis 

Data are expressed  as the Mean ± standard error (SE). One way analysis of variance 

(ANOVA) was used to assess statistical significance between means. Difference between 

means were considered significant when p<0.001 using the Bonferroni post-test. All statistical 

analyses were performed with the GraphPad Instat software (Intuitive Software for Science, 

San Diego, CA).  
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Results and Discussion 

4.1 Modified Hershberger Assay                            

            [Nishino et al. Annals of Anatomy 2004]  
              [Nishino et al. Journal of Steroid Biochemistry & Molecular Biology 2006] 

Although the Hershberger Assay is a valid quantitative method for evaluating androgenic or 

anti-androgenic properties of substances by measuring the organ weight of prostates and 

seminal vesicles, the findings obtained by this assay provide only limited information on the 

specifity of the observed effects when only the reactions of the organ weights are judged: For 

example, the growth of seminal vesicles can be stimulated not only by androgens but also by 

estrogenic substances, well known as a paradoxical effect of estrogens [48-50]. Morphologic 

and functional analysis of cellular parameters in male accessory organs may allow a more 

subtle and reliable assessment of the (anti-)androgenicity of substances; in previous studies 

we analyzed the regulation of tenascin expression [51]. Since the amount of nuclear AR 

present in the rat prostate has been demonstrated to be influenced by androgens [52,53], a 

densitometric analysis of AR-imunoreactive cells in prostate and seminal vesicles was 

performed by using immunohistochemical methods [54,55]. 

Measurement of the body weight yielded no significant differences between the intact group, 

OX group and TP group. However, examination of wet weights (absolute and relative) of 

prostates and seminal vesicles showed that orchiectomy in the OX group induced a significant 

decrease in organ wet weights in comparison to the intact group, which was nearly reversed 

by an administration of a pharmacological dose of TP in the TP group.  
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4.1.1 Densitometric Measurements 

It has been previously described that the concentrations of biochemically active substances 

can be estimated from the optical density of the immunoreactive signal [56,57]. The 

advantages of a computer-assisted densitometry are a faster scoring procedure of sections 

from large series and a higher reliability. However, the disadvantage of a semiquantitative 

approach is the possibility that relevant signals can easily be missed, so that comparative 

studies should be based on rather robust signals [58]. Using the monoclonal antibody 

(androgen receptor, AR) the staining intensity of AR in the prostates revealed the following 

optical density values: 104±20 (intact), 56±17 (OX), and 77±22 (TP). Statistical analysis 

confirmed that the intensity of staining was significantly higher in both the intact and TP group 

compared to the OX group.  

The data provide evidence that orchiectomy results in a reduced staining intensity of AR, 

whereas substitution with TP enhances the immunoreactive signal of AR.  
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4.1.2 Cell Proliferation 

In order to further characterize androgenic effects two proliferation markers were used in this 

study. The proliferation associated antigen Ki-67 (MIB-5) and proliferating cell nuclear antigen 

(PCNA) have been used as proliferation and prognostic markers in a large number of studies, 

in particular in malignancies [59,60]. PCNA is a highly conserved 36kDa acidic nuclear protein 

that is expressed during cell replication and DNA repair [61,62]. PCNA interacts with DNA-

polymerase delta and with RF-C protein to bind at DNA primer-template junctions. 

Immunostaining of S-phase nuclei will detect PCNA in sites of DNA synthesis. Ki-67 antigen is 

expressed during the G1, S, G2 and M-phases of the cell cycle, but is not expressed during the 

G0 (resting)-phase. Because Ki-67 antigen has a short half-life, it can be used as a marker of 

actively proliferating cells [63,64]. Endothelial cell proliferation in male reproductive organs of 

adult rat is high and regulated by testicular factors. In the epididymis, the ventral and dorso-

lateral prostate lobes, and the seminal vesicles, endothelial cell proliferation decreased after 

testosterone withdrawal and increased following testosterone treatment [65]. 

The assessment of cell proliferation markers yielded the following data in the rat prostate: The 

percentage of immunoreactive epithelial cells for MIB-5 was 85±9% in the intact group, 9±1% 

in the OX group and 90±2% in the TP group. The percentage of immunoreactive epithelial 

cells for MIB-5 in the OX-group was significantly reduced compared to the intact and TP 

group. Similar results were obtained for the relative amount of cells immunoreactive for PCNA 

(not shown). Thus, whereas orchiectomy caused a considerable decrease in cell proliferation, 

administration of TP could reverse this effect and induced a cell proliferation index similar to 

the intact group.  
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4.2 Androgenic Potential of Bisphenol A 

In contrast to TP, BPA induced no effects on absolute weights of prostate and seminal vesicle. 

BPA at high doses of 200 and 500mg/kg BW/day caused a decrease in body weights and a 

significant increase in relative weights of prostate and seminal vesicle. A simultaneous 

administration of flutamide FL had no further effect in BPA treated animals. Animals treated 

with 200, 500 and 500+FL mg/kg BW/day BPA showed severe signs of gastro-intestinal 

toxicity. 
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4.2.1 Densitometric Analysis 

Using the anti-androgen receptor monoclonal antibody (1:100, 554224, mouse monoclonal, 

Novocastra, New Castle, United Kingdom) the staining intensity of AR in the prostates 

revealed the following optical density values: 104±20 (Intact), 56±17 (OX), 77±22 (TP), 99±7 

(BPA 3), 103±23 (BPA 50), 78±16 (BPA 200), 49±23 (BPA 500) and 36±6 (BPA 500+FL). 

Statistical analysis confirmed that the intensity of staining was significantly higher in both the 

intact and TP group compared to the OX group. Thus, the data obtained provide evidence that 

orchiectomy results in a reduced staining intensity of AR, whereas substitution with TP 

enhances the immunoreactive signal of AR. The intensity of staining was significantly 

increased in prostate after treatment with lower doses of BPA (3 and 50mg/kg BW/day). At 

500mg/kg BW/day staining intensity was similar to the castrated control, but the combination 

of BPA (500mg/kg BW/day) with FL significantly reduced the staining intensity.  
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4.2.2 Cell Proliferation 

The assessment of cell proliferation markers yielded the following data in rat prostates: The 

percentage of immunoreactive epithelial cells for MIB-5 was 85±9% in the intact group, 9±1% 

in the OX group and 90± 2% in the TP group. BPA treated groups displayed: 10±1% (BPA 3), 
8±1% (BPA 50), 2% (BPA 200), 1% (BPA 500) and 1% (BPA 500+FL). The percentage of 

immunoreactive epithelial cells for MIB-5 in the OX group was significantly reduced compared 

to the intact and TP group. Similar results were obtained for the relative amount of cells 

immunoreactive for PCNA (not shown). Whereas orchiectomy caused a considerable 

decrease of cell proliferation, administration of TP could reverse this effect and induced a cell 

proliferation index similar to the intact group. The assessment of both proliferation markers 

revealed that BPA showed at all doses tested no stimulation of proliferating activity in prostate. 
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There were no significant changes in body 

weight over six weeks. Overall average 

green tea consumption was around 

8mL/animal/day. Preliminary data showed 

a significant reduction of PC-346C and PC-

3 tumor weights after 6 weeks. A 

combination treatment with green tea and 

Casodex® in PC-346C tumors also led to a 

significant reduction of androgen-dependent PC-346C tumors. There is a 50% reduction in the 

incidence of primary tumors in mice consuming green tea when compared to an age-matched 

cohort receiving tap water. These data 

demonstrate that long term consumption of 

green tea in this model system has a 

substantial effect on the incidence of 

autochthonous tumor formation. There were 

almost no metastatic sites in livers and lungs 

visible in green tea treated animals, whereas 

positive control groups with metastatic sites 

were the rule after six weeks. Green tea decreases the incidence of tumors without 

substantially altering the site of tumor formation.  
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4.4 Effects of Dietary and Natural Products on human Prostate Cancer Cell 

Lines 

         [Published by oral and poster presentations] 

 

      EGCG (50μg) inhibited cell proliferation (CV Assay) significantly after 24h of LNCaP, PC-

346C, PC-3, DU-145 (not shown) cancer cell lines. Similar data could be observed for 

quercetin (not shown) using above mentioned cell lines. In spite of chemical relation to 

EGCG and quercetin, rutin (not shown) showed no effects on cancer cell lines.  

       

PCPC--346C346C (H3C)2N C

N(CH3)2

N+(CH3)2Cl-

Crystal Violet Assay

Derived from a localized Derived from a localized prostaticprostatic adenocarcinomaadenocarcinoma excised from a excised from a 
patient who had received no prior therapy for his diseasepatient who had received no prior therapy for his disease.

Androgen-dependent

wild-type AR

van van WeerdenWeerden et  al.., Am. J. Path. 149: 1055et  al.., Am. J. Path. 149: 1055--1062 (1996)1062 (1996)
(Department of Urology, Erasmus University in Rotterdam).(Department of Urology, Erasmus University in Rotterdam).

2 4 6 12 18 24 36
0.0

0.1

0.2

0.3

0.4
Control (EtOH)

Hours

A
vg

. O
pt

ic
al

 D
en

si
ty

2 4 6 12 18 24 36
0.0

0.1

0.2

0.3

0.4

EGCG-10μM

Hours

A
vg

. O
pt

ic
al

 D
en

si
ty

2 4 6 12 18 24 36
0.0

0.1

0.2

0.3

0.4

EGCG-25μM

Hours

A
vg

. O
pt

ic
al

 D
en

si
ty

2 4 6 12 18 24 36
0.0

0.1

0.2

0.3

0.4

EGCG-30μM

Hours

A
vg

. O
pt

ic
al

 D
en

si
ty

2 4 6 12 18 24 36
0.0

0.1

0.2

0.3

0.4

EGCG-40μM

Hours

A
vg

. O
pt

ic
al

 D
en

si
ty

2 4 6 12 18 24 36
0.0

0.1

0.2

0.3

0.4

EGCG-50μM

Hours

A
vg

. O
pt

ic
al

 D
en

si
ty

PCPC--33 (H3C)2N C

N(CH3)2

N+(CH3)2Cl-

Crystal Violet Assay

Androgen-independent

Derived from a bone metastasis of a grade IV Derived from a bone metastasis of a grade IV prostaticprostatic adenocarcinomaadenocarcinoma
from a 62from a 62--yearyear--old male Caucasian.old male Caucasian.

KaighnKaighn ME et al., Establishment and characterization of a human ME et al., Establishment and characterization of a human 
prostaticprostatic carcinoma cell line (PCcarcinoma cell line (PC--3). Invest. 3). Invest. UrolUrol. 17: 16. 17: 16--23, 1979.23, 1979.

2 4 6 12 18 24 36
0.00

0.25

0.50

0.75

1.00

1.25

1.50

1.75
Control (EtOH)

Hours

A
vg

. O
pt

ic
al

 D
en

si
ty

2 4 6 12 18 24 36
0.00

0.25

0.50

0.75

1.00

1.25

1.50

1.75

EGCG-10μM

Hours

A
vg

. O
pt

ic
al

 D
en

si
ty

2 4 6 12 18 24 36
0.00

0.25

0.50

0.75

1.00

1.25

1.50

1.75

EGCG-25μM

Hours

A
vg

. O
pt

ic
al

 D
en

si
ty

2 4 6 12 18 24 36
0.00

0.25

0.50

0.75

1.00

1.25

1.50

1.75

EGCG-30μM

Hours

A
vg

. O
pt

ic
al

 D
en

si
ty

2 4 6 12 18 24 36
0.00

0.25

0.50

0.75

1.00

1.25

1.50

1.75

EGCG-40μM

Hours

A
vg

. O
pt

ic
al

 D
en

si
ty

2 4 6 12 18 24 36
0.00

0.25

0.50

0.75

1.00

1.25

1.50

1.75

EGCG-50μM

Hours

A
vg

. O
pt

ic
al

 D
en

si
ty

LNCaPLNCaP (H3C)2N C

N(CH3)2

N+(CH3)2Cl-

Crystal Violet Assay

Androgen-dependent

mutated AR

Derived from the lymph node metastasis of a prostate carcinoma pDerived from the lymph node metastasis of a prostate carcinoma patient atient 
who failed hormone and radiation therapy.who failed hormone and radiation therapy.

HoroszewiczHoroszewicz et  al.., Cancer Res. 43 1809et  al.., Cancer Res. 43 1809--1818 (1993)1818 (1993)

4 6 12 18 24 36
0.0

0.1

0.2

0.3
Control (EtOH)

Hours

A
vg

. O
pt

ic
al

 D
en

si
ty

4 6 12 18 24 36
0.0

0.1

0.2

0.3

EGCG-10μM

Hours

A
vg

. O
pt

ic
al

 D
en

si
ty

4 6 12 18 24 36
0.0

0.1

0.2

0.3

EGCG-25μM

Hours

A
vg

. O
pt

ic
al

 D
en

si
ty

4 6 12 18 24 36
0.0

0.1

0.2

0.3

EGCG-40μM

Hours

A
vg

. O
pt

ic
al

 D
en

si
ty

4 6 12 18 24 36
0.0

0.1

0.2

0.3

EGCG-50μM

Hours

A
vg

. O
pt

ic
al

 D
en

si
ty

4 6 12 18 24 36
0.0

0.1

0.2

0.3

EGCG-100μM

Hours

A
vg

. O
pt

ic
al

 D
en

si
ty

 

      Cell cycle analysis with 50µM EGCG for 24 hours showed a significant S-phase arrest in 

LNCaP cells and a significant G2-phase arrest  in PC-3 cells. Etoposide was used as a 

positive control. 

      APO-BRDU with 50µM EGCG for 24 hours showed 30% apoptotic and necrotic cells in 

LNCaP cells, 37% apoptotic and necrotic cells in PC-346C cells and surprisingly nearly no 

apoptotic and necrotic cells in androgen-independent PC-3 cancer cells.  
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4.5 Animal Model Systems 

One of the earliest autochthonous model systems, the LOBUND-Wistar rat was developed at 

University of Notre Dame by Professor Morris Pollard who observed spontaneous tumor 

formation in the urogenital system of germ-free rats [66]. Approximately 30% of male 

LOBUND-Wistar rats spontaneously develop tumors of the urogenital system within 2 years, 

while treatment with nitrosomethylurea (NMU) increases the tumor incidence to approximately 

90% and reduces the time to tumor development to approximately 10 months [67]. Our recent 

analysis of the effects of green tea on tumor development in this autochthonous model 

demonstrated that the tumor incidence is reduced by 50% in the animals consuming green tea 

compared to tap water, demonstrating the utility of the model system for the analysis of diet on 

tumor formation. However histological analysis demonstrated that 90-95% of the tumors 

originate in the seminal vesicles of the rats, whether the animals were given water or green 

tea. Since the seminal vesicles are derived from a different embryological origin than the 

prostate, this significantly reduces the relevance of this model system [68]. Several transgenic 

strains have been developed that produce autochthonous prostate cancers. The most widely 

used transgenic model system for prostate cancer is the TRAMP mouse, which expresses the 

SV40 large T and middle t antigens under the control of the minimal probasin promoter, 

targeting the expression of the transgene to the dorso-lateral lobes of the gland [69]. These 

tumors develop between 8 and 10 weeks, and the majority of the animals die within 28 weeks 

as a result of metastatic burden [70]. While these tumors are androgen-dependent, the 

extremely aggressive behaviour of the tumors, the rapid metastatic progression and the 

neuro-endocrine characteristics of the tumors make them a poor model for the chronic effects 

of dietary modulation on localized early stage disease. These considerations have lead to the 

development of a second androgen-dependent transgenic model system the LBP-Tag mouse, 

which is usually referred to as the LADY model [71]. In this case, the long probasin promoter 

drives the expression of just the SV40 large T (and thus eliminating effects of SV40 middle t), 

targeting the transgene to the dorso-lateral and ventral prostate. Like TRAMP mouse, 

androgen-dependent tumors develop in this model with 100% penetrance, but with a latency 

of approximately 2-5 months, at which time most mice show evidence of low grade prostatic 

intraepithelial neoplasia (LGPIN) in the dorso-lateral and ventral lobes of the prostate. Tumor 

progression to high grade PIN (HGPIN) and local microinvasive and invasive tumors occurs 

over the next 4 months, leading to the development of androgen receptor negative  

(AR-)adenocarcinomas and neuro-endocrine carcinomas by 6 months of age. This occurs 

without significant proliferation of the stroma, reflecting the pathology seen in human disease. 

Mice eventually develop androgen-independent metastatic disease, primarily in the lymph, 

liver and lungs between 6 and 9 months, which can be monitored using Tag 

immunohistochemistry. The long latency and the pathology that accurately reflects the human 
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disease makes this model system much more representative of the initiation of localized 

prostate cancer in humans and much more amenable to long term dietary intervention studies. 

Prostate cancer research has been hampered by the dearth of good androgen-dependent cell 

lines of human origin. For many years the standard androgen-dependent cell line has been 

the LNCaP system. This aneuploid cell line was initially developed from the lymph node 

metastasis of an individual who failed both radiation and hormone therapy [72]. It is therefore 

quite surprising that this cell line is androgen-dependent and non-metastatic in the laboratory 

setting. In addition the cell line contains a mutation in the ligand binding domain of androgen 

receptor (Thr877Ala), which renders the receptor quite promiscuous, to the extent that the 

receptor can be activated by a number of endogenous steroids including the active androgen 

5α-dihydrotestosterone (5α-DHT) and the adrenal steroid, Δ4-androstenedione, making it very 

difficult to control the activation of the receptor in vivo [73,74]. This cell line can be grown as 

xenografts in nude mice as either subcutaneous tumors or as orthotopic tumors, but due to 

the overriding influence of the adrenal steroids, these tumors fail to respond appropriately to 

androgen deprivation or anti-androgen therapy (either Flutamide® or Casodex®) [75]. The 

CWR22 transplantable prostate tumor model system was also developed from a patient who 

had failed hormone therapy, and while it remains many of the molecular characteristics of 

early stage prostate cancer, it also contains a mutation in the ligand binding domain of the 

androgen receptor (His874Tyr) which produces similar ligand promiscuity to the LNCaP cell 

lines [76], making it less than ideal for in vivo evaluation of diet or other interventions designed 

to regulate progression. 

Due to the inherent difficulties of culturing primary 

prostate epithelial cells a number of groups have 

developed cell lines immortalized using a variety of viral 

constructs that interfere with cell cycle or apoptotic 

mechanisms [77-79]. While these cell lines are very 

useful for many applications, the disruption of cell cycle 

and apoptosis mechanisms makes them inherently 

unsuitable for our studies. A number of androgen- 

dependent cell lines have also been developed by direct 

implantation of human tumors into nude mice as 

subcutaneous xenografts [80]. One of these cell lines, 

PC-346C, was developed from a prostatectomy of an 

individual who had received no therapy prior to surgery, 

and contains a wild type androgen receptor, and wild-

type p53. This diploid cell line is androgen-dependent in cell culture, responds appropriately to 

both androgens and anti-androgens in vitro and in vivo and has not been immortalized using 

PC-346C 
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viral constructs that disrupt normal cell cycle or apoptotic control pathways, we have chosen to 

utilize this cell line exclusively for our xenograft. 
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Conclusion 

Based on the present data, the densitometric analysis of AR-immunoreactivity and the 

assessment of both cell morphology and cell proliferation proved to be independent and 

sensitive parameters for the evaluation of androgen effects on prostates and seminal vesicles. 

Using these additional detection tools we found a weak androgenicity of BPA. The combined 

application of these parameters may provide an additional tool to test the broad spectrum of 

endocrine active substances, such as endocrine disruptors and phytoestrogens which are 

currently being discussed as to their potential risk and benefits to the environment and 

humans.  

The xenograft accomplished, represents a comprehensive evaluation of the effects of green 

tea consumption on prostate tumor progression and metastases, and will determine whether 

self medication with green tea interferes with standard hormone therapy using Casodex®. The 

overall outcome of the planned and further studies will have significant impact on the current 

use of Casodex® for the treatment of early stage localized prostate cancer, particularly in 

terms of the interactions between diet (in the case of green tea consumption) and standard 

treatments for the disease. These studies may provide evidence of other important regulatory 

mechanisms beyond androgens that can be integrated into our understanding of prostate 

disease and provide new avenues for treatment. 
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Abbreviations 

AEC 3-amino-9-ethyl-carbazole 

ANOVA Analysis of Variance 

AR                             Androgen Receptor 

BPA                             Bisphenol A 

BrdU       Bromodeoxyuridine 

BSA        Bovine Serum Albumine  

BW        Body weight 

CDC6       Cell Division Cycle 6 

CDK2/4       Cyclin Dependent Kinase 2/4 

CV                             Crystal Violet Assay 

CWR22       androgen-dependent human prostate cancer cells    

DDT    Dichlordiphenyltrichlormethan  

DHT                                       Dihydrotestosterone 

DMEM    Dulbecco’s Modified Eagle’s Medium 

DMSO    Dimethylsulfoxide 

DNA    Desoxyribonucleic acid 

DU-145                            Human prostate carcinoma, epithelial-like cell line 

Earle’s BSS       Earle’s Balanced Salt Solution 

EC                             Epicatechin  

ECG                             Epicatechingallate 

EDSTAC                            Endocrine Disruptor Screening and Testing Advisory  

                                                     Committee 

EGC                             Epigallocatechin 

EGCG                           (-)-Epigallocatechin-3-gallate 

EGF       epidermal growth factor  

EPA                               Environmental Protection Agency 

EPC                            Early Prostate Cancer 
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Erb B1-Shc-ERK1/2      epidermal growth factor receptor-Src homologous and   

             collagen-extracellular signal-regulated protein kinase 1/2 

FACS                           fluorescence activated cell sorting 

FBS       Fetal bovine serum  

FL                            Flutamide® 

H & E      Hematoxylin & Eosin 

HGPIN      High grade prostatic intraepithelial neoplasia 

IGF-1                           Insulin-like Growth Factor-1 

ITS-G          Insulin-transferrin-selenium-G 

Ki-76                            antigen (345, 395 kDa) preferentially expressed during all  

                                       active phases of the cell cycle (G1, S, G2 and M phases),    

                                                 but absent in resting (G0) cells 

KG       Körpergewicht 

LADY      umbrella term for several transgenic mice for prostate  

                                  cancer 

LGPIN       Low grade prostatic intraepithelial neoplasia 

LH                              Luteinizing hormone 

LNCaP                             Lymph Node Carcinoma of Prostate 

LPB-Tag       Large probasin-large T-antigen 

MEM       Minimum Essential Medium 

MIB-5                            antibody for demonstration of the Ki-67 antigen 

NGS        Normal goat serum 

OD        Optical density 

OX                             Orchiectomized rats 

PBS        Phosphate buffered saline 

PC                             Prostate Cancer 

PC-3                            Prostate Cancer-3 

PC-346C    Prostate Cancer-346 Cancer 

PCNA                            Proliferating Cell Nuclear Antigen 

PC-SPES                            Prostate Cancer-Hope 
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PI        Propidium Iodide 

PSA                            Prostate Specific Antigen 

RF-C      Reduced Folate-Carrier 

SAB   StreptAvidin Biotin 

SD    Standard Deviation 

SE   Standard Error 

SV40   Simian Virus 40 

T3   Testosterone 

TP                             Testosterone Propionate 

TRAMP      Transgenic adenocarcinoma of the mouse prostate 

TUNEL       TdT-mediated dUTP-biotin nick end labeling 

TX        Triton X 

UV        Ultraviolet 
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