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ABSTRACT

In many developed countries, prostate cancer is the most common male tumor.
Because of the high incidence and mortality rates, early diagnosis, along with
prediction of clinical outcome and understanding of the pathogenesis with its
typical metabolic aberrancies, is awaited with expectation. It is today widely
accepted that inflammation has a role in many human cancers, including
prostate cancer. Inflammation is thought to incite carcinogenesis by causing cell
and genome damage, promoting cellular turnover and creating a tissue
microenvironment that can foster cell replication, angiogenesis and tissue
repair. Accordingly, several studies have suggested chronic inflammation of the
prostate gland may be associated with an increased risk of developing prostate
cancer. In this work | indicate that, in an inflammatory environment, the human
prostate gland may synthesize high amounts of estrogens via the local over-
expression of the aromatase enzyme, suggesting that these changes can be
important in the emergence and/or the progression of prostate cancer. In this
latter, the expression of key players, such as COX-2 and inflammatory
cytokines, is significantly altered, favoring cell proliferation and minimizing
programmed cell death. In addition, estrogens are able to induce amphiregulin
expression that can, in turn, activate the EGFR signaling, becoming critical for
the prostate cancer development. Taken together, these data strongly support a
crucial role of estrogen in the malignant prostate. A better understanding of the
mechanisms underpinning endocrine, paracrine and autocrine activity of sex

steroids and their relationship with the inflammatory process in both normal and



diseased prostate gland is pivotal to develop new strategies for hormonal

treatment of human prostatic carcinoma.



1. INTRODUCTION

1.1 Epidemiology, risk factors and prevention

Prostate cancer represents the second most common cancer in men in the
world and the sixth cause of cancer-related mortality, with 903,500 new cases
and 258,400 deaths recorded worldwide in 2008 (Figure 1) [1]. The highest
rates are observed primarily in Northern Europe, North America, and Oceania.
In Europe, prostate cancer is the commonest type of cancer in men, although
incidence varies considerably across Northern and Southern Europe, as shown
in Figure 1[1]. Both genetic and environmental factors may contribute to explain
this large geographic variation. Studies on populations migrating from countries
with low incidence/mortality rates (e.g., China or Japan) to countries with higher
rates of prostate cancer (United States), have revealed, within a generation, a
significant increase in prostate cancer incidence/mortality as compared with

their peers in the countries of origin[2-4].

Worldwide Cancer Cases
Males
Estimated New Cases Estimated Deaths
First Second

Male Male Eastern Africa Kaposi sarcoma 15.8% | Esophagus 10.4%

Lung & bronchus Lung & bronchus Middle Africa Liver 23.6% | Prostate 14.1%
1,095,200 951,000 Lung & bronchus  12.7% | Bladder 125%
Prostate Liver Prostate 18.2% | Lung &bronchus  11.5%
903,500 478,300 Liver 19.2% | Prostate 18.3%
COK%%-?GVECOIUW\ igjﬁll-niég Caribbean Prostate 37.3% Lung & bronchus  13.0%
£ h Col &' Central A Prostate 24.4% | Stomach 91%
2?51;50 ° %TZO Grgétum South Amenca Prostate 26.4% Lung & bronchus  10.6%

2 t North America Prostate 25.7% Lung & bronchus i

Liver Esophagus : ik : et e B z L
522,400 276,100 Eastern Asia Lung & bronchus ~ 20.4% | Stomach 1%
Esophagus Prostate South-Eastern Asia Lung & bronchus 19.8% Liver 15.1%
326,600 258,400 South-Central Asia Lung & bronchus ~ 12.3% | Oral cavity 9.49
Urinary bladder Leukemia Western Asia Lung & bronchus  19.0% | Colon&rectum  8.4%
297j300 143,700 Central and Eastern Europe  Lung & bronchus ~ 22.2% Colon & rectum 13.0%
NON*HO?%EI%(I)}J?DHOFH& Pja;g(rrgs Northern Europe Prostate 27.3% Lung & bronchus  14.3%
k’ 3 Ui 'bl dd Southern Europe Prostate 20.0% Lung & bronchus ~ 17.0%

'-1@5'5 ‘;’B‘g ”"ﬂ g 36’0 £ Western Europe Prostate 20.8% | Lung &bronchus  13.4%
s ; Aust Prostate 29.8% | Colon&rectum  13.4%

Oral cavity Non-Hodgkin lymphoma =3 - 28% | € % rectu 3.4%
109,500 Melar Oral cavity 16.1% | Liver 10.3%

All sites but skin All sites but skin Micronesia Lung & bronchus ~ 29.9% Prostate 15.9%
6,629,100 4,225,700 Polynesia Prostate & Lung  20.1% | Colon & rectum 6.4%

Figure 1. Left: Estimated new cancer cases and deaths worldwide for leading cancer sites; Right:

the two most common types of new cancer cases. Source: GLOBOCAN 2008.
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This evidence suggests that lifestyle and dietary factors may play a central role
in development and progression of human prostate cancer. Several studies
have hypothesized that plant hormones contained in Asian diets, particularly the
phytoestrogens present in soy products, might act as natural hormone
antagonists and anticancer agents and that their intake could be associated
with a decrease of prostate cancer risk. A recent review [5] of epidemiological
studies on the association of soy and other nutrients containing phytoestrogens
with the risk of developing prostate cancer has shown contradictory results, with
only a few studies reporting a risk reduction associated with the intake of soy
food, legumes, and isoflavones. In a meta-analysis of 8 epidemiological studies,
Yan and Spitznagel indicated that the consumption of soy food is related to a
nearly 30% reduction of prostate cancer risk, despite only 3 studies in the
analysis showed statistically significant lower risk of prostate cancer [6]. Several
studies in Asian men have also reported a trend toward a decreased prostate
cancer risk with increased equol (a gut bacterial product of the
isoflavonedaidzein) intake. In addition, both lower equol concentrations and a
lower prevalence of equol-producers have been observed in Asian populations
among men with prostate cancer as compared with controls, whereas studies in
European populations have reported no association [7].

Several studies have supported the potential role of estrogen role in prostate
cancer progression, with sex hormones behaving as intermediaries between
exogenous factors and molecular targets (Figure 2). In this framework,
endogenous sex steroids, along with genetic factors, environmental factors
(including diet) host immune and inflammatory responses, are likely to concur in

the pathogenesis of this disease. [8-11].
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Figure 2. Main aspects affecting development and progression of prostate cancer.

Temporal trends in mortality rates of prostate cancer are easier to interpret than
trends in incidence rates, as they are less or not affected by PSA testing.
Incidence trends follow in fact a consistent pattern in countries with a
widespread use of PSA, including Australia, Canada and United States, with a
rapid rise in incidence in prostate cancer in the early 1990s, soon after the
introduction of PSA testing, followed by a quick decline [12]. Death rates for
prostate cancer have been decreasing in many developed countries, including
Australia, Canada, Finland, France, Israel, Italy, Netherlands, Norway, Portugal,
Sweden, United Kingdom and United States [12]. In contrast, mortality rates are
rapidly rising in some Asian and Eastern European countries, such as Japan
and Poland. While the decrease of prostate cancer death rates in Western
European and North American countries has been ascribed mainly to earlier
diagnosis and improved treatment, the increase in Asian and Eastern European
countries has been thought to be a reflection of “westernization”, including
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increased consumption of animal fat, obesity and physical inactivity [13]. Some
studies suggest that a diet high in processed meat may also be a risk factor
[14,15] and that risk of dying from prostate cancer is increased in obese [16].
Nevertheless, the only well-established risk factors for prostate cancer are older
age, race (black), and family history [17]. Recent genetic studies suggest that a
strong familial predisposition may be an important factor to predict an increased
risk of prostate cancer [18]. Although, modifiable risk factors for prostate cancer
are not understood well enough to make definitive recommendations for
preventive measures, factors that may reduce risk include maintaining a healthy
body weight, getting regular physical activity and consuming a diet low in animal
fat and high in fruits and vegetables. Evidence on the value of testing for early
prostate cancer detection is insufficient to recommend for or against screening
with  PSA for men at average risk [19]. The American Cancer Society
recommends that men who are at average risk of prostate cancer, do not have
any major medical problems and have a life expectancy of at least 10 years,
should be informed about the benefits and limitations of testing for early
prostate cancer detection beginning at age 50 and have an opportunity to make
an informed decision about testing [20].

Treatment options vary depending on age, stage, and grade of the tumor, as
well as other medical conditions. Surgery, external beam radiation, or
radioactive seed implants may be used to treat early stage disease. Hormonal
therapy, chemotherapy and radiation, alone or in combinations, are used for
metastatic disease and as a supplemental or additional therapy for early stage
disease. Hormone treatment may control prostate cancer for long periods by

shrinking the size or limiting the growth of the cancer, thus relieving pain and
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other symptoms. Careful observation (watchful waiting) rather than immediate
treatment may be appropriate for some men with less aggressive tumors,
especially older men with limited life expectancy and/or other health
considerations. Over the past 25 years, a dramatic improvement in survival has
been observed, partly attributable to earlier diagnosis of asymptomatic cancers
and improvements in treatment. The five-year relative survival rate for patients
diagnosed with prostate cancer in the United States approaches 100% [21] and
in Europe ranges from 48% (Denmark) to 87% (Austria) [22]. In sub-Saharan
African and Southeast Asia the five-year survival rate is less than 40% in most

countries [23].

1.2 Prostate cancer and sex hormones
1.2.1 Sex steroid metabolism

Men and women synthesize both androgens and estrogens, but the relative
ratio of the two hormones between the two sexes is markedly different. The
importance of androgens to the male is unequivocal, whereas the roles of
estrogens are less clear. Estrogen synthesis occurs via aromatization of
androgens through the aromatase enzyme (cytochromeP450arom), with
aromatase representing a critical regulator of the balance between androgens
and estrogens and their circulating and tissue levels (Figure 3). In men, the
balance between plasma levels of androgens and estrogens is significantly
altered upon aging. Plasma androgen levels decline whereas estradiol levels
remain relatively constant [24].In specific tissues of the body, the balance

between androgens and estrogens differ significantly from that in the plasma



because it is dependent upon the expression and activity of steroid metabolizing

enzymes, such as 5a-reductase and aromatase [11,25-27].
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Figure 3. Pathways of sex steroid metabolism in peripheral target tissues. Abbreviations:
TESTO, testosterone; 4-DIONE, androstenedione; DHT, dihydrotestosterone; 3a-diol, 3a-
androstanediol;33-diol, 3B-androstanediol; DHEA, dihydroepiandrosterone; 5a-DIOL, 5a-
androstanediol; E2, estradiol; E1, estrone; E2-S, estradiol-sulfate; E1-S,estrone-sulfate.

The critical role of local synthesis of steroids has assumed increasing
importance in some disease states, particularly in glandular tissue such as the
breast, wherein abnormal levels of estradiol may promote either malignant
transformation or cell proliferation in the early stages of tumor development
[28,29]. Abnormal expression of aromatase is believed to contribute to the
development and progression of human breast cancer [28,29]. As there is
increasing evidence that the prostate is a direct target for estrogenic activity [30-
32], it is important to determine whether or not aromatase is expressed locally
and to identify any changes that may occur with prostate disease. The Rancho
Bernardo study, conducted in California, revealed an association of elevated
plasma estradiol and estrone with an increased risk of prostate cancer [33]. Two
more recent nested case-control studies on serum levels of both androgens and
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estrogens failed to show any association with prostate cancer risk [34,35].
Interestingly enough, one of the two studies has reported a positive association
of plasma total testosterone with low-grade disease and an inverse association
with high-grade disease [34].Recently, a limited but significant decrease of
prostate cancer risk has been associated with increasing serum levels of total
testosterone [36]. In a study on hypogonadal men, Morgentaler and colleagues
[37] reported that subjects with PSA levels <4.0 ng/mL had a 15% overall rate
of prostate biopsies positive for cancer. Interestingly, subjects with plasma
levels of testosterone <250 ng/dL had a prostate cancer rate of 21%, as
opposed to 12% for men with a testosterone level >250 ng/dL. Furthermore, the
probability of cancer in men in the lowest tertile was over twice as much as that
in men in the highest tertile of both total and free testosterone. Several studies
have scrutinized the relationship between pretreatment serum levels of
testosterone with clinical stage of prostate cancer and patient survival,
suggesting that low serum testosterone could be used as a negative prognostic
predictor for this neoplasia.

To date, investigators have raised the question why it has been so difficult to
demonstrate that plasmatic androgens are associated to an increased risk of
developing prostate cancer. The most obvious answer to this question is that
circulating androgens are simply not associated with prostate cancer risk. It
should be taken into consideration, however, that several issues related to
measurement of plasma steroids, both androgens and estrogens, could be
contemplated to explain this large inconsistency of data. They include the low
statistical strength of most studies, the limited number of incident cases in

prospective studies, the minor differences in sex steroid serum levels between
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cases and controls, and the rather large intra- and inter-assay laboratory
variations of serum hormone measurements [38]. On the other hand, several
other variables, including obesity, physical activity, diabetes, metabolic
syndrome and benign prostatic hyperplasia, that might have an impact on
serum levels of hormones and/or have been related to prostate cancer, have
not been adjusted for in previous nested case-control studies [39].

In any case, it is unlikely that a single assay of plasmatic androgens can be
regarded as descriptive of average androgen levels over an etiologically
relevant period of life. In this respect, since the length of prostate
carcinogenesis and tumor progression can span 35-40 years or longer, the
timing for the carcinogenetic activity of androgen and/or estrogen on human
prostate should be counted 20-30 years (or even earlier) prior to the clinical
manifestation of the disease, when serum androgens are higher and, hence,
could be biologically relevant.

So far, aromatase expression in either nontumoral or malignant prostate is
controversial, with various studies that have detected or failed to detect

aromatase activity in prostatic tissues [40-43].

1.2.2 Estrogens in prostate tumor development and progression

Cellular signaling of estrogens is mediated through two ERs, ERa and ER(,
both belonging to the nuclear receptor superfamily of transcription factors.
Estrogen receptors contain specific and functionally distinct domains. The
central and most conserved domain, the DNA-binding domain (DBD), is
involved in DNA recognition and binding, whereas ligand binding occurs in the

COOH-terminal multifunctional ligand-binding domain (LBD). Transcriptional

12



activation is facilitated by two distinct activation functions (AF), the constitutively
active AF-1 located at the NH2 terminus of the receptor and the ligand-
dependent AF-2, that resides in the COOH-terminal LBD. Both AF regions
recruit a range of coregulatory proteins that are bound in complexes to the
DNA-bound receptor. The two ERs share a high degree of sequence homology
except in their NH2-terminal domains, and they have similar affinities for 17[3-

estradiol (E2) and bind the same DNA response elements (Figure 4).

DNA-binding (97%) Agonist/
Transcriptional Ligand -binding (55%) Antagonist
Activity (17%) Hinge (30%) Distinction (18%)
‘ 185 2351 355 549 595
hERa A/B lcl D | E | £l
1 148 214 304 500 530
hERp _ AB |C D E F
Transcriptional e
Activation AF-1 Hsps AF-2
Nuclear Localization
Dimerization —
DNA-Binding —
Co-Activator Binding — — —
Co-repressor Binding —

Figure 4. Functional domains of the two major estrogen receptor proteins.

Ligand-dependent estrogen signaling begins with the binding of estrogen to
ERs. Afterward, the cell-specific transcriptional response to the estrogen
depends on multiple factors, with the coregulatory complex being fundamental
to activate estrogen-responsive genes. Since hormones are transcriptional
modulators, the pattern of regulated genes also depends on other signaling
pathways that are active in the cell at the time of hormone exposure [44-46].The

more recent identification of a second ER, the ER[, and the identification of
13



several receptor isoforms, has confirmed the complex nature of estrogen
signaling and helped understanding estrogen activity in tissues that do not
express ERa. Several splice variants have been described for both receptor
subtypes (Figure 5), but it remains unclear whether these variants are

expressed as functional proteins and endowed with biological functions.
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Figure 5. A) and B) Genomic organization of the human Esrl and Esr2 gene respectively. The
location of multiple promoters and corresponding upstream exons of the human ERa gene and
human ERf gene are shown left of +1. Upstream exons are represented by numbered boxes and
their promoters shown as arrows. Downstream Exons are numbered in the corresponding
blocked region with the nucleotide number above. The ATG start codon, splice sites and the TAG
stop codon are also identified. C) and D) Some mRNAs splice variant of the human ERa and
human ER( from hEsr1 and hESR2 gene respectively.

Shorter hERa isoforms lacking exon 1 or exon 1 and 7-8, termed respectively
hERa46 and hERa36, have been identified both in vivo and vitro [47-50],
although their role in regulating estrogen effects remains to be determined.
Functionally, hERa46 lacks the amino-terminal A/B domain present in the full-
length hERa66 and is consequently devoid of the AF1 function. The hERa36,
consists of a 36 kDa protein variant which lacks both ligand-dependent and-
independent transactivation regions (AF-1 and AF-2), but retains the ligand- and
DNA-binding domains [48]. Interestingly, both ERa variants have the ability to

heterodimerize with the full-length hERa, thereby repressing AF-1-mediated
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activity [47,49]. They may also localize to the plasma membrane, being
implicated in mechanisms through which rapid, “nongenomic” estrogen
signaling occurs [49,51]. In particular, ERa36 is expressed both on the plasma
membrane and in the cytoplasm, where it mediates membrane-initiated effects
of estrogen signaling, including activation of the mitogen-activated protein
kinase/extracellular signal-regulated kinase (MAPK/ERK), and stimulation of cell
proliferation [49]. Today, there is convincing evidence that estrogens may exert
an amazing array of biological activities through distinct, ER-related pathways

(Figure 6) [52].
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Figure 6. Major estrogen signaling mechanisms. Adapted from Yager & Davidson, 2006.

In fact, other than the classical transcriptional action of E2, rapid effects, that
occur within seconds or minutes after addition of E2, have been described

[53,54]. These rapid effects include activation of kinases and phosphatases and
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the increase in ion fluxes across membranes. Also, growth factor signaling may
eventually lead to activation of kinases that in turn phosphorylate and thereby
activate ERs and/or recruit coregulators in the absence of ligand [55]. Although
these rapid effects have been extensively studied, there is still no agreement as
to whether or not the classical ERs are involved [56,57] or, rather, there is a
distinct membrane-associated receptor [58].

The concept that human prostate cancer represents a paradigm of androgen-
dependent tumor has endured for decades against a bulk of experimental
evidence suggesting that estrogens and other growth factors may be at least
equally important in prostate carcinogenesis and tumor progression [10]. The
expression and functional status of ERs appear to play a significant role in the
carcinogenesis of all hormone sensitive organs including prostate.

Recent experimental evidence suggests that prostate cancer originates from
precancerous lesions, such as chronic proliferative inflammatory atrophy (PIA),
as a consequence of prostate tissue injury [59]. Normally, in response to tissue
injury, the prostate stem cell compartment, that represents a minority (1-3%) of
basal epithelial cells and has been located at the basement membrane of the
prostatic glandular epithelium, would give rise to a population of transit-
amplifying/intermediate cells that would, in turn, terminally differentiate and
generate luminal secretory and neuroendocrine epithelial cell types. It is
speculated that tumor-initiating cells could arise during the prostate
regeneration process within the pool of prostate stem cells, when their
differentiation ability is somehow impaired by a mutation activating oncogenic
and/or abrogating tumor suppressor signaling pathways [60]. The resulting

progeny of cells would clonally expand and undergo the promotion and
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progression phases of the multistep carcinogenetic process, eventually leading
to create a population of cancer stem cells featured by unrestricted replicative
potential and reduced apoptosis. In this context, estrogens have been reported
to up-regulate both expression and activity of telomerase in human prostate
epithelial cell lines, an event that is generally associated with unlimited cell
proliferation [61].

Cavalieri and Rogan [62] have produced consistent experimental evidence in
support of their hypothesis that selected tissue estrogen metabolites, notably
the electrophilic catechol estrogen-3,4-quinones, may react with DNA and
generate depurinating estrogen-DNA adducts. After adducts are released from
DNA, error-prone base excision repair of the resulting apurinic sites may lead to
mutations that can be critical to initiate breast, prostate, and several other
human cancers.

Some studies have reported that long-term administration of testosterone to rats
induces the development of prostate tumors, suggesting that testosterone acts
as a complete carcinogen on the rat prostate, though in a limited proportion of
cases and in some but not all rat strains [63-65]. However, when Noble rats
were used as model system, the administration of testosterone and estradiol, in
sequence or combined, resulted in the occurrence of both ductal and acinar
epithelial dysplasia, followed within 1 year by the development of
adenocarcinomas of the dorsolateral prostate in 90-100% of the animals [66]. If
rats were treated with androgen alone, the incidence of prostate cancer
dropped to 35-40% [67].

The mechanisms underpinning the hormonal carcinogenesis in the rat prostate

remains largely undefined, but there is evidence to suggest that both receptor-
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mediated and nonreceptor effects may be implicated. As far as estrogens are
concerned, the development of dysplastic lesions in the dorsolateral prostate of
rats exposed for 16 weeks to a combination of testosterone and estradiol was
almost completely abrogated by the simultaneous administration of the pure
antiestrogen 1CI-182,780[68]. However, since ICI-182,780 also induces a block
of the hyperprolactinemia produced in rats by estrogen treatment, it is difficult to
establish whether the effects of this estrogen antagonist are a consequence of
binding to estrogen receptor or not. Although most studies on hormonal
carcinogenesis of the prostate have been conducted on rodents, it ought to be
emphasized that the rat prostate, consisting of dorsal, lateral, ventral and
anterior lobes, has embryology and anatomy distinct from human. Therefore,
results of these studies should be interpreted with caution.

Both epidemiological and experimental evidence presented herein supports the
view that prostate cancer arises in the aging male in an estrogenic environment.
However, the ultimate biological impact of sex steroids, particularly estrogen, on
prostate cancer cells is difficult to dissect as it is strictly dependent upon several
variables, including the estrogen:androgen ratio in both plasma and prostate,
the expression and activity of steroid enzymes, the binding to intracellular
and/or membrane receptors, the exploitation of genomic and/or nongenomic
mechanism(s) of action. Previous studies have assessed the proliferative
effects of sex hormones in cultured prostate cancer cells. Although several
reports have shown that androgens markedly stimulate prostate cancer cell
growth [69,70], unequivocal evidence for a direct increase of DNA synthesis
brought about by bioactive androgens in prostate tumor cell lines is surprisingly

rare and often conflicting (if any). The inconsistency of the results obtained in
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cell model systems does not allow to draw any truthful interpretation also
because different variables, including culture and experimental conditions, age
of cultured cells, and exposure to endogenous hormones and growth factors
may considerably affect the results.

Various in vitro studies carried out on LNCaP cells have indicated that both
androgen and antiandrogen stimulate growth of these cells [71]. It has been
previously reported that the exposure to physiological estrogen concentrations
may either stimulate or decrease growth of androgen-responsive LNCaP and -
refractory PC3 prostate cells, respectively, and that these effects are
predominantly receptor-mediated, being completely abrogated by the
simultaneous addition of the pure estrogen antagonist ICI-182,780 [72,73]. This
evidence implies that estrogen may affect proliferative activity of prostate
cancer cells even if the cells have become androgen-resistant. This finding is
also corroborated by the significant rates of clinical response to the systemic
administration of estrogens observed in prostate cancer patients having a
metastatic, androgen-refractory disease [74]. Other authors have revealed that
tamoxifen (a mixed antiestrogen) and ICI-182,780 (a pure antiestrogen) inhibit
growth of both DU145 and PC3 prostate cancer cell lines and have cytotoxic
effect on DU145 cells. Based on the finding that the proliferative effects of
estrogens on human prostate cancer cells in culture appear to be typically
receptor-mediated, it would be important to assess the ER content and the

balanced expression of different ER types and their variants in vivo.
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1.3 The epidermal growth factor receptor axis in prostate cancer

In the human prostate, epithelium-lined ducts exist in intimate contact with
smooth muscle cells and undifferentiated fibroblasts of the fibromuscular
stroma. Moreover, homeostatic interactions between the epithelial compartment
and the differentiated stromal compartment are believed to be important in the
maintenance of prostate tissue function in the adult [75]. Stromal-epithelial
interactions have also been proposed to determine the natural history of tumors
arising from epithelial organs and descriptive observations of carcinomas
support the relevance of a stromal-epithelial interaction in tumor progression
[76-79]. Tumor stroma has been documented to “react” to the presence of
associated carcinoma cells by altering(usually increasing) the expression levels
of specific secreted proteins capable of paracrine signaling which have been
identified as being up-regulated in the reactive stroma [80-82].

The epidermal growth factor receptor (EGFR) is a 170-kDatransmembrane
glycoprotein that has been identified in normal, hyperplastic and malignant
prostatic epithelium [83-85].Growth factors and their receptors have received
much attention as potential targets for the treatment of prostate cancer [86,87].
Epidermal growth factor (EGF), the related transforming growth factor-a
(TGFa) and amphiregulin (AREG), are the main autocrine/paracrine growth
factors that have been identified in prostate cancer specimens and cell lines
[88-90]. Autocrine activation of EGFR has been proposed as a mechanism to
support growth and invasiveness of malignant prostate epithelial cells [91-93].
The epidermal growth factor receptor is the most extensively studied member
ofthe ErbB family, which includes ErbB2 (HER-2/Neu) [94], ErbB3 (HER-3) [95],

and ErbB4 (HER-4) [96]. Many cells co-express multiple ErbB receptors that
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homodimerize and/or heterodimerize upon stimulation with respective ligands
[97]. Activated ErbB receptors trigger a number of important intracellular
signaling pathways, including the phosphoinositide3-kinase (PI3K) and the
mitogen-activated protein kinase/extracellular-related kinase 1/2
(MAPK/ERK1/2) pathways. PI3K activity acts as a membrane-associated
second messenger that binds and recruits a variety of cytosolic signaling
enzymes to the cell membrane [98]. One of these, the serine/threonine kinase
Akt, becomes phosphorylated at both Thr308 and Ser473 residues and
promotes cell survival through multiple mechanisms [99]. The phosphorylation
status of Akt (P-Akt), in vitro andin vivo, has been widely used to monitor
aspects of malignant behavior such as proliferation, resistance to
chemotherapy, irradiation, invasion, and metastasis [100,101].The MAPK
cascade constitutes a signaling pathway that links surface receptor-mediated
signals to nuclear events affecting cellular processes of growth, division,
differentiation, and death [102]. Phosphorylation of the most downstream
elements, p44 and p42 MAPKs (also called ERK1 andERK2), is a hallmark of
MAPK activation and is increased in many human tumors, including prostate
cancer [103,104].

Amphiregulin is an epidermal growth factor family member initially purified from
conditioned media of MCF-7 cells treated with 12-0-tetradecanoylphorbol-13-
acetate [105]. This peptide induces variable effects on growth in different cell
types. It is an autocrine factor for normal human mammary epithelial cells [106]
and promotes growth of normal fibroblasts and keratinocytes, as well as some
ovarian and pituitary tumor cell lines. Amphiregulin has not been shown to

interact directly with the gene products of other members of the c-erbB family of
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receptors including c-erbB2, 3, or 4 [107], and thus, the EGFR (c-erb B1/HER1)
is believed to be the sole cell surface receptor for AREG in epithelial cells [90].
Amphiregulin has been reported to be overexpressed in many types of cancers
including prostate [108],where it is encoded by an estrogen-regulated gene
[109,110]. It has been suggested that growth factor-based autocrine loops may
contribute to hormone-refractory tumor growth and that these autocrine
mechanisms may allow cells to survive after steroid deprivation in human

prostate cancer cells [111].

1.4 Inflammation and prostate cancer

Both Benign Prostate Hyperplasia (BPH) and prostate cancer represent chronic
diseases whose development and progression to become clinically manifest
often requires lengthy time periods[112]. In both these diseases, changes in the
prostate microenvironment, including growth factors, cytokines and steroid
hormones, may result in an altered regulation of prostate cell growth consisting
of elevated cell proliferation and reduced apoptosis [113,114].

Inflammation is thought to play a role in the causation of all human cancers.
Virchow already hypothesized that the origin of cancer is at sites of chronic
inflammation in 1863 [115]. Several sources of inflammation may influence the
risk of prostate cancer, including dietary [116], genitourinary bacterial [117,118],
viral infections[119], and intraprostatic urine reflux [120,121]. With regard to
diet, a number of nutritional factors may reduce the risk and progression of
prostate cancer through antioxidant and anti-inflammatory effects (figure 7)
[116]. These include CO-3 polyunsaturated fatty acids (PUFAS), fish, selenium,

vitamins D and E, and lycopene [116].
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Figure 7. Overview of potential pathways linking metabolic disruption to prostate cancer
progression. Arrows: stimulates/up regulates. Dashed lines: inhibits/down regulates.
Abbreviations: T2DM, type 2 diabetes mellitus; IGF, insulin-like growth factor; IGFBP, IGF binding
protein; IL-6, interleukin-6; TNF-o, tumour necrosis factor alpha; VEGF, vascular endothelial

growth factor. From Anya J. Burton et al., 2010.

PUFAs are classified according to their molecular configuration: CO-3 or CO-6.
The pro-inflammatory CO-6PUFAS, such as linoleic acid and arachidonic acid,
are metabolized through the cyclooxygenase (COX) pathway into inflammatory
eicosanoids, including prostaglandin E2, which has been linked to
carcinogenesis in studies of prostate and other tumors [122,123]. In contrast,
the anti-inflammatory CO-3 PUFAs, such as a -linolenic acid (ALA) 18:3,
eicosapentaenoic acid (EPA) 20:5, docosahexaenoic acid (DHA) 22:6 and
docosapentaenoic acid (DPA) 22:5,exhibit their anti-inflammatory properties by
inhibiting competitively the arachidonic acid cascade, mainly at the COX
pathway [124]. This inhibition reduces the production of pro-inflammatory
prostaglandins derived from arachidonic acid, potentially preventing their

carcinogenic effect. The long-chain CO-3 PUFAs, EPA, DPA and DHA, appear
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to be the most potent inhibitors of the COX inflammatory pathway. Furthermore,
PUFAs appear to be beneficial in the prevention and treatment of nhumerous
disease states, including cardiovascular diseases, neurodegenerative disorders
and cancer [125]. The role of inflammation in prostatic diseases is suggested by
the presence of inflammatory cells within the prostate in BPH and prostate
cancer patients and by the evidence that pro-inflammatory genotypes
predispose to prostate cancer [126,127,128] (figure 8). Histopathological
studies have confirmed that inflammation is much more common in the
transition and peripheral zones of the prostate, where BPH and prostate cancer
preferentially occur [129,130,131]. Inflammation is a complex phenomenon
consisting of a humoral (cytokines) and cellular (leukocytes, monocytes and
macrophages) components [123,132]. Inflammation is usually a self-limited
event, with an initial release of pro-inflammatory cytokines/growth factors and
angiogenesis, followed by an anti-inflammatory cytokine—mediated resolution
[133].

In normal tissues, anti-inflammatory cytokines are synchronically upregulated
after the pro-inflammatory cytokines are produced, leading to inflammation
resolution, while chronic inflammation, mainly consisting of chronically activated
T cells and mononuclear phagocytes, is based upon persistence of
inflammatory stimuli or a failure in mechanisms required to resolve
inflammation or both. This condition would result in a further release of
inflammatory cytokines and various growth factors and attract additional
immune cells to the inflammation site, thus amplifying the inflammatory

response [133,134].
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Figure 8. Inflammation in prostate carcinogenesis. Arrows: stimulates. Dashed lines: inhibits.
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Stromal-epithelial interaction plays a pivotal regulatory role in the maintenance
of homeostasis in healthy and diseased prostate [135,136]. In this context,
Antigen Presenting Cell (APCs)and the expression of the Toll-like receptor
(TLR) repertoire can produce pro-inflammatory cytokines and activate immune
responses [130,137,138,139]. Most BPH tissues show a strong expression of
TLR 4, 5, 7, and 9, whereas an increased expression of TLR 1, 2, and 3 is
observed in prostate cancer [140]. T-cells, along with prostatic stromal and
epithelial cells, secrete higher levels of pro-inflammatory cytokines, such as
interleukins (IL-1, IL-1a, IL-2, IL-4, IL-6, IL-7, IL-8, and IL-17), the CXC-type
chemokines and their receptors, in BPH and prostate cancer tissues when
compared to normal prostate tissues [135,137,141]. These cytokines are

thought to induce fibromuscular reaction and proliferation of prostatic stromal or
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epithelial cell through autocrine or paracrine loops or via induction of COX-2
expression [130,139,141-143]. IL-1laproduced by epithelial cells induces in turn
fibroblast growth factor-7 (FGF-7) in prostate stromal cells and this would result
in benign growth of the prostate. IL-17 up-regulates the secretion of other
proinflammatory cytokines, such as IL-8 and IL-6 as well as of TGF-B. IL-8 and
IL-6 are recognized as two potent growth factors for prostatic epithelial and
stromal cells, with IL-8 playing a major role in stromal proliferation by the
induction of FGF-2 [126,144]. BPH and prostate cancer show a distinct
expression of pro-inflammatory cytokines, with elevated IL-6 and IL-8 in cancer
as compared to BPH tissues [137,140]. In addition, IL-6 regulates prostate
tumor cell growth and activates androgen receptor-regulated genes in prostate
cancer cells in the absence of androgen [137].

Chronic inflammation continuously induces COX-2 [113,115,145,146] and
COX-2 in turn increases production of prostaglandin (PG) E2, concentrations of
Bcl-2 protein (the product of a pro-apoptotic gene), and reduces the E-cadherin
protein(with consequent loss of cell-to-cell adhesion). Overall, COX-2 favors the
appearance of a malignant phenotype through oxidation of pro-carcinogens to
carcinogens, increase of cell growth and decrease of apoptosis, reduction of
Immune response and over expression of matrix metalloproteinases with an
associated increase of invasiveness [126,147-149]. COX-2 is up-regulated in a
variety of malignancies including prostate cancer [145,150]. COX-2 over
expression has been reported also in in Prostatic Intraepithelial Neoplasia
(PIN)and poorly differentiated tumors [133,140,146,150].

Chronic inflammation also produces a free radical/oxidative stress, consisting of

inducible nitricoxide (i-NOS)/reactive nitric species (RNS) and various reactive
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oxygen species (ROS) [113,115,145,146,151]. This oxidative stress can induce
vascular damage, protein and genomic alterations, and post-translational
modifications, including those involved in DNA repair and apoptosis [113].
These may eventually lead to a variety of oxidative DNA damage, including
point mutations, deletions, or chromosomal rearrangements, resulting in
repetitive cycles of tissue damage and repair, release of cytokines and growth
factors and an increase of epithelial or stromal cell proliferation
[133,134,152,153]. Oxidative stress can also activate the transcription factor
NF-kB (nuclear factor kappa-light chain-enhancer of activated B cells) through
the TNFa/AP-ltransduction pathway and NIK transduction pathway.NF-kB is
known as a master inflammatory transcriptional regulator and is highly active in
macrophages. Targets of NFkB include genes regulating immune response,
inflammation, cell proliferation, cell migration, and apoptosis. The nuclear
translocation of NF-kB can activate target genes involved in carcinogenesis
[112,147]. Dysregulation of the transcription factor NF-kB has been proposed as
one putative molecular mechanism leading to chronic inflammation and
cancer.ThelL-1B3-induced NF-kB pattern of intraprostatic chemoattractive
signals might have the capability of maintaining the chronic inflammation and
proliferative inflammatory atrophy (PIA) in the prostate, which are recognized as
precursor lesions in the development of prostate cancer [154].

In the normal prostate, the transduction pathway from NIK/NF-kB seems to be
inactive. In BPH, there is an increasingly high TNF-a/AP-1 transduction
pathway, followed by a rise of apoptotic pathways to stop uncontrolled cell
proliferation. Conversely, in prostate cancer the pro-apoptotic effect of TNF-

a/AP-1 pathway decreases and Is accompanied by an increase of nuclear
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translocation of NFkB, resulting in the stimulation of prostate tumor cell growth
[112,134].

Another distinction between BPH and prostate cancer is gene polymorphism.
There is consisting evidence that BPH has only rare genetic abnormalities
[155]. Recently, multiple genes with regulatory roles in inflammatory pathways
have been associated with prostate cancer risk, including Ribonuclease
L(RNASEL), macrophage scavenger receptor 1 (MSR1),macrophage inhibitory
cytokine-1 (MIC-1), interleukins (IL-8, IL-10), vascular endothelial growth
factor(VEGF) and intercellular adhesion molecule (ICAM),ELAC2/HPC2,
Machropaghe Scavenger Receptor(SR-A/MSR1), CHEK2, Breast Cancer Gene
2 (BRCA2), Paraoxonase (PON) 1, 8-oxoguanine glycosylase (OGG-1), TLRs
and COX-2. Most of these genes are implicated in cellular responses against
inflammation andoxidative stress, and defects in their function may be
associated to an increased risk of developing prostate cancer
[146,155,156,157-160].

An increased production of inflammatory mediators seen visceral fat of the
obese reflects the ongoing chronic inflammation of the adipose tissue.
Proinflammatory cytokines are produced by the adipose stroma, as well as by
the adipocytes (Figures 6 and 7) [161]. Some studies have also found a positive
association between body mass index and advanced, aggressive and/or fatal
prostate cancer [162-164]. Adipose tissue produces the enzyme aromatase,
that presides over conversion of androgens into estrogens. As a consequence,
obesity is associated with lower total testosterone and higher estrogen levels
[164-166], which is a challenging concept in the association of prostate cancer

and obesity. It has been hypothesized that lower androgen concentrations may
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provide a microenvironment that favors and selects more aggressive and/or
androgen-independent tumor cells, indicating one potential mechanism by
which obesity may influence disease progression [165,166,168].Alternatively,
lower testosterone levels may represent a bystander effect of the metabolic
imbalance, which is one basis to prostate carcinogenesis [165], or the
association between obesity and prostate cancer could be masked by complex
and inverse relationships with other metabolic hormones such as leptin, insulin
and IGF-I [169]. However, the intraprostatic conversion of testosterone to the
bioactive tissue androgen 5a-dihydrotestosterone may be more influential in

prostate cancer development than androgens in the circulation [170].
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2. PURPOSE OF THE STUDY

Despite the recent advances in biotechnology have provided researchers with
unprecedented potential to attain a deeper understanding of the molecular
events leading to prostate cancer, this disease continues to be a significant
healthcare problem world-wide. Prostate cancer remains a major health
concern for the male population throughout the Western world. Several studies
have suggested the association of chronic inflammation and prostate cancer,
whereby prostatic inflammation may be responsible of and/or contribute to
prostate carcinogenesis and/or tumor progression. Furthermore, high levels of
endogenous sex steroids are considered as risk factors for prostate cancer.
Interestingly, it is clear that elevated estrogen in the presence of testosterone
results in a prostate-specific inflammatory response and that early inflammatory
events, induced by sex hormones, may serve as a prerequisite for the onset
of prostate cancer.

Human prostate cancer is generally considered a prototype of androgen-
dependent tumor; however, estrogen role in both normal and malignant prostate
appears to be equally important. The association between plasma androgens
and prostate cancer remains contradictory and mostly not compatible with the
androgen hypothesis. Apart from methodological problems, a major issue is to
what extent circulating hormones can be considered representative of their
intraprostatic levels.

This thesis is aimed to improve current knowledge on the mechanisms
underpinning prostate cancer development and progression, with special

emphasis on sex steroid (notably estrogen) mechanism(s) of action and
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metabolism in relation to the expression and activity of inflammatory enzymes
(COX). As the number of men afflicted by prostate cancer will continue to grow
with the aging population, finding new preventive strategies and innovative

therapeutic options for this disease is crucial.
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3. MATERIALS AND METHODS

3.1 Cell cultures treatments

The RWPE-1 (normal immortalized epithelial prostate cell line, expressing
androgen receptor), LNCaP (prostate tumor metastasis derived from left
supraclavicular lymph node, expressing androgen receptor) and PC-3 (prostate
tumor metastasis of grade IV derived from bone, androgen receptor negative),
were obtained from the American Type Culture Collection (ATCC, Virginia,
USA). RWPE-1 cells, were routinely grown and maintained in the Keratinocyte
Serum Free Medium (K-SFM) base medium added two additives required to
grow of this cell line, bovine pituitary extract (0.05 mg/ml BPE) and human
recombinant epidermal growth factor (5 ng/ml EGF), provided by Invitrogen
(GIBCO, Grand Island, NY). LNCaP and PC-3 cells were routinely grown and
maintained in RPMI medium containing 10% defined fetal bovine serum
(Hyclone, Salt Lake City, UT). To all medium was added 1% antibiotic-
antimycotic and 1% L-Glutamine (GIBCO, Grand Island, NY), and all cells were
grown at temperature of 37T in an atmosphere of 5% CO2 and 95% air.

Subconfluent cell monolayers were rinsed twice in PBS-A (NaCl 170 mM, KC1
3.4 mM, and Na,PO, 2 mM, pH 7.2), harvested and seeded at a confluence of
40%. Cells were left undisturbed for 24 h and then growth for 24h in phenol red-
free RPMI plus 10% charcoal treated-FCS (CT-FCS) and 1 nM 17B-estradiol
(E2) or 10 uM prostaglandin E2 (PGE2) (Sigma-Aldrich, St. Louis, MO), or 1 nM
E2 with or without 10 uM of SC-560 (Sigma-Aldrich, St. Louis, MO), a COX1

specific inhibitor, and/or 10 uM of NS-398 (Sigma-Aldrich, St. Louis, MO), a
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COX2 specific inhibitor for RT-PCR assay. All cells were grown at temperature

of 37T in an atmosphere of 5% CO2 and 95% air.

3.2 Prostate Tissues

Tissues from benign prostatic hyperplasia (BPH) or prostate cancer (PCa), were
obtained from patients undergoing surgical resection and/or biopsy procedures.
Written informed consent was obtained in all cases. Histologically BPH tissues
were obtained from patients (n = 10; mean age 58 years; range 51-65 years)
during biopsy procedures. Prostate cancer specimens were obtained from
patients (n = 10; mean age 53 years; range 48-58 years) during prostate
surgical resection. All tissue samples were collected immediately after surgery,

snap frozen in liquid nitrogen and stored at 80T u ntil analysis.

3.3 RNA extraction, reverse transcription and Polymerase Chain Reaction

Total RNA were isolated from cells or tissue samples using TRIzol reagent
according to the manufacturer’s instructions (Invitrogen, Carlsbad, California).
The extracted amounts of RNA were determined by measuring the absorbance
at 260 nm, and the RNA integrity was assessed by nondenaturating agarose gel
electrophoresis. All the RNAs were treated with RNase-free DNase | to remove
potential contamination of genomic DNA. The cDNAs were synthesized in the
presence of random hexamer-primer, using SuperScript Il reverse transcriptase

according to the manufacturer’s instructions (Invitrogen, Carlsbad, California).
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The PCR was conducted with a GeneAmp® PCR System 9700 (Applied
Biosystems). | used B-actin as internal standard for PCR analysis of estrogen
receptor alpha 66 (ERa66), estrogen receptor alpha 46 (ERa46), estrogen
receptor alpha 36 (ERa36), estrogen receptor beta 1 (ERB1), estrogen receptor
beta 2/Cx (ERB2/Cx), estrogen receptor beta 5 (ERP5), aromatase (Aro),
amphiregulin (AREG), ADAM metallopeptidase domain 17, also called tumor
necrosis factor-a-converting enzyme (TACE/ADAM17), cyclooxygenase-1
(COX-1), -cyclooxygenase-2 (COX-2) and epidermal growth factor
receptor (EGFR) genes. ERa and ERP genes were amplified with specific
primers for exclusive exons of each splice variant. Conventional amplification
was performed using 35 cycles at 95C for 30s, specific temperature of
annealing (51-62 <) for 45s, 72 for 45s, followe d by 72€C for 5 min
respectively. The SM-PCR analysis was performed, as previously reported
(171), a condition whereby PCR products accumulate exponentially and their
quantity increases in an mRNA-dependent manner. All PCR products were
analyzed by gel electrophoresis on 2% agarose gels with ethidium bromide
staining, followed by fluorescence digitization using the software “ImageJ
1.38X” (National Institutes of Health, USA). Expression level of each transcript
was quantified relative to p-actin expression level and expressed as arbitrary
units. Discrete cDNA bands were semiquantitated by digitized evaluation of
their optical density after subtraction of background. The results were
expressed as ratios of the intensity of the band of the investigated transcripts to
the intensity of the band used as internal standard. For semiquantitative
analysis of the amplified products, a suitable number of PCR cycles for each

gene and B-actin was determined so that it was within the exponential phase.
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Exponential regression equations fitted to the curves were used to calculate the
number of cycles necessary to reach a normalized intensity threshold value = 1
for each sample. The relative difference in abundance between two samples
was taken as 2" where n is the difference between the numbers of cycles
required by the samples to reach the threshold. Three different RNA
preparations from each experimental condition were pooled to make more
significant the differences between the expression levels, if any. Oligonucleotide
primer pairs were designed for human ERa66, ERa46, ERa36, ERB1, ERB2/CX,
ERB5, Aro, AREG, TACE/ADAM17, COX-1, COX-2 and EGFR genes, using
published literature or sequence information contained in the National Center
for Biotechnology Information GenBank database (see Table 1).
Oligonucleotide primers were tested using BLAST software to confirm gene

specificity and to determine exon locations.

Table 1. List of Primers for PCR

Gene Sequence (5°-3°) Exon Localization (bp) Accession no.
ERG0 TG AT GOT GOAGTG GTT 6 1082-1093 NM000125
ERaD 0l CeTTOC AGC COT CAC AGG AG Fomrses NM000123
ERA30 o CAGAG GCT TTA GAG ACG AGG A 1175 1184 BX640939
ERBL  [2/AGG GG GGA TIG AGC ATG T0G f594 1574 ABOOGSS0
e T T e o w1047
AREG 1L SIC GAA OTT TCT TTC T COTCAG so7-ota NMoo1657
mE G SR e woraeres
coxt  lmASACACCIACOASCASTICT IOt resie wsoero
conz M ACTECTOM S g2 e Moo1os
EGR o AGC GOTAM TGO GAGGO6 G 1500 1362 NM201262
Aro fov-GAT OAT TTG GAG GAT GTT 1T 12211202 M1g856
At SO CACAGT OTG GGT GAG s76-559 NMoo1101
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3.4 Immunocytochemistry

For immunocytochemistry staining, 1 x 10> of both nontumoral and tumoral
prostate cell lines were grown directly on slide cover glass. The cover glass was
removed when the cells covered 80% of the slide. After, the cells were fixed in
4% formalin for 15 min at 4C and rinsed twice in 1 x phosphate-buffered saline
(PBS, pH 7.4) for 5 min each. Endogenous peroxidase activity was removed by
incubation in 3% hydrogen peroxide and non specific binding was blocked by
incubation in “Novocastra™ Protein Block” (NovoLink™ Polymer Kit,
Novocastra Laboratories, Newcastle, UK) for 5 minutes at room temperature.
Primary antibodies used included: (a) a mouse anti-hERa (clone F-10)
monoclonal antibody epitope mapping at the C-terminus of estrogen receptor
alpha of human origin (dilution 1:50, Santa Cruz Biotechnology, San Diego,
CA); (b) a goat anti-hER[B (clone L-20) polyclonal antibody directed against a
peptide mapping near the C-terminus of estrogen receptor beta of human origin
(dilution 1:50, Santa Cruz Biotechnology, San Diego, CA). The slides were
incubated with diluted primary antibody for 16h at 4C. Secondary HRP-
coniugated antibody (NovoLink™ Polymer Kit) was added to slides for 30 min at
room temperature and specific staining was identified following incubation with
a solution of the chromogenic peroxidase substrate, diaminobenzidine
(DAB)/hydrogen peroxide for 4 minutes. Slides were counterstained with 0.02%
hematoxylin, followed by successive dehydration in ethanol and xylene before
mounting of coverslips. Quantitative image analysis was performed using a
Leica computerized image analysis system with a Qwin software (Leica Imaging
System Ltd. Cambridge, England). Quantification of immunostaining was

performed on digitized images representing at least 10 randomly selected fields
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for each sample. The proportion (%) of positive stain was calculated as the ratio
of the total area of positively stained cells over the total area of cell nuclei using

a color discrimination software.

3.5 Androgen and estrogen incubation, steroid extraction and

chromatographic analysis

Cell or tissue cultures were washed twice with phosphate-buffered saline
(PBS)-A and incubated for 24 h in FCS-free phenol red-free RPMI medium
containing 1 nM tritiated androgen ([1,2,6,7-3H(N)]-testosterone, S.A. 92.4
Ci/mmol, or [1,2,6,7-3H(N)]-androstenedione, S.A. 84.5 Ci/mmol; DuPont de
Nemours Italiana SpA, Milan, Italy), or 2 pCi mi™* tritiated estrogen ([6,7->H(N)]-
E2) as precursor. For cultured cells, following incubation medium was

transferred to plastic tubes and stored at —-80 -C until analysis. As far as tissue

cultures are concerned, minced tissues were resuspended in the incubation
medium, transferred to a plastic tube and centrifuged at 2000 rpm for 5 minutes.
The resulting pellet was gently homogenized using a glass-glass
Douncehomogenizer (Kontes Co., Vineland, NJ) in 3ml of PBS, while the
supernatant (incubation medium) was transferred to a separate tube. Both the

homogenate and the medium were stored at -80 -C until steroid extraction.

Medium and cells were therefore processed as described below.

Steroid extraction was carried out on the incubation medium, since we have
previously shown it contains proportionally greater amounts of radioactive
steroids than those found in both cell and tissue homogenates. Extraction of

steroids was performed with SPE method in Vac-Elut apparatus using C18
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cartridges on 1ml aliquots of medium. Briefly, two fractions were collected: in
the first, conjugate (sulfate and glucuronide) steroids were eluted using water—
methanol solution (60:40, v/v); in the second, the free (unbound) steroids were
eluted using water—methanol solution (15:85, v/v). The two fractions were dried
in a SVC100H Speed Vac evaporator-concentrator (Savant Instruments Inc,
Farmigdale, NY) and conjugate steroids were hydrolized at 37 C for 18 h, in
1ml of a solution consisting of 970 pl of 0.2M acetate buffer (pH 5.0) and 30 pl
of Glusulase enzyme mixture (duPont Co, Wilmingon, DE). The hydrolyzed
steroids were extracted again with SPE method using ethylacetate and
evaporated to dryness, as described above. Both free and conjugate steroids
were analyzed in RP-HPLC using a Beckman 324 model HPLC system
equipped with an UV detector set at 280 nm, and an on line Flo-One/beta
(500TR Series) three-channelflow scintillation analyzer (Packard Instrument Co,
Meriden, CT). Steroids were eluted under isocratic conditions using a
Ultrasphere ODS column (250x4.6 1.D.mm) and an optimized mobile phase
consisting of acetonitrile: tetrahydrofuran: 0.05 M citric acid (39: 6: 55, v/v/v) at
a flow rate of 1ml/min. Radiometric detection was performed using a 1 ml flow
cell and Ultima-Flo-M (Camberra-Packard) scintillation mixture at flow rate of
4ml/min. Routine data integration was achieved by the Flo-One radio-HPLC
workstation software package (Packard) and computed in net cpm, after

correction for both residence time and background subtraction.
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3.6 Cell proliferation assay

The MTS assay (CellTiter 96® AQueous One Solution Cell Proliferation Assay,
Promega Corporation, Madison, USA) was used to measure cell proliferation or
viability in cultures. Cells were seeded at a confluence of 30% in 96-well
microplates and then growth for 24h in phenol red-free RPMI plus 10% charcoal
treated-FCS (CT-FCS) and 1 nM 1783-estradiol (E2) or 10 uM prostaglandin E2
(PGE2), or 1 nM E2 with or without 10 pug/ml of genistein or resveratrol (Sigma-
Aldrich, St. Louis, MO), or 1 nM E2 with or without 2 pg/ml of amphiregulin
antibody (R&D Systems, Minneapolis, USA), or 50 nM of amphiregulin protein
(Sigma-Aldrich, St. Louis, MO). In brief, the MTS tetrazolium compound
(Owen’s reagent) is bioreduced by cells into a colored formazan product that is
soluble in tissue culture medium. This conversion is presumably accomplished
by NADPH or NADH produced by dehydrogenase enzymes in metabolically
active cells. Assays are performed by adding a small amount of the CellTiter
96® AQueous One Solution Reagent directly to culture wells, incubating for 1-4
hours and then recording the absorbance at 490nm with a 96-well plate reader.
The quantity of formazan product as measured by the absorbance at 490nm is
directly proportional to the number of living cells in culture. All cells were grown
at temperature of 37 in an atmosphere of 5% CO2 and 95% air. Control cells
received vehicle (0.1% ethanol) only and all experiments were performed in
triplicates. Cell having a narrow range of passage number were used for all

experiments.
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3.7 Cell differentiation

Growth factor-reduced Matrigel (BD Biosciences, San Jose) was placed in the
well of a pre-chilled 6-well cell culture plate and incubated at 37<C for 1 hr to
allow polymerization. RWPE-1, LNCaP and PC-3 cells, at concentrations of
4x10% per well, were plated into the growth factor-reduced Matrigel coated
wells, and incubated at 37C in 5% CO2 in the conditioned media with or
without 1 nM 17B-estradiol (E2). After 48-72 h incubation, the plates were
photographed. Tube formation was quantified by counting the number of
connected cells in five randomly selected fields at x200 magnification. All

experiments were performed in triplicates.

3.8 Statistics

The data were expressed as mean + SD. Analyses were performed using
computerized statistical software with the ANOVA test. When ANOVA revealed
P<0,05 the data were further analyzed by Dunnet's t-tests. Differences were

considered statistically significant at P < 0,05.

40



4. RESULTS

4.1 Expression of ERa and ERP wild-type and splicing variants in

nontumoral and malignant human prostate cell lines

The expression of ERa and ERB mRNA, was investigated using an exon-
specific RT-PCR analysis on a panel of nontumoral (RWPE-1) and malignant

(LNCaP and PC-3) prostate epithelial cell lines.
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Figure 9. Expression of ERa and ERB wild-type and splicing variants mRNA in nontumoral
(RWPE-1) and malignant (LNCaP and PC-3) prostate epithelial cell lines.

In particular, ERa mRNA expression was inspected using RT-PCR with primer
sequences located within regions A/B (exon 1) and D (exon 4) for ERa66 (wild-
type mRNA), within promoter F and region C (exon 2) for ERa46mRNA and
within region C (exon 2) and an additional region (exon 9) for ERa36 mRNA.
Using ERa66-specific primers, the PCR product was revealed only in RWPE-1,

while no ERa66 could be detected in LNCaP and PC-3 cell lines. ERa46 was
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expressed both RWPE-1 and LNCaP, but not in PC3. Interestingly, ERa36
appeared to be inversely related to ERa66 expression, with very low levels in
RWPE-1 cell line, intermediate levels in LNCaP cells, and high levels in PC-3
cells. ERp mRNA expression was inspected using RT-PCR with primer
sequences located within exon 7 and exon 8 for ERB1 (wild-type mRNA),
within exon 7 and an additional region exon Cx for ERB2/Cx mRNA, within
exon 7 and an additional region exon B5 for ERB5 mMRNA. The expression
pattern of ER[3 isoforms is rather variable, with ERB5 being not expressed in
RWPE-1 cells only, while PC-3 cells express high levels of all ERB isoforms
(Figure 9). The expression of ERa and ERf isoforms was also determined at
protein level using immunocytochemistry assay (ICA) on cells grown directly on
glass slides. Overall, data of ICA were largely in accordance to what observed
using RT-PCR analysis. In particular, using an antibody directed against a C-
terminus epitope of ERa, shared by both ERa66 and ERa46 protein, but
absent in ERa36 protein, ERa66 was detected in both RWPE-1 and LNCaP
cells, while no ERa66 protein could be revealed in PC-3 cells. ERB protein was

expressed ubiquitously in all the cell lines tested (Figure 10).
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Figure 10. Expression of ERa and ER[ protein in nontumoral (RWPE-1) and malignant (LNCaP
and PC-3) prostate epithelial cell lines.
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4.2 Expression of aromatase, amphiregulin, TACE/ADAM17 and COX 1/2

in nontumoral and malignant human prostate cell lines

The expression of aromatase (Aro), amphiregulin (AREG), TACE/ADAM17,
COX1 and COX2, was investigated using RT-PCR analysis in RWPE-1,
LNCaP and PC-3 prostate epithelial cell lines. Aro expression levels
corresponded to those of chromatographic analysis of aromatase activity,
being very low or undetectable in all cell lines tested. AREG was detected only
in PC-3 cells, while TACE/ADAM17 and COX1 were ubiquitously present in all

cell lines. No COX 2 could be detected in LNCaP cells (figure 11).

Human Prostate Cell Lines
RWPE1 LNCaP PC3

Figure 11. Expression of Aro, AREG, TACE, COX1 and COX2 mRNA in nontumoral (RWPE-1) and
malignant (LNCaP and PC-3) prostate epithelial cell lines.
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4.3 Effects of estradiol and prostaglandin E2 on the expression of Aro,
AREG, TACE/ADAM17 and COX1/2 in nontumoral and malignant

human prostate cell lines

The potential effect of both E2 and PGE2 on the expression of Aro, AREG,
TACE/ADAM17, COX1 and COX2 genes was scrutinized in RWPE-1, LNCaP
and PC-3 prostate epithelial cell lines. Treatment of cells with 1 nM E2 resulted
in the up-regulation of all genes tested except COX-1. In particular, Aro and
AREG mRNA were induced 3,2 fold and 5,1 fold respectively in PC-3cells.
Interestingly, E2 induced aromatase expression also in Aro-negative LNCaP
cells, suggesting that transcriptional activity of this gene remains potentially
inducible. After E2 treatment, TACE/ADAM17 mRNA was 1,9 fold, 2,3 fold and
2,7 fold greater than in control in RWPE-1, LNCaP and PC-3 cells,
respectively. COX-2 expression was up-regulated as well by E2, with
expression levels 2,5 fold and 2,9 fold higher than in control in RWPE-1

andPC-3 cells, respectively (figure 12).

Human Prostate Cell Lines
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Figure 12. Expression of Aro, AREG, TACE, COX-1 and COX-2 mRNA after 1 nM estradiol (E2)
treatment in nontumoral (RWPE-1) and malignant (LNCaP and PC-3) prostate epithelial cell lines.
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Interestingly, also PGE2 was able to induce Aro expression in both PC-3 cells

(3-fold) and Aro-negative LNCaP cells (Figure 13).
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Figure 13. Expression of Aro after 10 uM prostaglandin E2 (PGE2) treatment in nontumoral
(RWPE-1) and malignant (LNCaP and PC-3) prostate epithelial cell lines.

In addition, the use of specific COX-1/2 inhibitor (SC-560, a COX-1 inhibitor
and NS-398, a COX-2 inhibitor),resulted in a decrease or in the abrogation of
the E2-induced Aro expression in LNCaP and PC3 cells, suggesting that both
COX1/2-dependent and -independent effects of SC-560 and NS-398 could be
implicated in the regulation of Aro expression in human epithelial prostate

cancer cells (Figure 14).
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Figure 14. Expression of Aro after 1 nM estradiol (E2) treatment, with or without 10 uM SC-560
or NS-398, in LNCaP and PC-3 prostate cancer cell lines.
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Lastly, aiming to evaluate the potential role of E2 on EGFR-axis in PC-3 cells,
this cell line was treated with 1 nM E2 or 10 uM PGE2, and the potential
effects on AREG, TACE/ADAM17 and EGFR expression were evaluated. PC-3
cells express significant amounts of epidermal growth factor receptor; E2
induced both AREG (5.1-fold) and TACE (2.7-fold), suggesting that estrogen is
potentially able to trigger EGFR through the activation of expression/function of

AREG (Figure 15).

PC3 PC3

c E2 c PGE2
pacin AT | | pon
i 5.1 1 3.9

PC3

c E2 —
AL — | — ] -
1 2.7

Figure 15. Expression of AREG, TACE and EGFR with or without 1 nM of estradiol (E2) treatment
or 10 uM PGE2 treatment in PC-3 prostate cancer cell line.
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4.4 Androgen and estrogen metabolism in nontumoral and malignant

human prostate cell lines

Overall, data from in vitro studies reveal that activities of steroid enzymes,
including aromatase, sulfotransferase, sulfatase, glucuronil-transferase, 17[3-
HSDand 5a-reductases, are markedly divergent in nontumoral (RWPE-1) and
malignant (LNCaP and PC-3) human prostate epithelial cell lines. Results of
24h incubation of cells with either testosterone (T) or estradiol (E2) as androgen
or estrogen precursor, are reported in Figure 16. In the first place, only PC-3
cell line shows a remarkable androgen metabolism, with on average only 1.9%
testosterone remaining unconverted after incubation. By contrast, after 24h
incubation with T in RWPE-1 and LNCaP cells, only a limited androgen
metabolism was observed, with an average of 92% and 93% T remaining
unconverted after incubation, respectively. This different metabolic aptitude is
reflected in the prevalence of reductive metabolism in RWPE-1 and LNCaP
androgen-responsive cells, while oxidative pathways are largely dominant in
PC3 androgen-refractory cells. Also, only RWPE-1 produced quantifiable
amounts (around 4,7%) of the biologically active androgen DHT and only PC-3
cell line showed a significant 5a-reductase activity, accounting on average for
28% of all androgen metabolites. Aromatase activity could not be detected in
any of the cell lines tested. Interestingly, RWPE-1 cells, incubated for 24h with
E2, gave rise to 75% estradiol-sulfate formation, while PC-3 cells produced
33,5% estrone (E1), 8% estradiol sulfate and 27% estrone sulfate. No E2
metabolism was observed in LNCaP cells showing instead a massive (97%)

activity of the glucuronil-transferase enzyme when incubated with T (Figure 16).
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Figure 16. Androgen an Estrogen metabolism in nontumoral (RWPE-1) and malignant (LNCaP and
PC-3) prostate epithelial cell lines after 24 h incubation with 1 nM tritiated testosterone (T) and 1
nM tritiated estradiol (E2). Data represent mean *SD values of conversion rates (% conversion)
from triplicate experiments.

4.5 Androgen and estrogen metabolism in benign prostatic hyperplasia

and prostate cancer tissues

Patterns of androgen metabolism were also investigated in minced prostate
tissue samples, under exactly the same experimental conditions used for in vitro
studies. These studies were conducted on a series of hyperplasic (BPH) and
malignant human prostate tissues. As reported in Figure 17, both BPH and
cancer tissues exhibited a significant proportion of T conversion into
dihydrotestosterone (DHT) and 3a/3[B-diols (biologically active androgen
metabolites), with an average of 69% and 89% respectively. Overall, the
formation of 5a-androstanedione (50Ad) and androsterone (A) was limited to
20% and 5% in BPH and cancer, respectively (Figure 17). Both BPH and
prostate cancer specimens did not exhibit detectable amounts of estrogen

and/or intermediate products of the aromatase enzyme (data not shown).
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Figure 17. Androgen metabolism in hyperplasic (BPH) and malignant (PCa) human prostate
tissues after 24h incubation with 1 nM tritiated testosterone (T).Data represent mean +SD values
of conversion rates (% conversion) from triplicate experiments.

Interestingly, when androgen metabolism was investigated in separate epithelial
and stromal cell of BPH, aromatase activity was present in stromal cells only,
with a 3.6% E1 production (data not shown). In addition, results obtained in
from primary cultures of stromal and epithelial cells from BPH tissues revealed
a prevalent oxidative androgen metabolism, leading to the formation of 17keto

androgen metabolites in either cell type (Figure 18).
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Figure 18. Androgen metabolism in BPH tissue vs primary cultures of stromal and ephitelial cells
derived from BPH. BPH tissues and their epithelial and stromal cells were incubated for 24h with 1

nM tritiated testosterone (T). Data represent mean +SD values of conversion rates (% conversion)
from triplicate experiments.
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4.6 Growth effects of estradiol, Genistein and Resveratrol on nontumoral

and malignant human prostate cell lines

To establish the effect of estradiol, genistein and resveratrol on cell proliferation
of epithelial prostate cells with different ER status, a series of experiments were
conducted on RWPE-1, LNCaP and PC3 prostate epithelial cell lines. RWPE-1
cells, which express all the ERa and ER[P splice variants except ERpS5,
displayed a significant induction of growth with E2 (78%), with E2 plus genistein
(25%) and E2 plus resveratrol (51%). Resveratrol alone induced a nearly 20%
growth increase in RWPE-1 cells, while genistein and genistein plus resveratrol
inhibited growth of RWPE-1 cells respectively by 18% and 17%. A
corresponding figure was observed in LNCaP cells, that express all ERa and
ERpB splice variants except ERa66 (E2=+37%; E2 and genistein=+3%; E2 and
resveratrol=+21%; resveratrol=+18%; genistein and resveratrol=-49%), while all
treatment inhibit cell proliferation in PC-3 cells, expressing only ERa36 mRNA
and all ERB splice variant mRNA tested (E2=-15%; genistein=-42%;
resveratrol=-52%; E2 and genistein=-23%; E2 and resveratrol=-4%; genistein
and resveratrol=-58%). These effects were observed after 24h exposure to
concentrations of 1nM estradiol, 10 pg/migenistein and 10 pg/ml resveratrol

(Figure 19).

4.7 Growth effects of estradiol, AREG and PGE2 on nontumoral and
malignant human prostate cell lines

Measurement of cell proliferation showed that growth of RWPE-1 cells was

stimulated by 1 nM E2 (65%), while non significant proliferative effects were
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observed after exposure to AREG (50 nM) and PGE2 (10 uM) slightly induced

cell proliferation (17%).

RWPE1

Figure 19. Effect of estradiol (1 nM), genistein (10 pg/ml) and resveratrol (10 pg/ml) on cell
proliferation of nontumoral (RWPE-1) and tumoral (LNCaP and PC3) epithelial prostate cell lines.
All experiments were conducted in triplicate.

E2 increased cell growth also in LNCaP cells and this effect could be abrogated
by the addition of a neutralizing antibody (2 pug/ml) directed against AREG. A
comparable effect was observed when LNCaP cells were treated with AREG
along with an anti-AREG antibody, while AREG alone induced a 30% increase
of LNCaP cell growth. On the contrary, PGE2 induced LNCaP cell proliferation
only limitedly (8%). Lastly, PC-3 cells, that express high levels of EGFR,
showed an increase (63%) of their proliferative activity in response to AREG.
Once again, this effect could be abolished after addition of neutralizing antibody
anti-AREG. In this cell line, PGE2 induced a significant increase of cell

proliferation (43%) (Figure 20).
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Figure 20. Effect of estradiol (1 nM), amphiregulin protein (50 nM) prostaglandin E2 (10 uM)
genistein (10 pg/ml) and amphiregulin antibody (2 pg/ml) on cell proliferation of nontumoral
(RWPE-1) and malignant (LNCaP and PC3) epithelial prostate cell lines. All experiments were
conducted in triplicate.

4.8 Effects of estradiol on differentiation of nontumoral and malignant

human prostate cell lines

The potential of E2 to sustain glandular (acini) formation of nontumoral (RWPE-
1) and malignant (LNCaP and PC-3) prostate epithelial cell lines was assessed
in a differentiating environment (Matrigel). This condition, normally, induce cell
lines to self-organize in athree-dimensional tubular network wherein cells are
arranged in aduct-like pattern around a central space (differentiation process).
Significant differences were observed in the patterns of duct-like structures of
the three cell lines after 2-3 days in culture. Interestingly enough, only RWPE-1
after E2 showed the formation of “branching end buds” or “ductular-alveolar
outgrowths”, while neither control (untreated) RWPE-1 cells, nor the other two
cells lines (LNCaP, PC-3 cells), under any condition, produced this kind of
three-dimensional process. Treatment with 1 nM E2 increased growth in LNCaP

and PC-3 cells, but failed to induce any differentiation, independent of the
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presence or absence of E2 (Figure 21). To better dissect the E2 role in the
regulation of ductal-alveolar morphogenesis, no sera and only phenol red-free

media were used.

RWPE-1 LNCaP PC3

WithE2 Without E2 WithE2 Without E2 WithE2

Figure 21. Effect of 1 nM estradiol (E2) on differentiation of nontumoral (RWPE-1) and malignant
(LNCaP and PC3) epithelial prostate cell lines.
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5. DISCUSSION

While androgens have been historically considered male hormones and the
sole responsible for both normal and malignant prostate growth, sex steroids
exert similar, yet different, effects in the prostate, and it is becoming clear that a
finely tuned balance between estrogen effects mediated by ERa and ER, is
required for the maintenance of prostate health. The action of estrogens is
complex, having both adverse and beneficial roles via ERa and ER(P
respectively. The present study indicates that estradiol is an important factor to
induce differentiation only in nontumoral RWPE-1 prostate cells, while estradiol
regulates cell proliferation in LNCaP and PC3 prostate cancer cells. The
adverse effects, namely malignant transformation, aberrant cell proliferation,
and chronic inflammation, all seemingly require the presence and activity of
ERa, providing a rationale for the use of ERa-specific antagonists in the
chemoprevention of human prostate cancer. Conversely, ERB appears to
promote beneficial effects by antagonizing the carcinogenetic process and
preventing the development of hyperplastic lesions and inflammatory response,
thus providing the rationale for the use of ERB agonists as a therapeutic option
for both BPH and prostate cancer [172]. Although the beneficial effects of
modulating estrogen receptor activity as a target for treatment of prostate
diseases have been demonstrated by several studies in vitro and in animal
model systems, the translation of this information into potential therapeutic
applications, particularly for prostate cancer, is likely to be highly challenging.
This complication lies in a number of factors. In the first place, ER expression

is variable and appears to be down-regulated or even silenced during prostate
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cancer progression. In addition, little is known about the expression and/or
function of the ER splice variants, gene mutations, ligand-dependent and
independent receptor activation and the role of genomic versus non-genomic
signaling in various target tissues and cells [49,56,173,174]. Despite this
complexity, there is significant potential for the use of targeted ER therapies in
prostate diseases and this clearly warrants further investigation.

Overall, the potential role played by estrogens in the neoplastic transformation
of prostate epithelial cells, as well as in prostate cancer progression remains
controversial. Exposure of humans or rodents to estrogens generally induces a
proliferative lesion, called squamous metaplasia, in their prostates [175-177],
whereas prolonged treatment of rats with androgen plus estrogen causes a high
incidence of prostate cancer lesions in the dorsolateral prostates of the treated
animals [178-180]. Paradoxically, diethylstilbestrol, tamoxifen, and other
estrogenic drugs have been used as treatment for advanced, metastatic
prostate cancer [181-186]. Other than acting as chemical castration agents,
both estrogens and antiestrogens are believed to exert direct growth-inhibitory
effects on prostatic cancer cells via the induction of apoptosis or cell cycle
arrest [187-190]. Precisely how estrogens/antiestrogens elicit these actions
remains uncertain. Traditionally, the activities of estrogens/antiestrogens are
thought to be mediated via the classical pathways, namely by binding to ER
localized in the stromal compartment and basal epithelial cells of human and
rodent prostates [191-194]. Because ERa is not expressed in the normal
glandular epithelium of rat or human prostate [188,192-194], it is generally
believed that the effects of estrogen/antiestrogen on normal prostate epithelial

cells are indirect, presumably mediated via estrogen-induced stromal factors.
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Results of the present study reveal that amphiregulin (AREG), a EGF-like
growth factor, is expressed and induced by both E2 and PGE2 in PC3 cell line.
In addition, E2 is also able to induce TACE/ADAM17 (a transmembrane
proteolytic enzyme that produces the bioactive forms of AREG) in RWPE-1,
LNCaP and PC3 cells. In this respect, AREG may be considered an estrogen-
regulated factor that could mediate estrogen stimulation of cell proliferation via
the activation of EGFR signaling.

After the discovery of ERP [195] and its localization to the epithelial
compartment of rodent prostates [196], a distinct possibility has been raised that
estrogen/antiestrogen could affect prostate epithelial cells function via an ER(
signaling pathway. Although some author [192] has evaluated the expression of
ERP transcripts and proteins in human prostate and found undetectable levels
in both normal and diseased tissues, this study unequivocally demonstrates the
expression of wild-type ERB and its splicing variants ERB2/Cx and ER[5 in
nontumoral RWPE-1 and malignant LNCaP and PC3 epithelial prostate cells.
Several investigators have detected ERa expression in human prostate cancer
cell lines, including LNCaP, PC-3, and DU-145 cells [72,73], whereas others
did not [197]. Reports on ERa expression in prostate cancer specimens were
equally controversial. Bonkhoff et al. [192] reported that ERa expression was
infrequent in low-to-moderate grade prostatic adenocarcinomas, but common in
high-grade and metastatic cancers. Conversely, Konishi et al. [198] revealed
ERa immunopositivity in well-differentiated adenocarcinomas, but not in poorly
differentiated prostate tumors. This issue becomes even more intricate when
the expression pattern of ER is taken into consideration. Additionally, several

variants of ERa are often found to coexist with the wild-type transcript in normal
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and malignant prostate tissues [50]. These variants, produced by alternative
splicing, are whole exon variants that may have “outlaw functions”. In the
current study, wild-type ERa66 was expressed only in RWPE-1, while no
ERa66 could be detected in LNCaP and PC-3 cell lines. ERa46 was expressed
both RWPE-1 and LNCaP, while no expression was observed in PC3 cells.
Intriguingly, ERa36 appeared to be inversely related to ERa66 expression, with
very low levels in nontumoral RWPE-1 cells, intermediate levels in hormone-
responsive LNCaP cells and high levels in androgen-refractory PC-3 cancer
cells. The expression pattern of ER[ isoforms was rather variable with RWPE-1
cells only expressing no ERB5 and PC-3 expressing high levels of all ERB
isoforms studied. This complex framework implies that, to understand the role
played by ER-mediated signaling in prostate carcinogenesis, an accurate
assessment of both wild-type and variants ERs should be conducted comparing
normal and cancerous prostate gland. As a matter of fact, this study clearly
indicates that diverse ER ligands can have distinct effects on the proliferative
activity of prostate epithelial cells. Estradiol alone and estradiol plus genistein or
estradiol plus resveratrol all induced a significant increase of cell proliferation in
RWPE-1 cells, that express all ERa and ERB isoforms, except ERB5 and in
LNCaP cells that express all ERa and ERP isoforms, except ERa66. In these
two cell lines, resveratrol alone stimulated, while genistein and genistein plus
resveratrol reduced prostate cell growth. Conversely, all treatment inhibited cell
proliferation in androgen-resistant PC-3 cells that express only ERa36 and all
ERP splice variants.

Steroid hormones play a significant role in growth and function of the normal

prostate as well as in the development of BPH. Although serum estrogen levels
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are low in healthy men [200], intraprostatic E2 levels increase in men with age
and this increase is accompanied by the rise in the prostate volume [201,202].
Estrogens are synthesized from androgens through the aromatase enzyme and,
therefore, an increased expression/activity of aromatase disrupts the balance of
estrogen/androgen in the prostate. Many studies have detected aromatase
expression and function in human prostate respectively using RT-PCR and
biochemical assay of potential enzyme activity [26,43,47]. Estrogen levels in the
stromal compartment of BPH increases with age [24] and this increase has
been associated with an elevated expression of aromatase in prostatic stromal
cells, especially around hyperplastic glands of BPH patients [199]. Recent
studies have reported that PGE2 up-regulates aromatase expression in breast
cancer [203], endometriosis and uterine leiomyomata [204]. COX-2 is a key
enzyme in PGE2 biosyntheses. In this work, using RT-PCR, an E2-inducible
COX-2 expression was observed in RWPE-1 and PC3 cells, while no COX-2
could be detected in LNCaP cells. Aromatase expression was very low or
undetectable in all cell lines tested (RWPE-1, LNCaP and PC-3 cell lines) and
this evidence was confirmed by chromatographic analysis of Aro activity.
Treatments with 1 nM E2 resulted in the up-regulation of Aro expression in Aro-
negative LNCaP and PC3 cells. Interestingly, PGE2 was also able to induce Aro
expression in the two cell lines. In addition, the use of specific COX 1/2 inhibitor,
SC-560 or NS-398, resulted in a decrease or in the abrogation of the E2-
induced Aro expression, suggesting that both COX1/2-dependent and
independent effects of SC-560 and NS-398 could be implicated in the regulation
of Aro expression in human prostate cancer cells. Furthermore, when androgen

metabolism was investigated in separate epithelial and stromal cells from BPH,
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aromatase activity was present only in stromal cells. It is conceivable that in the
prostate of elderly men, characterized by an inflammatory environment,
increased aromatase expression would eventually led to locally elevated
estrogen that could in turn stimulate proliferative activity of prostate epithelial
cells in a paracrine fashion.

The assessment of androgen and estrogen metabolism revealed that distinct
metabolic patterns of both estrogen and androgen are encountered in cultured
nontumoral and malignant human prostate epithelial cells and that this different
metabolic aptitude is reflected in the prevalence of reductive metabolism in
nontumoral (RWPE-1) and cancer (LNCaP) androgen-responsive cells, while
oxidative pathways are largely prevalent in neoplastic, androgen-refractory cells
(PC3). Furthermore, different enzyme activities, including 17p-hydroxysteroid
dehydrogenases (HSDs), sulfotransferase/sulfatase and glucuronil-transferase,
appear to be significantly associated with steroid receptor status. In vivo studies
conducted using exactly the same experimental conditions have revealed that
both BPH and prostate cancer tissues exhibit a predominantly reductive
androgen metabolism, eventually leading to the formation of large amounts of
bioactive androgen derivatives (DHT, diols), though reductive metabolism was
remarkably higher in cancer than in BPH tissues. However, results from primary
cultures of stromal and epithelial cells separated from BPH tissues showed a
dominant oxidative androgen metabolism, leading to the formation of 17keto
androgen metabolites in both cell compartments. This combined evidence
suggests that bioactive androgens are being actively produced in both BPH and
prostate cancer tissues and that stromal-epithelial interaction appears to be

crucial in determining the ultimate androgen metabolic pathways.
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In summary, this study indicates that human nonmalignant prostate epithelial
cells express exclusively wild-type ERa66 and that, hence, estrogen are likely to
regulate growth and function of these target cells via a receptor-mediated
signaling. On the contrary, prostate cancer cells exhibit a variable pattern of ER
expression and, therefore, their response to estrogen or antiestrogen depends
upon the differential expression of individual ER subtype(s). Overall, data from
this study support to the conception that ER splice variant may play a central
role in estrogen/antiestrogen signaling in normal and malignant human prostate.
In addition, the evidence presented herein suggests that, in an inflammatory
environment, prostate epithelial cells may potentially induce stromal aromatase
through the secretion of PGE2 and aromatase overexpression could in turn lead
to locally elevated E2. This latter, on one hand, induces directly COX-2, which
produces high concentrations of PGE2, generating a vicious-circle. On the other
hand E2 increases AREG synthesis/shedding, creating a rapid, nongenomic
mechanism that ultimately leads to stimulate cell proliferation through activation
of EGFR signaling. This mechanism could be triggered by either ligand-

dependent or —independent stimuli (figure 22).
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Figure 22. Estrogen signaling mechanisms in human prostate. Modified from Gail P Risbridger et

al 2007.
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6. CONCLUSIONS

In spite of the recent, significant advances in the research on prostate cancer,
mechanisms underpinning development and progression of the malignant
prostate remain undefined. Several networked factors, including the balance of
estrogen and androgen, changes and polymorphisms in the enzymes
responsible for the biosynthesis and transformation of intraprostatic hormones,
alteration of hormone signaling or local balance between estrogen receptor
types and variants, may all be markedly affected by lifestyle factors (notably
diet), genetic determinant and exposure to environmental chemicals. Presently,
the lasting conception that androgens are the key determinants in prostate
carcinogenesis and tumor progression appears to be a never-ending
persuasion that has, faultily led to neglect different areas of research with
promising perspectives for both treatment and prevention of this disease. In
particular, steroid enzyme inhibitors [205], as well as ER subtype selective
agonists/antagonists or SERMs [206,207], have been in turn proposed as
potential agents for both chemoprevention and treatment of prostate cancer. In
a review, Williams [208] proposes that several distinct factors may significantly
affect hormone balance in the organism, including up-regulation of the P450
aromatase enzyme and the resulting unopposed excess of endogenous
estrogen, alteration of insulin receptor machinery and leptins, exposure to
elevated environmental xenoestrogens. This unbalanced hormonal milieu may
represent a common condition for development of life-threatening diseases,
including, diabetes, obesity, Alzheimer's disease and many type of cancer

including prostate.
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The evidence presented in this work strongly supports the concept that, likewise
for breast cancer, changes in aromatase expression and/or activity can be
important for development and/or progression of human prostatic carcinoma
and that locally elevated estrogen may have a significant impact on the
proliferative and functional regulation of prostate cells also through rapid
(nongenomic) signaling mechanisms. In this respect, a better knowledge and
understanding of estrogen-driven mechanisms in different processes related to
human health and disease would be of primary importance to design and exploit

original preventive and therapeutic strategies also in prostatic carcinoma.

62



=

9.

7. REFERENCES

Ferlay J, Shin HR, Bray F, Forman D, Mathers C dparkin DM.
GLOBOCAN 2008, Cancer Incidence and Mortality Warde: IARC
CancerBase No. 10. In: IARC, Lyon; 2010.

Tominaga S. Cancer incidence in Japanese in J&bamaii, and western

United States. Natl Cancer Inst Monogr. 1985; 6933

Stellman SD, Wang QS. Cancer mortality in Chingsmigrants to New
York City. Comparison with Chinese in Tianjin andtiwUnited States-born
whites. Cancer. 1994; 73:1270-5.

Cook LS, Goldoft M, Schwartz SM, et al:. Inciderafeadenocarcinoma of the
prostate in Asian immigrants to the United States their descendants. J Urol.
1999; 161:152-5.

Ganry O. Phytoestrogens and prostate cancer nigk.Ned. 2005; 41:1-6.

Yan, L., and Spitznagel, E. L. Meta-analysis of $ogd and risk of prostate
cancer in men. Int. J. Cancer. 2005; 117:667—669.

Lampe JW. Emerging research on equol and cand¢utrd 2010; 140:1369S-
1372S.

Balistreri CR, Caruso C, Carruba G, Miceli V, Cared®. Genotyping of sex
hormone-related pathways in benign and malignantamuprostate tissues: data
of a preliminary study. OMICS. 2011, 15(6):369-74.

Vasto S, Carruba G, Candore G, Iltaliano E, Din&8oD, Caruso C.

Inflammation and prostate cancer. Future Oncol82@(b):637-45.

10. Carruba G. Estrogen and prostate cancer: apseditruth in an androgen-

dominated scenario. J Cell Biochem. 2007; 102(49)-891.

11. Carruba G. Estrogens and mechanisms of prossaieer progression. Ann N

Y Acad Sci. 2006; 1089:201-17.

63



12. Baade PD, Youlden DR, Krnjacki LJ. Internationaldgmiology of prostate
cancer: geographical distribution and secular seibl Nutr Food Res. 2009;
53(2):171-184.

13. American Cancer Society. The Worldwide Cancer Buarddlanta: American
Cancer Society; 2006.

14. Ferris-Tortajada J, Berbel-Tornero O, Garcia-ChskelOrtega-Garcia JA,
Lépez-Andreu JA. Dietetic Factors Associated Witbdtate Cancer. Protective
Effects of Mediterranean Diet. Actas Urol Esp. 2011

15. John EM, Stern MC, Sinha R, Koo J. Meat consumpti@ooking
practices, meat mutagens, and risk of prostate ecanblutr Cancer. 2011;
63(4):525-37.

16. De Nunzio C, Freedland SJ, Miano L, Finazzi AgroBafiez L, Tubaro A.
The uncertain relationship between obesity andtat®scancer: An ltalian
biopsy cohort analysis. Eur J Surg Oncol. 201113)/1025-9.

17. Dombi GW, Rosbolt JP, Severson RK. Neural nekwanalysis of
employment history as a risk factor for prostateces. Comput Biol Med. 2010;
40(9):751-7.

18. Kote-Jarai Z, Easton DF, Stanford JL, Ostrariekey Schleutker J, Ingles SA,
Schaid D, Thibodeau S, Dérk T, Neal D, Donovanamidy F, Cox A, Maier C,
Vogel W, Guy M, Muir K, Lophatananon A, Kedda MAp@&dle A, Steginga S,
John EM, Giles G, Hopper J, Chappuis PO, HutteFdlkes WD, Hamel N,
Salinas CA, Koopmeiners JS, Karyadi DM, Johanne8pnWahlfors T,
Tammela TL, Stern MC, Corral R, McDonnell SK, Sahann P, Meyer A,
Kuefer R, Leongamornlert DA, Tymrakiewicz M, Liu,JB'Mara T, Gardiner
RA, Aitken J, Joshi AD, Severi G, English DR, SayhV, Edwards SM, Al
Olama AA; PRACTICAL Consortium, Eeles RA. Multiplaovel prostate
cancer predisposition loci confirmed by an inteioradl study: the PRACTICAL
Consortium. Cancer Epidemiol Biomarkers Prev. 200%8):2052-61.

19. Smith RA, Cokkinides V, Brawley OW. Cancer scregnim the United
States, 2009: a review of current American Canceieby guidelines and issues
in cancer screening. CA Cancer J Clin. 2009; 5a7t%1.

64



20. Wolf AM, Wender RC, Etzioni RB, et al. American @a&n Society guideline
for the early detection of prostate cancer: up@ate0. CA Cancer J Clin. 2010;
60(2):70-98.

21. Altekruse SF, Kosary CL, Krapcho M, Neyman N, Amin@, Waldron W,
Ruhl J, Howlader N, Tatalovich Z, Cho H, Mariottqg Bisner MP, Lewis DR,
Cronin K, Chen HS, Feuer EJ, Stinchcomb DG, EdwdaHs (eds). SEER
Cancer Statistics Review, 1975-2007, National Catre#titute. Bethesda, MD,
based on November 2009 SEER data submission, ptusteed SEER web site,
2010.

22. Sant M, Allemani C, Santaquilani M, Knijn A, Margie~, Capocaccia R.
EUROCARE-4. Survival of cancer patients diagnosedl995-1999. Results
and commentary. Eur J Cancer. 2009; 45(6):931-991.

23. Parkin DM, Pisani P, Ferlay J. Global cancer diais CA Cancer J Clin.
1999; 49(1):33-64, 31.

24. Vermeulen A, Kaufman JM, Goemaere S & van PottglderEstradiol in
elderly men. Aging Male. 2002; 5:98-102.

25. Voigt KD & Bartsch W. Intratissular androgens in nign prostatic
hyperplasia and prostatic cancer. Journal of Stemiochemistry. 1986;
25:749-757.

26. Negri-Cesi P, Poletti A, Colciago A, Magni P, MaitP & Motta M. Presence
of 5-alpha-reductase isozymes and aromatase inrhpnoatate cancer cells and
in benign prostate hyperplastic tissue. Prosifi88; 34:283-291.

27. Steers WD. 5-Alpha-reductase activity in the priestblrology. 2001; 58:17—-
24,

28. Santen RJ, Santner SJ, Pauley RJ, Tait L, Kas&arders LM, Hamilton C,
Yue W & Wang JP. Estrogen production via the ar@smatenzyme in breast
carcinoma: which cell type is responsible? Joudfigteroid Biochemistry and
Molecular Biology. 1997; 61:267-271.

29. Simpson ER, Mahendroo MS, Nichols JE & Bulun SEorAatase gene
expression in adipose tissue: relationship to breascer. International Journal
of Fertility and Menopausal Studies. 1994; 39:75-83

65



30. Jarred RA, Cancilla B, Prins GS, Thayer KA, CunhR & Risbridger GP.
Evidence that oestrogens directly alter androgeoieded prostate
development. Endocrinology. 2000; 141:3471-3477.

31. Prins GS, Birch L, Couse JF, Choi |, Katzenellerdsod®® & Korach KS.
Oestrogen imprinting of the developing prostatendlas mediated through
stromal oestrogen receptor alpha: studies withadliKO and betaERKO mice.
Cancer Research. 2001; 61:6089-6097.

32. Putz O, Schwartz CB, Kim S, LeBlanc GA, Cooper RIP&ns GS. Neonatal
low- and high-dose exposure to estradiol benzoatea male rat. |. Effects on
the prostate gland. Biology of Reproduction. 2088:1496—-1505.

33. Barrett-Connor E, Garland C, McPhillips JB, Khaw ,KWingard DL.. A
prospective, population-based study of androstemediestrogens, and prostatic
cancer. Cancer Res. 1990; 50:169-173.

34. Platz EA, Leitzmann MF, Rifai N, et al. Sex sterdidrmones and the
androgen receptor gene CAG repeat and subseqs&nofriprostate cancer in
the prostate-specific antigen era. Cancer EpideBimnarkers Prev 2005; 14:
1262-1269.

35. Wiren S. Stocks T, Rinaldi S, et al. Androgens a@nolstate cancer risk: a
prospective study. Prostate 2007; 67: 1230-1237.

36. Stattin P, Lumme S, Tenkanen L, et al. High lewdlsirculating testosterone
are not associated with increased prostate camsler A pooled prospective
study. Int. J. Cancer 2004; 108: 418-424.

37. Morgentaler A, Rhoden EL. Prevalence of prostatencea among
hypogonadal men with prostate-specific antigen .6f @g/ml or less. Urology
2006; 68: 1263-1267.

38. Fears TR, Ziegler RG, Donaldson JL et al. Reprdulityi studies and
interlaboratory concordance for androgen assay$eimnale plasma. Cancer
Epidemiol. Biomarkers Prev. 2000; 9: 403-412.

39. Imamoto T, Suzuki H, Yano M, Kawamura K, Kamiya Araki K, Komiya
A, Nihei N, Naya Y, Ichikawa T. The role of testeisine in the pathogenesis of
prostate cancer. Int J Urol 2008; 15: 472-480.

66



40. Smith T, Chisholm GD & Habib FK. Failure of humamnign prostatic
hyperplasia to aromatise testosterone. Journaltefoff Biochemistry. 1982;
17:119-120.

41. Stone NN, Laudone VP, Fair WR & Fishman J. Aronaton of
androstenedione to oestrogen by benign prostagerpiasia, prostate cancer
and expressed prostatic secretions. Urology Reseh®87; 15:165—-167.

42. Brodie AM, Son C, King DA, Meyer KM & Inkster SE.ack of evidence for
aromatase in human prostatic tissues: effects lfjddoxyandrostenedione and
other inhibitors on androgen metabolism. CancereRet. 1989; 49:6551—
6555.

43. Matzkin H & Soloway MS. Immunohistochemical evidenaf the existence
and localization of aromatase in human prostatguts. Prostate. 1992; 21:309—
314.

44. Katzenellenbogen BS, Katzenellenbogen JA. BiomadicDefining the “S”
in SERMs. Science. 2002; 295:2380-2381.

45. Katzenellenbogen JA, O’'Malley BW, Katzenellenbod Tripartite steroid
hormone receptor pharmacology: interaction with tipld effector sites as a
basis for the cell- and promoterspecific action tbese hormones. Mol
Endocrinol. 1996; 10:119-131.

46. Nilsson S, Makela S, Treuter E, Tujague M, ThomsenAndersson G,
Enmark E, Pettersson K, Warner M, Gustafsson JAchdeisms of estrogen
action. Physiol Rev. 2001; 81:1535-1565.

47. Flouriot G, Brand H, Denger S, Metivier R, Kos MgiR G, Sonntag-Buck V,
Gannon F. Identification of a new isoform of thartan estrogen receptor-alpha
(hER-alpha) that is encoded by distinct transcrgoig that is able to repress
hER-alpha activation function 1. EMBO J. 2000; B88-4700.

48. Wang Z, Zhang X, Shen P, Loggie BW, Chang Y, Déttel Identification,
cloning, expression of human estrogen receptora@pha novel variant of
human estrogen receptor-alpha66. Biochem Biophys Bemmun. 2005;
336:1023-1027.

49. Wang Z, Zhang X, Shen P, et al: A variant of estrogeceptor-{alpha}, hER-
{alpha}36: Transduction of estrogen- and antiestregependent membrane-
initiated mitogenic signaling. Proc Natl Acad ScBLA. 2006; 103:9063-9068.

67



50. Vitale Miceli, Letizia Cocciadiferro, Maria Fregaps Maurizio Zarcone,
Giuseppe Montalto, Lucia M. Polito, Biagio Agosta@razia M. Granata,
Giuseppe Carruba. Expression of wild-type and wargstrogen receptor alpha
in liver carcinogenesis and tumor progression. OMI2011; 15(5):313-317.

51. LiY, Lambert MH, Xu HE. Activation of nuclear reg®rs: a perspective
from structural genomics. Structure. 2003; 11:746-7

52. Hall JM, Couse JF, Korach KS. The multifaceted naat$ms of estradiol and
estrogen receptor signaling. J Biol Chem. 2001 ; 26869-36872.

53. Song RX, Zhang Z, Santen RJ. Estrogen rapid actianprotein complex
formation involving ERalpha and Src. Trends EnduariMetab. 2005; 16:347—
353.

54. Warner M, Gustafsson JA. Nongenomic effects ofogsin: why all the
uncertainty? Steroids. 2006; 71:91-95.

55. Kato S, Endoh H, Masuhiro Y, Kitamoto T, UchiyamaSasaki H, Masushige
S, Gotoh Y, Nishida E, Kawashima H, Metzger D, ChamP. Activation of
the estrogen receptor through phosphorylation bjogen-activated protein
kinase. Science. 1995; 270:1491-1494.

56. Levin ER. Cell localization, physiology, nongenomactions of estrogen
receptors. J Appl Physiol. 2001; 91:1860-1867.

57. Razandi M, Pedram A, Merchenthaler |, Greene GLvirLeER. Plasma
membrane estrogen receptors exist and functiondimers. Mol Endocrinol
2004; 18:2854—-2865.

58. Doolan CM, Harvey BJ. A Galphas protein-coupled rheane receptor,
distinct from the classical oestrogen receptornddaces rapid effects of
oestradiol on [Ca2_]i in female rat distal colonolMCell Endocrinol. 2003;
199:87-103.

59. Palapattu GS, Sutcliffe S, Bastian PJ, Platz EAMzo AM, Isaacs WB,
Nelson WG. Prostate carcinogenesis and inflammatemerging insights.
Carcinogenesis 2005; 26: 1170-1181.

60. Trosko JE. From adult stem cells to cancer steis.éein NY Acad Sci 2006;
1089: 36-58.

68



61. Nanni S, Narducci M, Della PL, Moretti F, Grasséllj De CP, Sacchi A,
Pontecorvi A Farsetti A. Signaling through estrogesteptors modulates
telomerase activity in human prostate cancer.d i@irest 2002; 110: 219-227.

62. Cavalieri EL, Rogan EG. Depurinating estrogen-DNdalicts in the etiology
and prevention of breast and other human cancetsrd=-Oncol 2010; 6: 75-91.

63. Noble RL.. Prostate carcinoma of the Nb rat intrefato hormones. Int Rev
Exp Pathol 1982; 23:113-159.

64. Pollard M, Luckert PH, Schmidt MA. Induction of @tate adenocarcinomas
in Lobund Wistar rats by testosterone. Prostat;19%63-568.

65. Bosland MC. Animal models for the study of prostes&cinogenesis. J Cell
Biochem Suppl 1992; 16H:89-98.

66. Leav |, Merk FB, Kwan PW, Ho SM. Androgen supporestrogen-enhanced
epithelial proliferation in the prostates of intadbble rats. Prostate 1989;
15:23-40.

67. Bosland MC, Ford H, Horton L. Induction at highiskence of ductal prostate
adenocarcinomas in NBL/Cr and Sprague—-Dawley Hsd&PB treated with a
combination of testosterone and estradid-17or diethylstilbestrol.
Carcinogenesis 1995; 16:1311-1317.

68. Thompson CJ, Tam NN, Joyce JM, Leav I, Ho SM. Gexmession profiling
of testosterone and estradiol-17 beta-induced atiostlysplasia in Noble rats
and response to the antiestrogen ICI 182,780. Emidogy 2002; 143:2093-
2105.

69. Sonnenschein C, Olea N, Pasanen ME, Soto AM. Negatntrols of cell
proliferation: human prostate cancer cells and @geins. Cancer Res 1989;
49:3474-3481.

70. Iguchi T, Fukazawa Y., Tani N., Sato T., OzawaTakasugi N., Shuin T.,
Kubotal Y., Petrov V. Effect of some hormonally iaet steroids upon the
growth of LNCaP human prostate tumour cells inovittancer J. 1990; 3:184-
191.

71. Olea N, Sakabe K, Soto AM, Sonnenschein C. Theifprative effect of
"anti-androgens” on the androgen-sensitive humaostate tumor cell line
LNCaP. Endocrinology 1990;126: 1457-1463.

69



72. Carruba G, Pfeffer U, Fecarotta E, Coviello D, D#m E, Lo Casto M,
Vidali G, Castagnetta L. Estradiol inhibits grondhhormone non responsive
PC3 human prostate cancer cells. Cancer Res 19941 90-1193.

73. Castagnetta L, Miceli M.D., Sorci C., Pfeffer Uarkuggio R., Oliveri G.,
Calabro M., Carruba G. Growth of LNCaP human ptestzancer cells is
stimulated by estradiol via its own receptor. Entdadogy 1995; 136:2309-
23109.

74. Ockrim J, Lalani E-N, Aubel P.. Therapy insight: rgraeral estrogen
treatment for prostate cancer — a new dawn forldrth@rapy. Nat Clin Pract
Oncol. 2006; 3:552-563.

75. Cunha GR. Role of mesenchymal-epithelial interastian normal and
abnormal development of the mammary gland and @iesCancer [Suppl 3]
1994; 74:1030-1044.

76. Chung LWK. Implications of stromal-epithelial ing&tion in human prostate
cancer growth, progression and differentiation. fe@ancer Biol. 1993;4:183—
192.

77. Cullen KJ, Lippman ME. Stromal-epithelial interacts in breast cancer.
Cancer Treat Res. 1992; 61:413-431.

78. Ellis MJ, Singer C, Hornby A, Rasmussen A, Culleh ksulin-like growth
factor mediated stromal-epithelial interactionshinman breast cancer. Breast
Cancer Res Treat. 1994, 31:249-261.

79. Zhau HE, Hong SJ, Chung LWK. A fetal rat urogengadus mesenchymal
cell line (rUGM): accelerated growth and confewhlndrogen-induced growth
responsiveness upon a human bladder cancer egitbell line in vivo. Int J
Cancer. 1994; 56:706—-714.

80. Wiesen JF, Werb Z. The role of stromelysin-1 inostal-epithelial
interactions and cancer. Enzyme and Protein. 1898:74-181.

81. Kennedy S, Duffy MJ, Duggan C, Barnes C, RafferfyKiRamer MD. Semi-
quantitation of urokinase plasminogen activator arsd receptor in breast
carcinomas by immunocytochemistry. Br J Cancer8199:1638-1641.

82. Singer C, Rasmussen A, Smith HS, Lippman ME, Lykth Cullen KJ.

Malignant breast epithelium selects for insulireligrowth factor Il expression

70



in breast stroma: evidence for paracrine functi©ancer Res. 1995; 55:2448-
2454,

83. Ibrahim G, Kems B, MacDonald J, lbrahim S, Kinney HRumphrey P and
Robertson. Differential immunoreactivity of epidexingrowth factor receptor in
benign, dysplastic and malignant prostatic tissiésrol. 1993; 149:170-173.

84. Maygarden S, Strom S and Ware J. Localization adexmal growth factor
receptor by immunohistochemical methods in humaastatic carcinoma,
prostatic intraepithelial neoplasia and benign hglasia. Arch Pathol Lab Med.
1992; 116:269-273.

85. Ching K, Ramsey E, Pettigrew M, D'Cunha R, Jasonail Dodd J.
Expression of mRNA for epidermal growth factor amdnsforming growth
factor alpha and their receptor in human prosiasué and cell lines. Mol Cell
Biochem. 1993; 126:15 1-158.

86. Barton J, Blackledge G, and Wakeling A. Growth dastand their receptors:
new targets for prostate cancer therapy. Urolo§91258:114 — 122.

87. George DJ. Receptor tyrosine kinases as ratiomgéts for prostate cancer
treatment: platelet-derived growth factor receptord imatinib mesylate.
Urology. 2002; 60:115 — 121.

88. Grasso AW, Wen D, Miller CM, Rhim JS, Pretlow TGdaKung HJ. ErbB
kinases and NDF signaling in human prostate canels. Oncogene. 1997,
15:2705 — 2716.

89. Kim HG, Kassis J, Souto JC, Turner T, and WellEE&F receptor signaling
in prostate morphogenesis and tumorigenesis. Hifigtbpathol. 1999; 14:1175
—1182.

90. Aaronson S. Growth factors and cancer. Sciencel;172:1146-1153.

91. Fong C, Sherwood E, Mendelsohn J, Lee C and KoXows Epidermal
growth factor receptor monoclonal antibody inhibitenstitutive receptor
phosphorylation, reduces autonomous growth and itemss
androgenindependent prostatic carcinoma cells nwtuwnecrosis factor alpha.
Cancer Res. 1992; 52:5887-5892.

92. Hofer D, Sherwood E, Bromberg W, Mendelsohn J, Ceand Kozlowski J.
Autonomous growth of androgen independent prostaicinoma cells: role of
transforming growth factor alpha. Cancer Res. 18312780-2785.

71



93. Turner T, Chen P, Goodly L and Wells A. EGF receptgnaling enhances in
vivo invasiveness of DU145 human prostate carcinocedls. Clin Exp
Metastasis. 1996; 14:409-418.

94. Bargmann CI, Hung MC, and Weinberg RA. Multiple épéndent activations
of the neu oncogene by a point mutation alterirggttansmembrane domain of
p185. Cell. 1986; 45:649 — 657.

95. Kraus MH, Issing W, Miki T, Popescu NC, and Aarams®A. Isolation and
characterization of ERBB3, a third member of theBBRepidermal growth
factor receptor family: evidence for overexpressiona subset of human
mammary tumors. Proc Natl Acad Sci USA. 1989; 88381 9197.

96. Plowman GD, Culouscou JM, Whitney GS, Green JM JtQarGW, Foy L,
Neubauer MG, and Shoyab M. Ligand-specific actoraiof HER4/p180erbB4,
a fourth member of the epidermal growth factor peoefamily. Proc Natl Acad
Sci USA. 1993; 90:1746 — 1750.

97. Carraway KL Il and Cantley LC Ill. A neu acquainta for erbB3 and
erbB4: a role for receptor heterodimerization iowgh signaling. Cell. 1994;
78:5-8.

98. Vanhaesebroeck B and Waterfield MD. Signaling bgtidct classes of
phosphoinositide 3-kinases. Exp Cell Res. 1999; 288 254.

99. Datta SR, Brunet A, and Greenberg ME. Cellular isaty a play in three
Akts. Genes Dev. 1999; 13:2905 — 2927.

100. Brognard J, Clark AS, Ni Y, and Dennis PA. Phosplation of Akt/PKB is
required for suppression of cancer cell apoptosid mmor progression in
human colorectal carcinoma. Cancer Res. 200; 186:398997.

101. Itoh N, Semba S, Ito M, Takeda H, Kawata S, and 3dawa M.
Phosphorylation of Akt/PKB is required for suppieasof cancer cell apoptosis
and tumor progression in human colorectal carcinddaecer. 2002; 94:3127 —
3134.

102. Reddy KB, Nabha SM, and Atanaskova N. Role of MARake in tumor
progression and invasion. Cancer Metastasis R&38;2Z2:395 — 403.

103. Cobb MH, Hepler JE, Cheng M, and Robbins D. Thegahactivated protein
kinases, ERK1 and ERK2. Semin Cancer Biol. 199265~ 268.

72



104. Price DT, Rocca GD, Guo C, Ballo MS, Schwinn DAdaluttrell LM.
Activation of extracellular signal-regulated kinasehuman prostate cancer. J
Urol. 1999; 162:1537 — 1542.

105. Plowman, G.D., Green, J.M., McDonald, V.L., Neubbaud.G., Disteche,
C.M., Todaro, G.J., and Shoyab, M. The amphireggkne encodes a novel
epidermal growth factor-related protein with tunmainibitory activity. Mol.
Cell. Biol. 1990; 10:1969-1981.

106. Li, S., Plowman, G.D., Buckley, S.D., and ShipléyD. Heparin inhibition of
autonomous growth implicates amphiregulin as awaiute growth factor for
normal human mammary epithelial cells. J. Cell.datly 1992; 153:103-111.

107. Plowman, G.D., Culouscou, J.-M., Whitney, G.S.,&re].M., Carlton, G.W.,
Foy, L., Neubauer, M.G., and Shoyab, M. Ligand-fgecactivation of
HERA4/pl80erb4, a fourth member of the epidermalwgno factor receptor
family. Proc. Natl. Acad. Sci. USA. 1993; 90:174650.

108. Berasain C, Castillo J, Perugorria MJ, Prieto JilaAMA. Amphiregulin: a
new growth factor in hepatocarcinogenesis. Canetlr R007; 254:30-41.

109. Martinez-Lacaci |, Saceda M, Plowman GD, et alr&gtn and phorbol esters
regulate amphiregulin expression by two separatehar@sms in human breast
cancer cell lines. Endocrinology. 1995; 136:3983-92

110. Frasor J, Stossi F, Danes JM, Komm B, Lyttle CRtzKaellenbogen BS.
Selective estrogen receptor modulators: discrimonatof agonistic versus
antagonistic activities by gene expression prajilim breast cancer cells. Cancer
Res. 2004; 64:1522-33.

111. Knabbe, C., Kellner, U., Schmahl, M., and Voigt,rowth factors in human
prostate cancer cells: implications for an improtreétment of prostate cancer.
J. Steroid Biochem. Mol. Biol. 1991, 40:185-192.

112. Nunez C, Cansino JR, Bethencourt F, Pe’rez-UtkillaFraile B, Martinez-
Onsurbe P, Olmedilla G, Paniagua R, Royuela M. TINE/NIK/NF-kB
transduction pathway: a comparative study in noram pathological human
prostate (benign hyperplasia and carcinoma). Hagtap. 2008; 53:166—76.

113. Sciarra A, Mariotti G, Salciccia S, Gomez AA, Mor8i, Toscano V, Di
Silverio F. Prostate growth and inflammation. Jr&te Biochem & Mol Biol.
2008; 108:254-60.

73



114. Nelson WG, De Marzo AM, Isaacs WB. Prostate canddengl J Med. 2003;
349:366-81.

115. Coussens LM, Werb Z. Inflammation and cancer. NatR002; 420:860-7.

116. Chan JM, Gann PH, Giovannucci EL: Role of diet irogpate cancer
development and progression. J Clin Oncol 20058282-8160.

117. Dennis LK, Dawson DV: Meta-analysis of measuresefual activity and
prostate cancer. Epidemiology 2002; 13: 72—79.

118. Taylor ML, Mainous AG 3rd, Wells BJ: Prostate canand sexually
transmitted diseases: a meta-analysis. Fam Med, 300506-512.

119. Urisman A, Molinaro RJ, Fischer N, Plummer SJ, @aSeKlein EA, Malathi
K, Magi-Galluzzi C, Tubbs RR, Ganem D, Silverman ,RBeRisi JL:
Identification of a novel gammaretrovirus in prastaumors of patients
homozygous for R462Q RNA SEL variant. PLoS Patha@e2 2:e25.

120. Kirby RS, Lowe D, Bultitude MI, Shuttleworth KE: tia-prostatic urinary
reflux: An aetiological factor in abacterial prasia. Br J Urol 1982; 54: 729-
731.

121. Persson BE, Sjoman M, Niklasson F, Ronquist G: ibedxanthine and urate
concentrations in prostatic fluid and seminal plassh patients with prostatitis.
Eur Urol1991; 19: 253-256.

122. Rose DP: Dietary fatty acids and prevention of hmmeiresponsive cancer.
Proc Soc ExgBiol Med 1997; 216: 224-233.

123. Terry PD, Rohan TE, Wolk A: Intakes of fish and marfatty acids and the
risks of cancers of the breast and prostate amdhefr hormone-related cancers:
a review of the epidemiologic evidence. Am J CluttN2003;77: 532-543.

124. McEntee MF, Whelan J: Dietary polyunsaturated fattyds and colorectal
neoplasiaBiomed Pharmacother 2002; 56:380-387.

125. Riediger ND, Othman RA, Suh M, Moghadasian MH: Atsynic review of
the roles of n—3 fatty acids in health and diseds&m Diet Assoc 2009; 109:
668—-679.

126. Novara G, Galfano A, Berto RB, Ficarra V, Navarr&®¥, Artibani W.
Inflammation, apoptosis, and BPH: What is the eva@® Eur Urol Suppl. 2006;
5:401-9.

74



127. Balistreri CR, Caruso C, Carruba G, Miceli V, Carel®. Genotyping of sex
hormone-related pathways in benign and malignantamuprostate tissues: data
of a preliminary study. OMICS. 2011; 15(6):369-74.

128. Balistreri CR, Caruso C, Carruba G, Miceli V, Casipi Listi F, Lio D,
Colonna-Romano G, Candore G. A pilot study on testancer risk and pro-
inflammatory genotypes: pathophysiology and thesipeimplications. Curr
Pharm Des. 2010; 16(6):718-24.

129. Delongchamps NB, de la Roza G, Chandan V, Jon&ufjeimer R, Threatte
G, Jumbelic M, Haas GP. Evaluation of prostatitisautopsied prostates—Is
chronic inflammation more associated with benigspatic hyperplasia or
cancer? J Urol. 2008; 179:1736-40.

130. Nickel JC. Inflammation and benign prostatic hypes@. Urol Clin N Am.
2007; 35:109-15.

131. Alcaraz A, Hammerer P, Tubaro A, Schroder FH, @aRtrIs there evidence
of a relationship between benign prostatic hyperplaand prostate cancer?
Findings of a literature review. Eur Urol. 200%;864-75.

132. Narayanan NK, Nargi D, Horton L, Reddy BS, Boslan@, Narayanan BA.
Inflammatory processes of prostate tissue micrgenment drive rat prostate
carcinogenesis: Preventive effects of Celecoxile Flostate. 2009; 69:133-41.

133. Sandhu JS. Prostate cancer and chronic prostafitisient Urol Reports.
2008; 9:328-32.

134. Wong CP, Bray TM, Ho E. Induction of proinflammataoesponse in prostate
cancer epithelial cells by activated macrophages\c€r Letters. 2009; 276:38—
46.

135. Kogan-Sakin I, Cohen M, Paland N, Madar S, SolompiMolchadsky A, et
al. Prostate stromal cells produce CXCL-1, CXCLEXCL-3 and IL-8 in
response to epitheliasecreted IL-1. Carcinogen26i39; 30(4):698-705.

136. Harsch KM, Tasch JE, Heston WDW. Immunotherapiespfostate cancer.
In: Chang C, ed. Prostate cancer: Basic mecharasihsherapeutic approaches.
Singapore: World Scientific Publishing Co. Pte.;[2005. p. 33 — 54.

137. Mechergui YM, Jemaa AB, Mezigh C, Fraile B, Rais ,NBaniagua R,
Royuela M, Oueslati R. The profile of prostate leglial cytokines and its
impact on sera prostate specific antigen leveffarimmation. 2009.

75



138. Kramer G, Steiner GE, Handisurya A, Stix U, Haifel Krener B, et al.
Increased expression of lymphocyte-derived cytakiime benign hyperplastic
prostate tissue, identification of the producingll ceype, and effect of
differentially expressed cytokines on stromal qaibliferation. The Prostate.
2002; 52:43-58.

139. Penna G, Fibbi B, Amuchastegui S, Corsiero E, Layw&, Silvestrini E, et al.
The vitamin D receptor agonist elocalcitol inhibilis-8-dependent benign
prostatic hyperplasia stromal cell proliferationdainflammatory response by
targeting the RhoA/RhoKinase and NF-kB pathwayse TProstate. 2009;
69:480-93.

140. Konig JE, Senge T, Allhoff EP, Konig W. Analysis tie inflammatory
network in benign prostate hyperplasia and prostateer. The Prostate. 2004;
58:121-9.

141. Steiner GE, Stix U, Handisurya A, Willheim M, Hai#, Reithmayr F, et al.
Cytokine expression pattern in benign prostaticengfasia infiltrating T cells
and impact of lymphocytic infiltration on cytokimaRNA profile in prostatic
tissue. Lab Invest. 2003; 83:1131-46.

142. Lucia MS, Torkko KC. Inflammation as a target forogtate cancer
chemoprevention: Pathological and laboratory ratienJ Urol. 2004; 171:S30—-
5.

143. Bouraoui Y, Ricote M, Garcia-Tunon |, Rodriguez-Bguete G, Touffehi M,
Rais NB, et al. Pro-inflammatory cytokines and patesspecific antigen in
hyperplasia and human prostate cancer. Cancer tidetemnd Prevention. 2008;
32:23-32.

144. Lucia MS, Lambert JR. Growth factors in benign peitie hyperplasia: Basic
science implications. Current Urol Reports. 2002;72-8.

145. Caruso C, Balistreri CR, Candore G, Carruba G, @weRomano G, Di Bona
D, et al. Polymorphisms of pro-inflammatory genes @arostate cancer risk: a
pharmacogenomic approach. Cancer Immunol Immuno20€9; 58: 1919-33.

146. Fernandez F, de Beer PM, van der Merwe L, Heyns @PX-2 promoter
polymorphisms and the association with prostate@&ansk in South African
men. Carcinogenesis. 2008; 29:2347-50.

76



147. Sarkar FH, Adsule S, Li Y, Padhye S. Back to thariet COX-2 inhibitors for
chemoprevention and cancer therapy. Med Chem. Z0699-608.

148. Roberts RO, Jacobson DJ, Girman CJ, Rhodes T, LLMb& Jacobsen SJ. A
population-based study of daily nonsteroidal amfieimmatory drug use and
prostate cancer. Mayo Clin Proc. 2002; 77:219-25.

149. Pathak SK, Sharma RA, Steward WP, Mellon JK, Gh#fiTRL, Gescher AJ.
Oxidative stress and cyclooxygenase activity insfate carcinogenesis: targets
for chemopreventive strategies. Eur J Cancer. 200%1-70.

150. Wang W, Bergh A, Damber JE. Chronic inflammationhbenign prostate
hyperplasia is associated with focal upregulatibrCgclooxygenase-2, Bcl-2,
and cell proliferation in the glandular epitheliuihe Prostate. 2004; 61:60—72.

151. Rigas B, Sun Y. Induction of oxidative stress amechanism of action of
chemopreventive agents against cancer. Britishné€2a2008; 98:1157-60.

152. MacLennan GT, Eisenberg R, Fleshman RL, Taylor BM,P, Resnick M,
Gupta SG. The influence of chronic inflammatiorpnostatic carcinogenesis: A
5-year followup study. J Urol. 2006; 176:1012-6.

153. Wong CP, Bray TM, Ho E. Induction of proinflammataesponse in prostate
cancer epithelial cells by activated macrophagesc€r Letters. 2009; 276:38—
46.

154. Vykhovanets EV, Shukla S, MacLennan GT, Vykhovar@Y§ Bodner DR,
Gupta S. ll-1b-induced post-transition effect of -K&ppa B provides time-
dependent wave of signals for initial phase ofaptstatic inflammation. The
Prostate. 2009; 69:633—-43.

155. De Marzo AM, Coffey DS, Nelson WG. New conceptsigsue specificity for
prostate cancer and benign prostatic hyperplagial. W999; 53(Suppl 3A):29—
40.

156. Platz EA, De Marzo AM. Epidemiology of inflammati@md prostate cancer.
J Urol. 2004; 171:S36-S40.

157. Klein EA, Silverman R. Inflammation, infection amptostate cancer. Curr
Opin Urol. 2008; 18:315-19.

158. Kesarwani P, Ahirwar DK, Mandhani A, Singh AN, Dal®, Srivastava AN,
Mittal RD. IL-10 -1082 G>A: A risk for prostate cegr but may be protective

77



against progression of prostate cancer in Northamaohort. World J Urol.
2008.

159. Licastro F, Bertaccini A, Porcellini E, Chiappdili, Pernetti R, Sanguedolce
F, Marchiori D, Martorana G. Alpha 1 antichymotrypgenotype is associated
with increased risk of prostate carcinoma and R&#&ls. Anticancer Res. 2008;
28:395-400.

160. Saenz-Lépez P, Carretero R, Cozar JM, Romero JMto@Gal, Vilchez JR, et
al. Genetic polymorphisms of RANTES, IL1-A, MCP-hdaTNF-A genes in
patients with prostate cancer. BMC Cancer. 20083 A:

161. Fain JN. Release of interleukins and other inflatomyacytokines by human
adipose tissue is enhanced in obesity and primdtig/to the nonfat cells. In:
Gerald L, editor. Vitamins and hormones. Londonademic Press, 2006; 443 —
477.

162. Wright ME, Chang SC, Schatzkin A, Albanes D, Kip¥isMouw T, Hurwitz
P, Hollenbeck A, and Leitzmann MF. Prospective gtofdadiposity and weight
change in relation to prostate cancer incidencenandality. Cancer 2007; 109:
675-684.

163. Rodriguez C, Freedland SJ, Deka A, Jacobs EJ, Mm@ ML, Patel AV,
Thun MJ, and Calle EE. Body mass index, weight geamand risk of prostate
cancer in the Cancer Prevention Study Il Nutrit@©ohort. Cancer Epidemiol
Biomarkers Prev 2007; 16: 63-69.

164. Gong Z, Neuhouser ML, Goodman PJ, Albanes D, ChiHSing AW,
Lippman SM, Platz EA, Pollak MN, Thompson IM, andidfal AR. Obesity,
diabetes, and risk of prostate cancer: results ftwarprostate cancer prevention
trial. Cancer Epidemiology, Biomarkers & Prevent006; 15: 1977-1983.

165. Hsing AW, Sakoda LC, and Chua SC, Jr. Obesity, bu¢ia syndrome, and
prostate cancer. Am J Clin Nutr 2007; 86: 843S-8857

166. Mistry T, Digby JE, Desai KM, and Randeva HS. Otyeand prostate cancer:
a role for adipokines. Eur Urol 2007; 52: 46-53.

167. Freedland SJ and Platz EA. Obesity and prostateecamaking sense out of
apparently conflicting data. Epidemiol Rev 2007;88997.

168. Roddam AW, Allen NE, Appleby P, Key TJ, and PrastaCancer
Collaborative Grou. Endogenous Sex Hormones andst&®e Cancer: A

78



Collaborative Analysis of 18 Prospective Studieblail Cancer Inst 2008; 100:
170-183.

169. Kaaks R, Lukanova A, Rinaldi S, Biessy C, Soderl&®&r@Isson T, Stenman
UH, Riboli E, Hallmans G, and Stattin P. Interrelaships between plasma
testosterone, SHBG, IGF-I, insulin and leptin irogiate cancer cases and
controls. Eur J Cancer Prev 2003; 12(4): 309-315.

170. Kaaks R and Stattin P. Obesity, endogenous hormuetabolism, and
prostate cancer risk: a conundrum of "highs" anav8l'. Cancer Prev Res (Phila
Pa) 2010; 3: 259-262.

171. Spencer WE and Christensen MJ. Multiplex relative-FRCR method for
verification of differential gene expression. Bichaiques 1999; 27: 1044-1046.

172. Ellem SJ & Risbridger GP. Treating prostate canaenationale for targeting
local oestrogens. Nature Reviews. Cancer 200727=-&27.

173. Matthews J & Gustafsson JA. Estrogen signalingulatls balance between
ER alpha and ER beta. Molecular Interventions 2@0281-292.

174. Bjornstrom L & Sjoberg M. Mechanisms of estrogercemor signaling:
convergence of genomic and nongenomic actions gettayenes. Molecular
Endocrinology 2005; 19: 833-842.

175. Sugimura, Y., Cunha, G. R., Yonemura, C. U., anevdaura, J. Temporal
and spatial factors in diethylstilbestrol-induceguamous metaplasia of the
developing human prostate. Hum. Pathol. 1988; 39--139.

176. Yonemura, C. Y., Cunha, G. R., Sugimura, Y., anceM& L. Temporal and
spatial factors in diethylstilbestrol-induced squais metaplasia in the
developing human prostate. Il. Persistent changéer aremoval of
diethylstilbestrol. Acta Anat. 1995; 15B8-11.

177. Triche, T. J., and Harkin, J. C. An ultrastructwstldy of hormonally induced
squamous metaplasia in the coagulating gland ofntloeise prostate. Lab.
Investig. 1971; 25: 596-606.

178. Noble, R. L. Production of Nb rat carcinoma of tHersal prostate and
response of estrogen-dependent transplants to eerohes and tamoxifen.
Cancer Res. 1980; 40: 3547-3550.

179. Drago, J. R. The induction of NB rat prostatic gamas. Anticancer Res.
1984; 4. 255-256.

79



180. Leav, I., Merk, F. B., Kwan, P. W., and Ho, S. Mndkogen-supported
estrogenenhanced epithelial proliferation in thestates of intact Noble rats.
Prostate 1995; 15: 23—-40.

181. Ahmed, M., Choksy, S., Chilton, C. P., Munson, K.,\&hd Williams, J. H.
High dose intravenous oestrogen (fosfestrol) intteatment of symptomatic,
metastatic, hormone-refractory carcinoma of thestate. Int. Urol. Nephrol.
1998; 30: 159-164.

182. Glick, J. H., Wein, A., Padavic, K., Negendank, WHarris, D., and
Brodovsky, H. Phase Il trial of tamoxifen in metd&t carcinoma of the
prostate. Cancer (Phila.) 1982; 49: 1367-1372.

183. Spremulli, E., DeSimone, P., and Durant, J. A phHastudy of Nolvadex®
tamoxifen citrate in the treatment of advanced fatasadenocarcinoma. Am. J.
Clin. Oncol. 1982; 5: 149-153.

184. Horton, J., Rosenbaum, C., and Cummings, F. J. Xdemoin advanced
prostate cancer: an ECOG pilot study. Prostate 1B8873-177.

185. Bergan, R. C., Blagosklonny, M., and Dawson, N.S#gnificant activity by
high dose tamoxifen in hormone refractory prostatecer. Proc. Am. Soc. Clin.
Oncol. 1995; 14: A637.

186. Bergan, R. C., Reed, E., Myers, C. E., Headlee Bbwley, O., Cho, H-K.,
Figg, W. D., Tompkins, A., Linehan, W. M., KohldDd,, Steinber, S. M., and
Blagosklonny, M. V. A Phase Il study of high-dosenbxifen in patients with
hormone-refractory prostate cancer. Clin. Cancer. R@99; 5: 2366—2373.

187. Brehmer, B., Marquardt, H., and Madsen, P. O. Ghoawhd hormonal
response of cells derived from carcinoma and hypei@ of the prostate in
monolayer cell culture. A possibla vitro model for clinical chemotherapy. J.
Urol. 1972; 108: 890-896.

188. Hartley-Asp, B., Deinum, J., and Wallin, M. Diethiflbestrol induces
metaphase arrest and inhibits microtubule assenMijtat. Res. 1985; 143:
231-235.

189. Schulze, H., and Claus, S. Histological localizataf estrogen receptors in
normal and diseased human prostates by immunoaytastry. Prostate 1990;
16: 331-343.

80



190. Robertson, C. N., Roberson, K. M., Padilla, G. M'Brien, E. T., Cook, J.
M., Kim, C. S., and Fine, R. L. Induction of apogioby diethylstilbestrol in
hormoneinsensitive prostate cancer cells. J. NGghcer Inst. 1996; 88: 908—
917.

191. Prins, G. S., Marmer, M., Woodham, C., Chang, Wiipkr, G., Gustafsson,
J. A., and Birch, L. Estrogen receptor-b messengenucleic acid ontogeny in
the prostate of normal and neonatally estrogeniaésl Endocrinology 1998;
139: 874-883.

192. Bonkhoff, H., Fixemer, T., Hunsicker, I, and Remgs¥, K. Estrogen
receptor expression in prostate cancer and maligmastatic lesions. Am. J.
Pathol. 1999; 155: 641-647.

193. Ehara, H., Koji, T., Deguchi, T., Yoshii, A., NalanM., Nakane, P. K., and
Kawada, Y. Expression of estrogen receptor in dsgéduman prostate assessed
by nonradioactive in situ hybridization and immuisbbchemistry. Prostate
1995; 27: 304-313.

194. Kirschenbaum, A., Ren, M., Erenburg, I., SchachBer,and Levine, A. C.
Estrogen receptor messenger RNA expression in hubemgn prostatic
hyperplasia: detection, localization, and modulatiovith a long-acting
gonadotropin-releasing hormone agonist. J. Andi@®4; 15: 528-533.

195. Kuiper, G. G., Enmark, E., Pelto-Huikko, M., Nilssd5., and Gustafsson, J.
A. Cloning of a novel receptor expressed in rasstate and ovary. Proc. Natl.
Acad. Sci. USA 1997; 93: 5925-5930.

196. Lau, K. M., Leav, I, and Ho, S. M. Rat estrogecemor-a and -b, and
progesterone receptor mRNA expression in variousstptic lobes and
microdissected normal and dysplastic epitheliabugs of the Noble rats.
Endocrinology 1997; 139: 424-427.

197. Hobisch, A., Hittmair, A., Daxenbichler, G., Will§,, Radmayr, C., Hobisch-
Hagen, P., Bartsch, G., Klocker, H., and Culig, Metastatic lesions from
prostate cancer do not express oestrogen and peoges receptors. J. Pathol.
1998; 182: 356-361.

198. Konishi, N., Nakaoka, S., Hiasa, Y., Kitahori, YOhshima, M., Samma, S.,

and Okajima, E. Immunohistochemical evaluation sifagen receptor status in

81



benign prostatic hypertrophy and in prostate camia and the relationship to
efficacy of endocrine therapy. Oncology 1993; S89-263.

199. Hiramatsu M, Maehara |, Ozaki M, Harada N, Orik&a& Sasano H
Aromatase in hyperplasia and carcinoma of the hupnastate. Prostate 1997;
31:118-124.

200. Isidori AM, Strollo F, More M, Caprio M, Aversa AVloretti C, Frajese G,
Riondino G & Fabbri A. Leptin and aging: correlatiovith endocrine changes in
male and female healthy adult populations of d#férbody weights. Journal of
Clinical Endocrinology and Metabolism 2000; 85: 495962.

201. Seppelt U. Correlation among prostate stroma, @asstrogen levels, and
urinary estrogen excretion in patients with berpgostatic hypertrophy. Journal
of Clinical Endocrinology and Metabolism 1978; 4230-1235.

202. Shibata Y, Ito K, Suzuki K, Nakano K, Fukabori YuZki R, Kawabe Y,
Honma S & Yamanaka H. Changes in the endocrine@mwient of the human
prostate transition zone with aging: simultaneousngtative analysis of
prostatic sex steroids and comparison with humaaostatic histological
composition. Prostate 2000; 42: 45-55.

203. Zhao Y, Agarwal VR, Mendelson CR & Simpson ER. &gén biosynthesis
proximal to a breast tumor is stimulated by PGE2 ayclic AMP, leading to
activation of promoter Il of the CYP19 (aromatagehe. Endocrinology 1996;
137: 5739-5742.

204. Bulun SE, Imir G, Utsunomiya H, Thung S, GuratesTBmura M & Lin Z
Aromatase in endometriosis and uterine leiomyomdtaurnal of Steroid
Biochemistry and Molecular Biology 2005; 95: 57—-62.

205. Brodie A, Njar V, Macedo LF, Vasaitis TS, Sabnis The Coffey Lecture:
steroidogenic enzyme inhibitors and hormone dep@ndeancer. Urol
Oncol. 2009; 27: 53-63.

206. Bonkhoff H, Berges R. The evolving role of oestinagy@nd their receptors in
the development and progression of prostate cagoerJrol. 2009; 55: 533-42.

207. Nilsson S, Gustafsson JA. Estrogen receptors: piesaargeted to receptor
subtypes. Clin Pharmacol Ther. 2011; 89: 44-55.

82



208. Williams GP. The role of oestrogen in the pathogenef obesity, type 2
diabetes, breast cancer and prostate disease. Eanckr Prev. 2010; 19: 256-
271.

83



