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1. Introduction

1.1. Pathophysiology of prostate cancer

Considered part of both the male reproductive and urinary systems, the prostate gland (or
prostate) is oval shaped, and is variable in size (ranging from 20 – 30 grams in adult males)[1].
The prostate gland consists of different types of cells, including gland (epithelial) cells, muscle
cells and fibrous cells [2]. The overall structure of the prostate is divided in two ways: by zone,
a classification more often used in pathology [2, 3] or by lobe, more often used in anatomy [2].
Prostate associated diseases usually present with urinary and sexual dysfunction and the initial
symptoms related to such often necessitate diagnostic testing to indicate the presence of a
certain disease state [4, 5]. Although the accuracy and use of Digital Rectal Examination (DRE)
and Prostate Specific Antigen (PSA) remains controversial, these tests can be used alone, or in
combination, to detect benign conditions (including benign prostatic hyperplasia (BPH) and
prostatitis) or predict most forms of PCa [6, 7]. Subsequent prognosis of PCa is confirmed by
prostate biopsy and involves pathological staging (Tumor/ Nodes/ Metastasis (TNM) System)
and grading (Gleason Score) [8-10]. Broadly defined as the malignant growth of cells of the
prostate gland, PCa occurs in many different zones of the prostate [1, 11, 12]. PCa (mostly 75%)
arise in the peripheral zone, and to a lesser extent in the central and transitional zones [13].
Similar to the pattern of most epithelial cancers, cells within the prostate undergo an accumu‐
lation of genetic changes whereby the functions of cellular control are lost as the cell and tissue
undergo phenotype changes from normal to prostatic intraepithelial neoplasia (PIN) [14]. This
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progressively leads from to an acute high-grade PIN (HGPIN) to superficial cancers, and then
to invasive disease [11, 12] (See Figure 1). The most common form of PCa (around 95%)
originates in the glandular/epithelial tissue, and is coined prostatic adenocarcinoma; thus, this
term has emerged synonymously with PCa [13]. The residual forms of PCa are termed
nonadenocarcinoma, and present as less commonly occurring cancers, but are often more
aggressive. Such can be categorized as epithelial (such as squamous cell carcinoma) and
nonepithelial (such as osteo- and angio-sarcoma), and also include others which rarely develop
in the prostate and are derived from primary tumors of the bladder and urethra (such as
transitional cell carcinoma) [13]. The diagram below gives a general overview of prostate
location, the division of zones and the general progression of PCa as the cell and tissue
phenotype changes from normal to A. prostatic intraepithelial neoplasia (PIN), to B. increasing
and severe high-grade PIN (HGPIN), then to C. superficial cancers, and finally to D. invasive
disease [11, 12, 15].
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Figure 1. GA Tobin, 2011. An Overview of the Pathogenesis of PCa.

While the specific causes of PCa remain unknown, the only established risk factors for PCa are
age, race and family history [16]. However, it is well accepted that the stimulation of androgens
over a prolonged period contributes to the development of PCa [17]; thus, the androgen
receptor (AR), along with its various cofactors play an important role in PCa. Nonetheless,
progression of PCa to androgen independence (or the hormone refractory state) is one of the
primary reasons for PCa-related deaths today [18]. PCa is the sixth most commonly diagnosed
cancer worldwide [19]. For Canadian men, PCa is the most prevalent (based on 15 years) and
frequently diagnosed non-dermatological cancer [20]. Like most other solid malignancies, PCa
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can extend to distant organs such as the liver, lungs and brain, with an abnormally high
tendency for metastasizing to the bone [21, 22]. When distant metastasis occurs, the 5 year
survival rate drops to 31% [20]. Although Prostate Specific Antigen (PSA) values, TNM staging,
Gleason Score, and tumor biomarkers are considered significant in their ability to predict
patient outcome, alone or when incorporated into various nomogram models, there is much
controversy about their accuracy. Nonetheless, treatment regimens are largely based on these
combined indicators.

Standard treatments for PCa can range from watchful waiting to surgery, radiation therapy,
hormone therapy, chemotherapy, and biological therapy, alone or in combination [23-26].
Additionally, in North America, a minimum of 30% of men with diagnosed prostate disease
choose to use complementary and/or alternative medical (CAM) therapy [27, 28] including
primarily herbal biological agents, vitamins, supplements and dietary intervention [29]. This
trend is likely due to progressive research on differences in global distribution, indicating that
prolonged diet and micronutrient intake intervals may possibly control whether PCa remains
latent or develops into a clinically significant disease [30-34]. In particular, the role of polyun‐
saturated fatty acids (PUFA) has gained considerable importance in PCa in the last several
years. However, the molecular basis for these observations has not been fully explained.
Genetic (and epigenetic) alterations and specific signaling pathways [35] are considered
important in the multi-step process of cancer [36]. Thus, dietary interventions which target
signaling pathways and downstream genes known to be impacted in PCa may be a worthwhile
and effective approach in developing novel therapies.

2. Endocrine and molecular biology and controls in prostate cancer

2.1. Hormones and prostate cancer

Charles Huggins introduced the phenomenon of androgen removal as a plausible means for
prostate cancer treatment in men after his observation that castration in canines caused
shrinkage of prostate tumors [37]. Similar to normal prostate cells, prostate cancer cells are
androgen dependent at the outset with a normally functioning androgen receptor (the receptor
only responds to androgen) [37]. These initial studies on the dependence of the prostate gland
on androgens formed the principle behind androgen deprivation therapy. There are several
avenues that can be utilized to remove androgens, and the decision to do so is largely de‐
pendent on the stage or severity of cancer. Early cancers commonly target 5alpha(α)-reductase
inhibition in an effort to decrease levels of the active hormone dihydrotestosterone (DHT). In
fact, in the Prostate Cancer Prevention Trial (PCPT), finasteride (a 5α-reductase inhibitor) has
been reported to lower the incidence of prostate cancer in men by 25% [38]. The initial concern
about finasteride causing more severe cancers was refuted. However, despite this, the FDA
has published advice concerning the use of finasteride and an increased risk of high-grade PCa
[39]. Interestingly, the PCPT study is the one which Brasky et al. used to extrapolate data for
their recent findings regarding n-3 PUFA and prostate cancer [40]. AR antagonists can also be
used to block both testicular and adrenally produced androgens from binding to the androgen
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receptor and initiating gene transcription [41]. Additionally, testicular-derived androgen
production can be blocked by luteinizing hormone (LH) inhibition [42]. For more aggressive
cancers, these previously mentioned methods can be used in combination blocking both
androgen production and their actions [41].

Despite the fact that most prostate cancers respond well to androgen deprivation, prostate
cancer cells develop survival mechanisms involving the androgen receptor that can render
these treatments ineffective; this represents the progression from androgen sensitive to
androgen insensitive disease. Central to this role, the AR develops abnormal signaling
functions that are not seen in normal AR signaling in androgen sensitive prostate cancer
progression. There are several mechanisms through which the androgen receptor can partic‐
ipate in androgen insensitive prostate cancer. Amplification of the AR creates a hypersensi‐
tivity to even low amounts of circulating androgens [43]. The AR can also become
promiscuous; mutations of the ligand binding domain can allow for aberrant AR activation
by factors other than androgens (i.e: estrogen or other steroid hormones) and increased AR
activity can also occur when such mutations are found in coregulators [44]. The AR can become
an outlaw receptor - receptive to transactivation, phosphorylation and activation by other
signaling pathways and peptide growth factors (i.e: insulin growth factor -1 (IGF-1) in the
absence of androgen [45]. Other modified functions of the AR include activation of other pro-
proliferative and anti-apoptotic factors that can bypass the AR pathway, eliminating any
dependence on androgens for these physiological effects. For example: bcl-2, an anti-apoptotic
protein, is not expressed in normal prostate epithelium, however in the absence of AR function,
bcl-2 is produced [46]. Thus, effective treatment is dependent in the ability of the AR to develop
these modified survival mechanisms.

The topic of testosterone production is worthy outside the realm of AR function in androgen
insensitive prostate cancer. It is well known that the testes are the main site of testosterone
production. Therapies that reduce testosterone production by targeting the testes do not affect
adrenal androgen synthesis which is increased in androgen insensitive prostate cancer, thus
compensating for the reduced testicular androgen production. In such cases, a broad spectrum
cytochrome P450 inhibitor may be recommended, although their use may introduce side
effects so extensive that their utility is limited [47].

2.2. Molecular biology of prostate cancer

Hanahan and Weinberg, in 2011, summarize the unique biological capabilities of cancer [48].
The hallmarks of cancer outlined within include sustaining proliferative signaling, evading
growth suppressors, resisting cell death, enabling replicative immortality, inducing angio‐
genesis, and activating invasion and metastasis. Interestingly, in this updated review, genomic
stability and inflammation are noted as underlying these characteristics as they expedite
acquisition and foster multiple functions, respectively. Additionally, two emerging hallmarks
- reprogramming of energy metabolism and evading immune destruction are discussed, as
well as the dimensions of tumor complexity including the ability of these acquired traits to
create the tumor microenvironment [48]. We agree that the recognition of all of these concepts,
alone or in combination, provide guidance in the development of new cancer treatments. The
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paragraphs to follow are meant to provide a basic overview of some of the aforementioned
concepts and their relevance in prostate cancer. While we have not specifically discussed tumor
microenvironment or two of the above-mentioned emerging hallmarks and their relevance to
prostate cancer in this chapter, such topics of importance subsequently emerge in broader areas
of discussion.

2.2.1. Sustaining proliferative signaling

Although the host may provide a source of growth factors, such are not essential for the
survival of cancer cells. Cancer cells can evade the requirement for exogenous growth factors
in several ways, including the production of their own growth factors. Cancer cell mutations
can result in constitutively active growth factors and growth factor receptor pathways. Thus
the initiation of the signaling cascade occurs without the required binding of the growth factor
ligand to the receptor; cell growth occurs in the absence of ligand. In this regard, mutations in
both the ras family and epidermal growth factor (EGF) receptors are seen in prostate cancer
[49]. Another example of such includes autocrine and/or paracrine production of IGF-1 by
prostate cancer cells [50], as stromal prostate cancer cells and the adjacent epithelium produces
IGF-1 and expresses IGF-1 receptor, respectively.

2.2.2. Evading growth suppressors

Pathway hypersensitivity can result when cancer cells over-express growth factor receptors in
the presence of normal physiological levels of a growth factor. PCa cells frequently increase
their expression of Human Epidermal Growth Factor Receptor (HER)2 and the androgen
receptor [51]. In this way, small amounts of androgen that can direct large increases in the
expression of pro-carcinogenic genes or AR regulated gene expression can even occur in the
absence of androgens.

2.2.3. Resisting cell death

The body eliminates damaged or dysregulated cells through intrinsic mechanisms including
tumor suppressor pathways responsible for the mediation of DNA repair, cell cycle arrest,
apoptosis and senescence [52]. However, some of these damaged cells harbor mutations and/
or have the ability to produce factors that allow them to survive. Proliferation of these cells, if
not kept in check, results in tumors. The expression of Bcl-2, an anti-apoptotic protein indicates
that a cell may not respond to cell death cues. Production of Bcl-2 is high in prostate cancer
cells [46], rendering them resistant to apoptosis.

2.2.4. Enabling replicative immortality

The balance between growth and anti-growth signaling results in normal cell growth. Differ‐
entiation of cells occurs only when cells halt the growth program. Thus, rapidly proliferating
(undifferentiated) cells form a mass of cells commonly referred to as a tumor. Such unimpeded
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growth is usually less differentiated than normal cells. Under normal conditions, transforming
growth factor beta (TGFβ) is an anti-growth factor stimulating epithelial cells to a terminally
differentiated state. However, this property is dysregulated in prostate cancer development
[53]. As TGF-β signals through retinoblastoma (Rb) tumor suppressor gene [54], it is assumed
to cause an increase in cell cycle inhibitors, such as p21. Thus, the loss of Rb in prostate cancer
renders the pro-differentiation, anti-proliferation effects of TGF-β null [55].

The ability of cancer cells to replicate many more times over their natural lifespan distinguishes
them from normal cells. Inherent defects in prostate cancer cells, such as losses of cell cycle
inhibitors, including p21 or p27 enable this phenomenon. As with other cancer cell types,
dysregulated telomere maintenance provides another explanation. The small DNA fragments
at the ends of chromosomes are known as telomeres [56]. Telomere shortening to a desired
length, following cell reproduction, signals a cell to stop replicating. However, cancer cells
express elevated levels of telomerase, thus allowing cancer cells to replicate beyond their
normal programmed number of replications by maintaining telomere length [38].

2.2.5. Inducing angiogenesis, activating invasion and metastasis

In order to expand in size, cancer cells require the support of a vasculature system. Judah
Folkman’s pioneering work in cancer revealed this unconditional requirement for sustained
angiogenesis in cancer [57], accompanied by increased requirements for oxygen and nutrient
supply, as well as waste removal; the latter is due to the ability of cancer cells to rapidly
proliferate. In prostate cancer, and other cancers, vascular endothelial growth factor (VEGF)
production is elevated [58]. This paracrine factor stimulates nearby endothelial cells and
epithelial cells to form irregular vasculature associated with tumorigenesis. This confirms the
notion that cancer cells produce factors that recruit endothelial progenitor cells and epithelial
cells are capable of forming primitive vascular channels.

To further survive along the cancer cascade, and even in the presence of increased angiogen‐
esis, cells must metastasize as the tissue of origin is capacity limiting with respect to tumor
burden [57]. Metastasis of cancer cells involves degradation of the basement membrane at the
site of origin and penetration to the bloodstream and/or lymph. Although few cells survive
this journey through the lymph and blood stream, those that penetrate into the tissue of
destination complete the metastatic cascade by invading and colonizing to secondary sites.

Cadherins, a class of membrane receptors, can undergo isoform switching (known as “cad‐
herin switching”) during normal development which allows cell types to segregate from one
another. Within this family, particular cadherin members promote cell motility and invasion
control via growth factor receptor signaling and pathway signaling components [59]. In tumor
cells, this activity ceases resulting in aggressive tumor cells with an ability to escape the origin
of the tumor and metastasize.

Therefore, the functional significance of these specific cadherins and cadherin switching
provides insight into the molecular mechanism underlying tumor progression and offers an
opportunity for the development of novel molecular targets for anti-cancer therapy. Integrity
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of the basement membrane and maintenance of epithelial integrity involves E-cadherin
(epithelial calcium-dependent adhesion), a Type 1 transmembrane protein. The extracellular
component of E-cadherin is responsible for homophilic interactions, while the cytoplasmic
component of E-cadherin binds to beta (β-) and gamma (γ-) catenin [60]. While the loss of E-
cadherin signifies the ability of a cancer cell to leave the prostate [61], it would be remiss to
think that this loss alone is responsible for tumor cell invasion considering the dimensions of
tumor microenvironment [48]. Aside from changes in cell-to-cell and cell-to-matrix adhesion,
tumor invasion involves additional cellular events including cell migration and proteolytic
degradation of the extracellular matrix (ECM), and other events which alone or in combination
can affect cell signaling pathways. The initial suggestion that E-cadherin downregulation may
result in the activation of specific signaling pathways triggering tumor cell invasion has been
explored. Because of its dual role as a cytoplasmic cellular adhesion complex component and
its fundamental role in Wnt-mediated signal transduction, β-catenin has emerged as a prime
contender for activating such signaling pathways. Additionally, levels of matrix metallopro‐
teases (MMPs) also increase in prostate cancer and degrade stromal and basement membrane
components, enabling cancer cells to escape the tissue of origin [62]. Overall, such factors that
allow the progression of the metastatic cascade, rather than the original tumor, are responsible
for cancer death.

2.2.6. Inflammation

Although inflammation has been long recognized in the development of cancer [63, 64], chronic
inflammation has emerged as one of the enabling characteristics of human cancer [48]. Chronic
inflammation can be caused by numerous factors including infectious and non-infectious
agents and / or other environmental aspects including hormonal changes and dietary inter‐
ventions [65, 66]. Fostering multiple functions related to cancer, inflammation cuts across
broad areas of study including genetics, epidemiology, molecular pathology, histopathology,
immunology and animal modelling to name a few. In other words, it would be difficult to
capture an association between cancer and inflammation by way of any one over-arching
theory. A diverse amalgamation of evidence exist which points to the role of the inflammatory
response in physiological maintenance including tissue homeostasis and the healing process
involved succeeding injury or damage. Rakoff-Nahoum (2006) has provided an excellent
overview of this dual role of inflammation in tumor development [52]. The inter-relationship
of cancer and inflammation with respect to inflammatory cells (and their mediators) and
signaling pathways involved that have been published in the past suggests that the inflam‐
matory system can affect tumor development and inhibit the development of cancer [67-72].
The topic of inflammation in prostate carcinogenesis has been recently updated in a thorough
review authored by Sfanoes and DeMarzo (2012) encompassing recent advances in prostate
risk and development with respect to prostatic inflammation stimuli, immunobiology,
inflammatory pathways and cytokines, proliferative inflammatory atrophy as a risk factor
lesion to prostate cancer development, and the role of nutritional or other anti-inflammatory
compounds [66]. While this exceptional review articulates the vast effects of inflammation in
prostate cancer, we will aim to highlight evidence to date as related to some promising anti-
inflammatory natural products while focusing on PUFA.
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3. Promising anti-inflammatory natural products in PCa

The role of inflammation in prostate cancer etiology stems from studies accessing the rela‐
tionship between intake of anti-inflammatory dietary compounds and prostate cancer risk.
Epidemiological evidence associates or significantly correlates consumption of tomato [73],
soy and green tea [74, 75] with decreased prostate cancer risk. Furthermore, animal studies
confirm that the anti-inflammatory properties of both soy and green tea cause a decrease in
prostate cancer [74, 75]. One study involving Transgenic Adenocarcinoma of the Mouse
Prostate (TRAMP) mice fed a diet enriched with processed whole tomatoes reported benefits
including increased survival, delayed progression from PIN to PCa cancer and a decreased
incidence of poorly differentiated PCa cancer [76]. Prostate cancer cell lines treated with
phytoestrogens, specifically genistein and daidzein, indicate a decrease in prostate cancer risk,
however this effect seems to be linked to epigenetic modifications of DNA [77].

3.1. PUFA and prostate cancer

Interest in dietary fats and disease etiologies has emerged because of their known anti-
inflammatory properties. Examples of dietary fat which are essential in a variety of mammalian
biological processes and impact PCa include omega-3 (n-3) and omega-6 (n-6) PUFA [78, 79].
In published cell line and xenograft studies, n-6 PUFA (linoleic acid and arachidonic acid)
typically exert a growth-promoting effect, while n-3 PUFA (EPA and DHA) have growth-
inhibitory effects [80-85]. In vitro and animal studies suggest a trend of opposite effects for
cancer development with respect to n-3 and n-6 PUFA. The n-3 PUFA, such as EPA and DHA,
indicate a suppression of tumor carcinogenesis, however n-6 PUFA seems to promote tumor
development. From an epidemiological perspective, evidence of an association between
particular PUFA and PCa is inconsistent, with many studies reporting no association between
dietary intake of n-3 or n-6 PUFA and the risk of PCa [86-92], however both pre-clinical in
vivo and in vitro studies clearly indicate that there are biological mechanisms by which omega-3
PUFA can arrest growth in both PCa cells and tumors. Supplementation of n-3 PUFA in animal
studies failed to produce an effect on prostate tumor growth or other markers of PCa progres‐
sion and did not significantly reduce tumor growth in a PCa mouse model [93-96]. Treatment
of human PCa cells with n-3 PUFA has been shown to consistently inhibit proliferation
and /or increase programmed cell death, affect gene expression and deter properties of invasive
human PCa in cells supporting the notion that EPA and DHA supplementation could preclude
or limit the growth of prostate tumors [80, 85, 94, 97-102]. In general, and as found in a recent
case-control study, while proinflammatory n-6 PUFA may present an increase in PCa risk, the
anti-inflammatory properties of n-3 PUFA have been noted in their association with decreased
risk [103]. Interestingly, this same study reported that mutations in the inflammation and
mitogenesis related gene (COX-2), combined with low nutritional consumption of n-3 PUFA,
had a higher risk of PCa; this risk was lowered with an increase in the dietary intake of n-3
PUFA [103]. Inflammatory gene expression is usually negatively associated with cancer stage
and prognosis [104]. Despite these trends, a recent epidemiology study by Brasky (2011)
contradicts the protective role of n-3 PUFA in PCa by reporting a positive association with
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DHA for high-grade disease[40]. Specifically the findings indicate that higher blood concen‐
trations of n-3 PUFA are associated with increased risk of high-grade prostate cancer (Gleason
score 8–10), and higher concentrations of n-6 PUFA were associated with decreased risk [40].
Dr. Brasky has indicated that these findings “turn what we know—or rather what we think we
know—about diet, inflammation and the development of prostate cancer on its head and shine a light
on the complexity of studying the association between nutrition and the risk of various chronic
diseases [105]." Could it be that what is deemed good and promoted for heart and brain health
may be essentially harmful to the prostate? Consider the following: Data analyzed to come to
this vastly different conclusion was based on a subset of more than 3200 (half of which
developed PCa throughout the duration of the study) from the overall study population of
19,000 [40]. This nationwide randomized clinical trial was initiated to test the efficacy of the
drug finasteride to prevent prostate cancer and considered unique as biopsy was used to
confirm the absence or presence of prostate cancer in all study subjects [105]. The original intent
of the study was to prove the hypothesis that n-3 PUFA would reduce and n-6 PUFA and trans-
fatty acids would increase prostate cancer risk, pre-empted by two important known factors;
that n-3 fatty acids originating mainly in fish and their oil supplements have anti-inflammatory
properties and chronic inflammation is known to increase the risk of several cancers. All this
combined with an inconsistent history of studies and the fact that the mechanisms behind the
influence of n- 3 PUFA on the risk of developing high-grade PCa have not been identified,
warrants further research. Nonetheless, we are presented with evidence of substantive
biological activity, and thus we must explore other mechanisms, aside from inflammation, that
may play a greater role in the development of certain prostate cancers. To embark upon this
currently debatable journey, there are key factors concerning prostate cancer and dietary
interventions that should be considered, particularly n-3 PUFA. The sections to follow are
meant to generate, by example and based on the current literature, some thoughts on how to
proceed in this area of research to determine the actual role of n-3 PUFA in prostate cancer.

4. Looking forward: Considerations for further research in n-3 PUFA and
prostate cancer

4.1. Prostate cancer signaling pathways and n-3 PUFA

Signaling pathways and their associated molecules often have a dual role in events such as
homeostasis, tissue repair, and tumorigenesis. For example, the Wnt/β-catenin pathway is
critical in maintaining steady-state proliferation and tumorigenesis of tissues [106]. Numerous
studies to date indicate that n-3 PUFA treatment can affect cell signaling partially through AKT
(protein kinase B), mTOR (mammalian target of rapamycin) and NF-κB (nuclear factor kappa
B) associated pathways [94, 95, 99, 107]. Treatment with n-3 PUFA has been indicated in the
inhibition of human hepatocellular carcinoma and cholangiocarcinoma cell growth by
blocking the Wnt/β-catenin pathway [108, 109], and DHA treatment has been shown to inhibit
the production of β-catenin in colon cancer cells [110-112]. However, the effects of n-3 PUFA
on Wnt/β-catenin signaling in PCa remain largely unknown. A single study in PCa indicates
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that fat-1 gene (cloned from Caenorhabditis elegans) that encodes for a n-3 PUFA desaturase
(which converts n-6 PUFA to n-3 PUFA) expression was shown to reduce phosphorylation of
glycogen synthase kinase-3β (GSK-3β), a major element in the Wnt/β-catenin pathway,
resulting in subsequent down-regulation of both β-catenin and cyclin D1 thereby inhibiting
PCa cell proliferation [113].

4.1.1. An introduction to Wnt/β-catenin signaling

The Wnt family constitutes 19 highly conserved glycoprotein members in mammals [114]. The
most significant molecule implicated in the canonical Wnt cascade is β-catenin, a cytoplasmic
protein regulated by a multi-protein destruction complex made up of Axin, adenomatous
polyposis coli (APC), GSK-3β and casein kinase 1 (CK1) [115]. In the absence of Wnt signaling,
the destruction complex stimulates the phosphorylation of β-catenin by GSK-3β, leading to
subsequent ubiquitination and proteasomal degradation [116, 117]. Conversely, in the
presence of Wnt signaling, Wnt ligand-frizzled (FZD) binding causes disheveled (DVL) protein
dissociation of the β-catenin destruction complex, blocking the phosphorylation of β- catenin,
and leading to β-catenin accumulation in the nucleus [116, 117]. Nuclear β-catenin functions
as a transcription co-factor of the Tcf/Lef family and leads to the activation of Wnt target genes
implicated in cell proliferation, differentiation and apoptosis, including c-myc, cyclin D1, Akt,
MMP-7, and AR [114, 116-122].

4.1.2. Using Wnt/β-catenin signaling as a model to determine the pathogenic role of n-3 PUFA in
prostate cancer

Modular in nature, the activity of the Wnt/β-catenin pathway can be modified through several
points of intervention. The fundamental event in Wnt/β-catenin signaling occurs in the nucleus
and is the result of stabilized β-catenin recruiting Tcf/Lef transcription factors that modulate
the expression of oncogenes, such as c-myc and cyclin D1[123-128]. Abnormal expression of
β-catenin has been observed in up to 71% of prostate tumor specimens [129-131], is elevated
in more than 20% of advanced prostate tumors [132] and is associated with advanced stage
PCa [130, 133, 134]. APC alterations alone are considered prognostic with respect to an
unfavorable outcome [135] even though it varies with respect to inactivation in PCa reporting
somatic loss ranging from 2– 43% [132, 136-138] and promoter hypermethylation in up to 90%
of PCa [135, 139, 140]. Mutations in Axin-1 have been identified in 14% of advanced PCa, and
several Axin-1 mutations and polymorphisms have been noted in PCa cell lines [138]. DVL-1,
is a pathway regulator involved in Axin recruitment and inactivation, is significantly overex‐
pressed in PCa and has also shown a positive correlation with PCa grade [141]. Pathway
activators, including WNT-1, -2, -5A, and -6 have been highly overexpressed in primary PCa
compared to normal prostate [142-145], and WNT-1 and -2 have been indicated as having a
role in invasive PCa [143, 146]. Conversely, but also resulting in stabilized β-catenin, pathway
inhibitors are commonly downregulated in PCa. Dickkopf-related protein (DKK)-1 expression
is lower in PCa tissue in comparison to normal prostate tissue samples and furthermore is
significantly reduced during progression to metastasis [143, 147]. Secreted frizzled-related
protein (SFRP)- 1 and DKK-3 show decreased expression in prostate tumor cells [148-151]
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Downregulation of SFRP-1 was also reported in PCa cell lines [152]. It is interesting to note
that SFRP-4 overexpression is associated with decreased proliferation, decreased anchorage-
independent growth and decreased invasiveness in a PCa cell line, and additionally predicts
a good prognosis in PCa [153, 154]. WIF-1, another Wnt antagonist is downregulated at the
mRNA (23%) and protein level (64%) of PCa [155]. Recently, FZD-3 inhibition by soy protein
was shown to suppress the growth of PCa cell lines [156]. Similarly, FZD-5 was highly up-
regulated in the prostate tissue of advanced PCa cancer patients and was downregulated by
zoledronic acid in PC3 cells, but not DU145 cells [157]. Appropriate steps to determine the role
of n-3 PUFA in prostate cancer may include investigating whether n-3 PUFA treatment will
affect subcellular gene expression and localization of β-catenin. Beyond confirmation of the
molecular mechanism(s) by which n-3 PUFA inhibits Wnt/β-catenin, subsequent experiments
could target degradation of cytoplasmic β-catenin and activation of the Wnt receptor complex.
Table 1 summarizes dysregulation of numerous pathway components which may be respon‐
sible for PCa tumor development/progression and as such represents potential targets for
further investigation to determine n-3 PUFA/Wnt/β-catenin interactions in PCa.

4.1.3. Clinical significance of targeting the Wnt/β-catenin pathway in PCa with n-3 PUFA

Despite the noted progress of hormone-based drugs as a therapy, PCa remains as one of the
primary causes of cancer deaths worldwide [20, 101]. Thus, new and improved therapeutic
strategies to prevent PCa and inhibit its progression are needed. In this regard, n-3 PUFA
presents tremendous opportunity as a therapeutic intervention in PCa. There is enough
convincing data available to show a positive correlation between Wnt/β-catenin activation and
PCa progression. It is also well established now that n-3 FAs supplementation can impact PCa
development and progression in vitro. However, whether these effects of n-3 PUFA on PCa
can occur at least in part through inhibition of Wnt/β−catenin signaling remain largely
unknown. Thus, the incorporation of variations as suggested above could start by targeting
nuclear interaction and progressing back through the pathway to the point of surface expres‐
sion interactions of the Wnt-FRZ-LRP Receptor Complex. Furthermore, AR expression is
positively correlated with an increase in cytoplasmic/nuclear β-catenin levels in epithelial cells
of the prostate [175]. β-catenin interacts with AR and acts as a co-activator of AR to increase
its transcriptional activity in response to androgen [17]. This leads to activation of AR target
genes implicated in PCa progression. Therefore it is possible that n-3 PUFA can inhibit aberrant
expression and activation of AR. As β-catenin is considered to be a ligand-dependent coacti‐
vator of AR transcription [17], the effects of n-3 PUFA on AR expression and β-catenin/ AR
crosstalk is an area requiring exploration.

A series of experiments to specifically target different components of the Wnt/β-catenin
pathway as noted above would be a rational approach to determining the effects of n-3 PUFA
in PCa. Goss’s recent textbook reviews some innovative strategies that have been utilized to
antagonize signaling at various levels of the Wnt/β-catenin signaling [176]. These range from
blocking β-catenin-mediated transcription to modulating the catenin destruction complex to
attenuating extracellular signaling through the Wnt receptors [176]. Figure 2 illustrates the
Wnt/β-catenin pathway and could serve as a model to incorporate multiple targets of interest
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Pathway Component Alteration(s) References

A. Wnts

Wnt-1 Increased Expression [142]

Wnt-2 Increased Expression [143, 146, 158]

Wnt-5A Increased Expression [131, 143, 158]

Wnt-6 Increased Expression [144]

B. Secreted Wnt Antagonists

SFRP-1 Decreased Expression [148, 149]

SFRP-4 Decreased Expression [153, 154]

WIF-1 Decreased Expression [155]

DKK-3 Decreased Expression [150-152]

DKK-1 Decreased Expression [143, 147]

C. Wnt Receptors/coreceptors

FZD-3 Increased Expression [156]

FZD-5 Increased Expression [159]

D. Pathway Regulators

DVL-1 Increased Expression [141]

E. Destruction Complex Components

β-catenin Nucleus/cytoplasm accumulation [129-132, 134, 142,

160-163]

APC Decreased or Loss of Expression [132, 134-137, 139,

140, 164, 165]

GSK-3β Increased activity [165-170]

Axin-1 Increased Expression [138]

F. Tcf/Lef Transcription Factor

Tcf-4 Increased Expression [142, 171]

F. Genes

CyclinD1 Upregulation [123, 124]

c-myc Upregulation [125-128, 172-174]

Table 1. Components of the Wnt/β−catenin Pathway Implicated in PCa: Alterations Of Primary PCa Tissues and PCa
Cell Lines Compared to Normal Prostate.
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to be explored in n-3 PUFA and PCa. Therefore, research focusing on targeting components
of the Wnt/β-catenin pathway or other cellular pathways as a means of inhibiting PCa
development and progression with a promising prospect, n-3 PUFA seems reasonable.

Figure 2. Tobin, GA. 2012. Adapted from articles under the Creative Commons Attribution License Copyright © 2011
Chi-Tai Yeh et al. [177] and from Lattouf et al. (Reprinted by permission from Macmillan Publishers Ltd: Nature Re‐
views Urology [178, 179]. Copyright © 1969). A hypothetical diagram of n-3 PUFA and n-3 PUFA/ androgen receptor
induced inhibition of Wnt/β-catenin signaling pathway in PCa (directly and indirectly). When the Wnt signal is absent,
a multi-complex destruction unit consisting of CK1/2, GSK3β, APC, and Axin forms the target for ubiquitination and
degradation, namely a hyper-phosphorylated β-catenin. In the presence of Wnt, Fzd receptors recruit DVL to the plas‐
ma membrane to inactivate Axin. Overall, binding of Wnt ligand to a Frizzled/LRP receptor complex leads to stabiliza‐
tion of β-catenin. Subsequent interaction with nuclear Tcf/Lef proteins, increases the expression of genes such as
cyclin D1 and c-myc. Additionally, as noted above the effects of n-3 PUFA on AR expression and β-catenin/AR crosstalk
should be considered.

5. Choosing a model: in vitro and in vivo prostate cancer models and their
relevance to human disease

Unpredictable pre-clinical models have been credited for the absence of effective treatments
in Phase II and III trials [180, 181]. In fact, up to 70% attrition has been reported in Phase II
trials; lack of efficacy accounts for about 30% of failures [180]. In the past, drug efficiency was
normally assessed during the preclinical phase by xenografts of human prostate cancer cells.
The limited number of cells lines that have been utilized in the past mostly include Prostate
Cancer (PC)3, Lymph Node Carcinoma of the Prostate (LNCaP) and DU145 (DU-145). In
vivo (ectopic or orthotopic xenograft models) and in vitro studies employing such remain at a
disadvantage as these cells lack features found in chemically-induced cancers. The relevance
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of such models to human prostate cancer is debatable. Nonetheless, these models are valuable
in initial research and preclinical assessments. While disease heterogeneity of prostate cancer
continues to challenge the development of clinically relevant models, prostate cancer treatment
approaches are reliant upon the development and incorporation of relevant preclinical models
to confirm appropriate therapeutic targets and biomarkers. Perhaps the most significant
milestone and best solution to date in providing researchers with a clinically relevant model,
is the evolution of mouse models designed to intentionally inhibit or express a specific gene
function by introducing foreign DNA. Over the past 15 years, these Genetically Engineered
Mice (GEM) have become valuable tools in studying any combination of oncogenes expressed
in specific tissues or conditionally through the tissue-specific removal of tumor suppressors
[182-186]. The goal of GEM modeling is to render the best clinical and molecular characteristics
of human cancer.

5.1. Prostate cancer cell lines

An exhaustive list of prostate cancer cell lines is freely available via the British Columbia
Cancer Research Centre's Prostate Cancer Cell Line Database and Health Canada (website:
http://capcellines.ca). This site was created to provide prostate cancer researchers with
valuable information regarding cell lines to be utilized in their research. Information is
available for 114 cell lines in total with information inclusive of origin, tumor forming ability
in mice, doubling time (and other relevant growth factors), karyotype, as well as the status of
ribonucleic acid (RNA) and protein for androgen receptor (AR), Prostate Specific Antigen
(PSA), prostate-specific human kallikrein (hK2) and creatine kinase (CK). Prostate cancer
xenograft models are also included as well as other relevant markers, too numerous to mention.
This site conveniently includes cell lines deemed controversial in nature as well as those that
have been reported as contaminated. It would seem that currently, and based on a recent search
of PubMed, that the most widely used prostate cancer cell lines include PC-3, LNCaP and
DU145.

Cell culture experiments provide a practical and financially viable means of investigating PCa
research questions by providing preliminary and mechanistic data that justifies further
research. Cell culture approaches do have limitations. In general, consider that the conditions
represented in cell culture are artificial. The ideal concentrations of factors replicated to
characterize the ideal environment are by no means representative of physiologic conditions.
Combine this with the fact that cell culture experiments often utilize a single, clonally identical
cell line of similar origin in identically constant conditions (i.e: flask culture). This is especially
problematic in prostate cancer research due to the complexity of the interconnected paracrine
and endocrine communications system between epithelium, stroma and endocrine organs (i.e:
the pituitary) [52]. This use of a single cell type removes the ability to detect effects that a distant
organ may have on the agent being tested. A co-culture in vitro model may prove to be a more
reasonable approach. Additionally, the epithelial layer of the prostate is surrounded by a
stromal layer containing fibrobasts and blood vessels, among other cell types. In cell culture
models, communication of surrounding and distant tissues is not represented. In this manner,
the effect of a therapeutic to surrounding and distant normal tissue is speculative. Further‐
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more, cell culture represents only one end of the carcinogenic spectrum as it is often conducted
on transformed cells. Aside from the ability of such cells to develop various escape / survival
mechanisms, this concept negates long-term exposure. Throughout a person’s lifespan,
exposure to agents may have varying effects prior to, during or after the transformation process
to neoplastic tissue.

Choosing an appropriate cell line is largely dependent on the type of study being conducted.
For example, based on the model of study represented in this chapter, the LNCaP line would
be an appropriate choice to study n-3 PUFA and β-catenin as these cells are androgen sensitive,
prostate-specific antigen (PSA) positive, and maintain malignant properties, even though they
have low metastatic potential [187]. Furthermore, this cell line endogenously expresses β-
catenin [188] and thus represents an ideal tool to elucidate the interactions of n-3PUFA/ β-
catenin in PCa.

5.2. Animal models of prostate cancer

Although animal experiments are both costly and time-consuming, they are vital in the
transition to Phase 1 clinical investigations. As PCa occurs naturally both in dogs and in certain
strains of rats, these species represent options for animal modeling [189]. Although the dog
most closely resembles human PCa characteristics [190], their use is limited and unrealistic for
a variety of reasons including androgen independent tumor growth, long latency period,
prohibitive costs, long gestation period, and difficulty of genetic manipulation [189]. Some
strains of rats, although well characterized and capable of developing a wide range of PCa
phenotypes [191], present different issues including scarcity of tumors, variability in pheno‐
types, long latency periods, and inability to represent metastatic disease [189]. Utilization of
genetically engineered rat models for PCa will likely increase as the development of knockout
rats advance [192]. In the meantime, despite anatomical differences between the murine and
human prostate gland [189] and other weaknesses, mouse models have emerged as the choice
for investigating the stepwise progression of PCa. Compared to earlier in vivo prostate cancer
experiments, where rodent models were exposed to carcinogens or hormones, recent techno‐
logical advances (i.e.: tissue specific promoters and conditional gene deletions) have provided
multiple models for researchers to investigate genetic defects [189]. Each model has its
strengths and weaknesses. For example, the transgenic mouse models of PCa that express the
Simian Virus 40 (SV40) early region have a highly prognostic gene signature for cancer,
however mouse prostate expressing the large probasin promoter directed by SV40-large T-
antigen (LPB–Tag) is not consistent in its ability to mimic the full spectrum of PCa as it only
progresses to mPIN and rarely results in progression to adenocarcinoma formation [193].
Likely the most popular mouse model, TRAMP is based on such technology and develops
cancer as a result of SV40 T antigen expression resulting in many genetic defects including p53
and Rb (tumor suppressor genes) loss [54]. Because cancer is not the result of a single genetic
mutation, this multi-hit effect is desirable. However, consider that certain aspects of this model
may not be relevant to human disease, including viral transformation. Additionally this model
does not follow the normal human prostate cancer course as it is very aggressive and pro‐
gresses to advanced cancer very rapidly. Consider that it may take up to 20 years for PIN to
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develop, 10 or more years to advance from PIN to HGPIN and then to an early form of latent
cancer, while a clinical diagnosis of PCa may occur anywhere from three to 15 years [11].

It would be reiterative to include a thorough review of mouse models utilized in prostate
cancer research following the publication of such excellent work by both Valkenburg et al.
[189] and Hensley et al [194]. In this section we will summarize commonly utilized transgenic
mouse models; later we will discuss the reliability of mouse models to study disease effects,
specifically n-3 PUFA. Table 2 summarizes the characteristics of several commonly used
transgeneic mouse models.

Model Genetic Manipulation Characteristics Reference

Apt121/Rbf Fragment of SV40 Transgene

to dominantly inactivate Rb

PIN at age 4 weeks and micro-invasive

carcinoma at age 8 months.

[195]

PTEN (Phosphatase and

tensin homologue

deleted on

chromosome 10)

Germline Knockout Invasive carcinoma age 30 weeks;

metastasis to lymph node and lung.

[196]

Conditional Knockout High grade PIN with advancement to

invasive metastasis.

[194]

Hi-Myc (high Myc

transgene expression)

Myc transgene Expression PIN at age 2 weeks and invasive

carcinoma at age 6-12 months with

lymphovascular invasion.

[197]

LADY (LPB promoter

driving the large-T

antigen)

SV40 Trangene Expression Neoplasis by age 10 weeks.

Undifferentiated adenocarcinoma and

invasive neuroendocrine tumors from

age 5 - 9 months and metastasis to

lymph node, liver and lung.

[194, 198]

Nkx3.1/Pten Compound Deletion (Pten(+/-)

Nkx3.1 (-/-))

High-grade PIN at age 6 months;

invasion by age 2 months and

metastasis to lymph node.

[194, 199]

TRAMP (TRansgenic

Adenocarcinoma of the

Mouse Prostate)

SV40 Transgene Expression Progressive PIN at age 6 weeks.

Invasive adenocarcinoma and lymph

node, liver, lung and skeletal

metastasis by age 6 months. Large,

poorly-differentiated neuroendocrine

tumors by age 16 weeks.

[182, 194]

Table 2. Common Transgenic Murine Models of Prostate Cancer

In choosing a mouse model, one must consider whether the study is aimed at treatment or
prevention and the ability of a model to produce prostate phenotypes or other key features
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relevant to human disease. In dietary intervention studies, such as n-3 PUFA, it is important
to consider whether or not models are resistant to the tumor suppressive effects of such
treatments. For example, Smolinski (2011) indicates that the TRAMP model may not be ideal
for studying the effects of bioactive lipids on prostate carcinogenesis. In fact, in the context of
a high fat diet, including fish oil and corn oil as the primary source of lipids, the TRAMP model
is reported to be resistant to the tumor suppressive effects of n-3 PUFA [200]. Thus, choosing
an inappropriate mouse model may negate significant findings and lead to the conclusion that
certain dietary interventions have no effect on a disease when in fact they may be responsible
for disease risk or progression. When engaging in novel or controversial research such as
discussed in this chapter, a rational tactic before confirming a mouse model may include the
completion of a pilot study to ensure that mice are not resistant to the protective effects of n-3
PUFA and to confirm an appropriate cohort size. The goal should be to identify at least a
statistically significant 15% difference in mean tumor size within an 80% confidence interval.
Based on the proposed research model discussed in this chapter, the transgenic 12T-7s/Catnb
lox(ex3)/ PBCre4 (designated as LPB–Tag/DA β-catenin) mouse would likely be ideal and was
developed recently as a model to study the expression of stabilized β-catenin in PCa and
represents the full spectrum of PCa progression to invasive adenocarcinoma [169]. Addition‐
ally, this model represents AR activity and offers a reasonable study period, with an end-point
of 20–22 weeks [169].

6. n-3 PUFA specific factors that make a difference: Source, purity and EPA:
DHA ratio

If the general question on n-3 PUFA and PCa surrounds whether or not there is an increase or
decrease in PCa cancer risk, then consideration of confounding factors for n-3 PUFA intake,
including source, purity and ratio, should be addressed primarily. The foremost sources of
essential fatty acids for the majority of studies are fish derived. Consider that both animal
protein [201] and accumulated environmental pollutants [202] both have been linked to
prostate cancer. In this regard, it is fitting that the development of n-3 PUFA as a pharma‐
ceutical is already underway for other indications as the approval process normally removes
the risk of contamination by methyl mercury, arsenic or other pollutants that are often seen in
ocean or land based food sources protein [201]. Currently, there are three commercially
significant formulations of pharmaceutical grade n-3 PUFAs and numerous over the counter
supplements available for potential use in PCa. The noted differences between all of these
formulas are purity, source and/or the ratio of EPA to DHA. Lovasa has received United States
Food and Drug Administration (USFDA) approval to lower very high triglyceride levels
(hypertriglyceridemia) [203]. In other major markets outside the United States, including
Europe, Lovasa is known as Omacor, and can be prescribed to patients as a montherapy for
hypertriglyceridemia, in combination therapy with a statin for mixed dyslipidemia, or as a
secondary preventative therapeutic following myocardial infarction [204]. The expiration of
GlaxoSmithKline's patent for Lovasa in September [2012] will likely increase availability of
generic replacements. Such equally effective, but lower priced versions could supply markets
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for already proven indications as well as for subsequently approved disease indications,
including for example, PCa. AMR-101, also marketed as Vascepa, received USFDA approval
in July, 2012 [205]. Similar to Lovasa, this approval was based on effective treatment of
hypertriglyceridemia but with the added ability to impact people with high triglycerides; the
latter indication has been filed and is under review pending outcomes in clinical trials [206].
Epanova, another promising n-PUFA formula, is undergoing clinical trials for similar indica‐
tions as previously mentioned for Lovasa, and USFDA approval is forthcoming [207]. Other
dietary supplements, containing various amounts and ratios of n-3 PUFA which are sold over
the counter in the United States and Canada would likely be based on values issued by the
Institute of Medicine and National Academies as described below. Such unregulated formu‐
lary preparations do not undergo clinical trials. Studies relating to n-3 PUFA pharmaceutical
preparations have focused on treating cardiovascular disease with no clinical consideration
for PCa. Albeit, men diagnosed with PCa have accepted the use of such nutraceuticals and
thus there is a role in ensuring that this approach constitutes safe and effective therapies.
Although studies around the prescription formulas have demonstrated a very good safety and
tolerability profile, the focus has been in treating cardiovascular disease and thus there has
been no concern over potential adverse effects for other diseases.

Another proposed explanation for inconsistent findings in the role of n-3 PUFA in prostate
cancer relates to absolute intake versus ratio of n-3 to n-6 PUFA. The latter may be more
relevant for prostate cancer risk considering that the recommended dietary ratio of n-6/n-3
PUFA for health benefits are variable and range from 1:1-4:1, yet dietary intake in such studies,
relative to the Western diet could contain 10 or more times the amount of n-6 compared to n-3
PUFA [208]. Also consider that in gathering and thoroughly reviewing all information toward
this chapter, we were unable to find an official recommended daily allowance for n-3 PUFA for
adults or children. In Canada and the United States, the general public and health professionals
(including healthcare policy makers and public health officials) use a set of five nutrient based
reference values issued by the Institute of Medicine and National Academies for a wide variety
of food and dietary applications [209]. These dietary reference intakes (DRI), are inclusive of
components including: estimated average requirements (EAR), recommended daily allowance
(RDA), adequate intake (AI), tolerable upper intake level (UL) and an acceptable macronutrient
distribution range (AMDR). Considered to be the official standard for federal agencies, these
values are used to issue dietary guidance or policy directives for the health and well-being of
individuals. In the absence of a DRI specific to EPA and DHA, the National Academies have
recommended an AMDR of 10% for another n-3 PUFA, namely alpha-linolenic acid (ALA) to
be consumed as EPA and/or DHA equating to a much lower value (about 100 mg/day) than
currently recommended by many groups worldwide. For example, a number of nutritionist
and physicians recommend as much as 450 milligrams of n-3 PUFA in either DHA or EPA
form per day to promote a healthy diet [79, 210], a fact alone which warrants further studies
to determine DRI, specifically UL. More importantly, if the effects of n-3 PUFA represent
different disease specifications, then it is crucial to establish DRIs for DHA and EPA individ‐
ually, and in combination. Considering the contradictory evidence that excessive DHA may
be a possible cause for some types of aggressive prostate cancer, the expansion of this field of
research may want to revisit the incorporation of such basic factors as the ratio of EPA to DHA
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as a beginning to rationalize some existing data. Altogether, in proceeding with such studies,
it would be important to consider all forms of n-3 PUFA, as well as a variety of ratios and then
proper incorporation of such into cell-culture media or animal models; all while considering
relevant study models to reflect relevance to human disease. However, while supplementation
in cell based and animal studies may produce positive results, such may not be relevant to
actual human therapies.

The existing results for n-3 PUFA and prostate are contradictory, especially in the absence of
consistent epidemiological data. Therefore, incorporation of n-3 PUFA related factors such as
source, purity and EPA/ DHA ratios are crucial while employing in vitro and in vivo models
representative of the entire PCa cascade.

7. Other considerations

7.1. Markers of tumor growth

Epidemiologic studies have shown that lower serum insulin-like growth factor (IGF)-1 levels
and increased IGF binding protein-3 (IGFBP-3) levels are associated with decreased PCa risk
[211]. Unlike humans, rodents do not have a PSA counterpart for monitoring prostate cancer
initiation and progression, however prostatic secretory protein (PSP)-94 has been established
as a serum tumor marker [212]. However, measurement of mouse serum for IGF-I, IGFBP-3
and PSP-94 can be assayed using enzyme-linked immunosorbent assay (ELISA) using mouse-
specific antibodies and recombinant mouse standards (where applicable) and by methods
previously described [213]. Therefore, such biomarkers could be used as indicators in both
human and mouse studies in conjunction with other parameters and may be correlated with
fatty acid analysis.

7.2. Fatty acid analysis: Serum blood levels of EPA and DHA

Selection of fatty acid concentration and methods of introducing fatty acids to cell cultures in
such experiments are documented [214, 215]. Like most in vitro studies, data obtained may
provide indicators of how to progress to the next levels of research. More relevant to human
disease outcome, the fatty acid composition of serum (or plasma) phospholipid is an estab‐
lished valid biochemical marker for assessing the physiological status of various fatty acids
including predictive correlations with the dietary intakes omega-3 PUFA, including EPA and
DHA. [216, 217]. Serum fatty acid analysis by gas chromatography seems to be the standard
for such experiments [218, 219] for both humans and animals.

8. Conclusions

As such, the features of prostate cancer, including long latency, high prevalence, significant
mortality and morbidity, combined with the already accepted use of CAM, in particular n-3
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PUFA presents an excellent opportunity for nutritional intervention. However, until we
unravel this controversial enigma of how n-3 PUFA affects prostate cancer, much remains to
be explored and examined. More research is required to support or refute the value of n-3
PUFA in prostate cancer. And thus the search continues as to how one should proceed with
fatty acid intake, including supplementation, as a prophylactic or therapeutic. Currently there
is not enough evidence to discount the noted beneficial effects of n-3 PUFA intake to prevent
heart disease as they seem to outweigh any harm related to prostate cancer risk [40]. However,
further research is required to clarify the precise mechanisms of n-3 PUFA and its role in human
disease, in particular cancer. Without such, we cannot develop novel strategies for n-3 PUFA
to target molecular pathways (inflammatory or other involved processes) in the prevention,
development or treatment of prostate cancer or other cancers. Expansion of research in this
area is warranted.
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