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Foreword

This book entitled “Critical dietary factors in can-
cer chemoprevention” is a comprehensive attempt
to highlight novel opportunities for the prevention
of neoplastic diseases by dietary means. Recently
emerging evidence has revealed that long-term
lifestyle factors including dietary habits signifi-
cantly influence cancer development, progression,
and response to therapy. Modification of dietary
habits to include dietary factors with evidence of chemopreventive properties via
the modulation of intracellular signaling pathways as regular components of diet
has thus been conceived to be a potential strategy to lower the risk and burden of
cancer incidence. Furthermore, these dietary factors also provide leads to potent
therapeutic drugs with elevated margins of safety. This book provides an update on
contemporary research in this field with an impressive group of authors. A unique
feature of the book is that along with regular chapters, there are expert opinions
from renowned authors, a strategy that enhances the impact of the knowledge and
information emanating from this compilation.

I commend the editors, Dr. Mohammad Fahad Ullah and Dr. Aamir Ahmad and
all the contributors, for this significant piece of work that encourages the engage-
ment of dietary factors as an effective paradigm in cancer prevention.

Knoxville, TN, USA Hildegard M. Schuller, D.V.M., Ph.D






Preface

The success of scientific research on the ladder of validation is perfected when the
idea traverses the untrodden path and delivers the desired benefit to the community
of people. This book “Critical dietary factors in cancer chemoprevention” is an
attempt of archiving a few such ideas in scientific and public domain. We commend
Springer Publishers in providing the foundation for this endeavor and entrusting us
with the task of managing and editing the current volume of the compilation that we
present before the audience.

Precisely, the volume contains two sections. Section I introduces the importance
of the topic of this book through the opinion of three renowned experts who have
immensely contributed to the area of dietary factors in prevention of cancer for
more than four decades. This is followed by Section II which has 15 chapters that
are intended to highlight the significance of dietary factors in the premises of cancer
chemoprevention as part of prophylactic, therapeutic, or adjuvant interventions.

Section I: Curcumin, a constituent of turmeric which is used as spice in food and
anti-inflammatory agent in traditional medicines, has been known for long to
possess anticancer properties. In the first expert opinion, Dr. Sarkar provides an
update on a novel synthetic analogue of curcumin, CDF, with regard to its enhanced
efficacy against cancer. This reflects that the dietary agents have the potential to not
only provide preventive strategy as part of regular consumption but also have the
potential to act as lead compound for the development of therapeutic interventions.
The second opinion comes from Dr. Mukhtar, which advocates the synergism of
bioactive compounds as a cocktail in the development of personalized approach to
cancer chemoprevention. Dr. Hadi contributes the third expert opinion whereon he
explains the delicate balance of the contrasting properties of bioactive molecules
acting as both the antioxidants and prooxidants and how these could be utilized in
their potential against cancer.

vii
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Section II: Chapter “Phytocomplexity: the key to rational chemoprevention”
provides an excellent presentation of a concept that links the significance of
phytocomplexity of whole fruits or vegetables in harvesting the desired chemopre-
ventive efficacy in cancer prevention. Chapter “The ketogenic diet as an adjuvant
therapy for brain tumors and other cancers” precisely deals with metabolic therapy
where the authors suggest the application of ketogenic diet as an adjuvant therapy in
starving the cancer cells of energy. Chapter “The role of organosulfur compounds
derived from Allium vegetables in cancer prevention and therapy” explores the
anticancer potential of bioactive compounds of organosulfur nature, emerging as a
promising cancer chemopreventive strategy. Chapter “Epigenetic Impact of Bioac-
tive Dietary Compounds in Cancer Chemoprevention” deliberates the influence of
dietary factors in reversing the epigenetic events following the process of neoplastic
transformation. Chapters “Potential for sesame seed-derived factors to prevent
colorectal cancer” and “Progress in the development of black seed derived anti-
cancer agents” present an overview of the anticancer potential of the bioactive
constituents of sesame seed and black seed, respectively, and provide mechanism-
based insights. Chapters “Soy isoflavones in the breast cancer risk: from preclinical
findings to clinical strategy” and “Pharmacological role of dietary polyphenols in
prostate cancer chemoprevention” focus on certain dietary agents with critical
value in the prevention of breast cancer and prostate cancer, respectively.
Chapter “Effects of garcinol from kokum (Garcinia indica) on the prevention and
treatment of cancer” gives an account of nutraceutical garcinol and its chemopre-
ventive efficacy against cancer. Chapters “Modulation of key signaling pathways in
cancer cells by dietary factors” and “Pivotal role of chemokine receptor signaling
axis and natural bioactive chemopreventive agents in metastasis of breast cancer”
demonstrate the complex nature of cellular signaling in cancer cells and the ability
of dietary compounds to interfere with these pathways. Chapter “Dietary factors
may influence the clinical outcome of chemotherapy in cancer multidrug resis-
tance” discusses the current interest in dietary molecules with respect to their
potential role in addressing the drug resistance in cancer. Chapter “The role of
energy balance in cancer prevention” points to the need of energy-balanced dietary
intake in reducing the risk of cancer. Chapter “Dietary/environmental factors and
breast cancer” reviews the significance of dietary fats and Mediterranean diet in
relation to breast cancer risk. Finally, chapter “Probiotic bacteria in patients treated
with chemotherapy and radiation therapy” addresses the emerging role of probiotics
in the management of toxic responses associated with chemo- and radiation therapy
in cancer patients.

We express our gratitude to all the authors for valuable contribution from around
the globe. It is their willingness to share their onerous experiences which has
empowered us to bring forth this piece of scientific literature. We appreciate the
support of Dr. Beatrice Menz (Senior Editor, Springer Basel) for working out the
procedural framework of our book proposal. Fortunately, we had Ms. Kay Stoll
(Springer Production), as an excellent project coordinator, who provided the basic
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skeleton of strength that is required for any attractive and meaningful academic
production. We are indeed honored to have Prof. Hildeguard M. Schuller introduc-
ing the substance of the book in the foreword.

Lastly, we wish that the audience will like the contents of this book and it will
take us a step forward in understanding the critical nature of lifestyle issues vis—avis
dietary habits in reducing the risk of chronic diseases such as cancer.

Tabuk, Saudi Arabia Mohammad Fahad Ullah
Detroit, MI, USA Aamir Ahmad






Book Description

The poor survival statistics of fatal cancer diseases highlight the need for multiple
alternative treatment options along with effective prophylactic strategies. World-
wide geographical variation in cancer incidence indicates a correlation between
dietary habits and cancer risk. Moreover, an impressive embodiment of evidence
supports the concept that dietary factors are key modulators of cancer. A number of
action mechanisms have been reported for these dietary factors to retard, block, or
reverse carcinogenesis.

Lifestyle issues including poor dietary habits are major impediment in the
prevention of cancer. In addition, in recent past there has been an unprecedented
surge of evidence implicating a large number of dietary agents in the prevention of
cancer. A well-orchestrated campaign is thus required to highlight the clinical
relevance of these factors in diet among the global population. The four distinct
advantages of these agents are their diverse structure, pleiotropic action mechanism
to simultaneously influence multiple targets, significantly lower toxicity, and selec-
tive killing of cancer cells (by certain dietary agents). Most of these agents are
derived from fruits, vegetables, and grains and can easily be incorporated as routine
dietary regimen. Further, their clinical potential might also be exploited as adjuvant
therapy in the management of the disease along with conventional treatment to
enhance the clinical outcome.

This book presents a prophylactic approach to primary prevention of cancer
disease by highlighting the translational potential of diet-derived factors from
epidemiological, laboratory, and clinical studies, as prevention strategy in nor-
mal/risk populations through routine inclusion of specific dietary regimens and as
therapeutic strategy for better management through adjuvant interventions in
cancer treatment.

The volume shares the experiences of highly reputed experts working in the area
of dietary agents and cancer chemoprevention to promote the significance of dietary
factors and elevate the dietary habits as an elite priority for containing the cancer
disease.
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Part I
Expert Opinion



Updates on the Promising Anticancer
Activity of CDF, a Synthetic Curcumin
Analogue

Kevin R. Ginnebaugh, Aamir Ahmad, and Fazlul H. Sarkar

Abstract In the last few decades we have witnessed an increased interest in
nutraceuticals research for their putative use as anticancer therapeutics. A major
drawback of nutraceuticals is their poor bioavailability. A few years back we
synthesized a difluorinated analogue of curcumin, named CDF, which showed
promise during our initial studies by being more bioavailable. This prompted us
to investigate the anticancer mechanism(s) of this promising compound in detail,
with the ultimate goal of taking this compound to the clinical setting. In this expert
opinion, we provide a succinct overview of all the biological effects of CDF that we
have discovered in the last few years. These include the ability of CDF to regulate
epigenetic factors, miRNAs, and the cancer stem cell markers. Development and
characterization of CDF is a good example of how natural chemical structures can
be modified for better efficacy and activity against cancer cells, although such
agents require further development for clinical studies.

1 Introduction

Cancer is a disease characterized by a few key events: division of cells containing
mutations, unlimited replication potential, and invasion and growth of these cells in
surrounding and distant organs through the assistance of the circulatory or
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lymphatic systems. These cells can arise through mutations accumulating due to the
normal aging process and genetic predisposition or through the influence of envi-
ronmental factors such as exposure to carcinogenic insults. In the year 2015, it has
been predicted that 1,658,370 new cancer cases and 589,430 cancer deaths will
occur in the United States alone (Siegel et al. 2015). Current drug and chemother-
apy options contain many harmful side effects to the individual affected by the
disease. Nutraceuticals, the therapeutic agents of natural origin, have shown prom-
ise to combat the harmful side effects of current treatment options. Nutraceuticals
have been shown to help combat diseases like CVDs, obesity, GI tract disorders, as
well as cancer (Gul et al. 2015). Nutraceuticals have been shown to have pleiotropic
effects and the ability to target multiple cellular signaling pathways which has been
one of the greatest attributes of natural agents, and is not achievable through current
cancer therapeutics. Nutraceuticals have also been found to be effective in helping
to resensitize drug-resistant cancers to conventional agents (Ahmad et al. 2015a).
An example of the benefits found with nutraceuticals is in the chemoprevention of
human cancers. For example, prostate cancer which typically impacts the aging
population has been found to be heavily influenced by dietary habits (Syed
et al. 2008). With increased dietary intake of chemopreventive substances, one
could hope to possibly prevent or slow down the development and progression of
prostate cancer. Pleiotropic effects of nutraceuticals have been found to be active in
the regulation of miRNA—cancer stem cells nexus among many other biological
effects of nutraceuticals (Ahmad et al. 2014). In the subsequent section, we will
limit our discussion on curcumin and its analogues.

Curcumin, the active chemical found in the spice turmeric, is a yellow substance
belonging to the polyphenols superfamily. Curcumin, through a variety of mecha-
nisms, has been shown to exhibit anticancer effects (Shanmugam et al. 2015).
Anticancer effects of curcumin are predominantly mediated through its negative
regulation of growth factors, inflammatory cytokines, protein kinases, oncogenic
molecules, and transcription factors (Shanmugam et al. 2015). One example of how
this nutraceutical targets these processes was reported in bladder cancer, where it
functions to increase miR-203 expression, ultimately decreasing levels of Akt2 and
Src which were found to be elevated in untreated bladder cancer (Ahmad
et al. 2014). Two other signaling pathways which have been associated with cancer
development and progression are NF-kB and STAT3. Curcumin has been shown to
inhibit these pathways resulting in the inhibition of either the development cancer
and/or by inducing apoptosis of cancer cells (Vallianou et al. 2015). One of the
reasons why curcumin has shown to be such a promising area of research is due to
its documented lack of systemic toxicity. Multiple studies on a variety of mammals
such as monkeys, horses, and rodents have provided great evidence in support of its
superior safety profile and lack of systemic toxicity to the organism(s) (Howells
et al. 2014). This has led to recent clinical trials with disappointing outcome in
general. Besides cancer, curcumin is also being researched in pro-inflammatory
diseases including cardiovascular disease, arthritis, ulcerative diseases, and Crohn’s
disease (Gupta et al. 2013a). Given orally, curcumin has been found to inhibit
cancers including lung, skin, head and neck, oral, and many others in preclinical
models (Gupta et al. 2013b; Rahmani et al. 2014). Sustained tissue concentrations
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have been reached using subcutaneous delivery, including one instance where mice
liver was shown to contain curcumin a month after treatment (Gupta et al. 2013b).
Despite all of these proven benefits of curcumin, curcumin has failed in clinical
settings. This failure can be partly attributed to curcumin’s poor bioavailability.
When a subject takes an oral dose of curcumin, it undergoes complex metabolism
rendering it inactive or rapid clearance via enzymatic processes. One way the
bioavailability of curcumin could be improved is through generation of newly
synthesized curcumin analogs; one such analogue is CDF (difluorinated curcumin)
as described by our group (Padhye et al. 2009a, b). CDF has also been found to
cause a marked decrease in NF-kB transcription and shows more pronounced effect
at lower doses when compared with curcumin (Padhye et al. 2010). CDF also
showed increased bioavailability after oral administration which was due to mul-
tiple beneficial attributes of CDF (Sarkar et al. 2010). In addition to studies on CDF,
we have also synthesized CDF with fB-cyclodextrin and this formulation was
observed to enhance CDF’s delivery to the pancreas, thus showcasing its improved
bioavailability (Dandawate et al. 2012). In the following sections, we will summa-
rize the various signaling pathways, factors, and therapeutic targets that are affected
by CDF. Research investigations over past several years in our laboratory have
focused on elucidating the mechanism(s) of antitumor activity of CDF, and thus we
will provide a brief overview of this promising anticancer compound in this expert
review.

2 Signaling Pathways

2.1 AR/TMPRSS2-ERG/Wnt Signaling

In patients suffering from prostate cancer, the progression to castrate-resistant
prostate cancer (CRPC) after anti-androgen ablation therapy is driven in part by
deregulated functions of the androgen receptor (AR), which is required for
sustained growth of CRPC cells. Our lab discovered that AR activation resulted
in greater ERG expression through the fusion of TMPRSS2-ERG (Li et al. 2011).
ERG overexpression was also linked to Wnt signaling activation (Wu et al. 2013).
CDF was found to inhibit signal transduction of the AR/TMPRSS2-ERG/Wnt
signaling pathways, inhibiting invasion of prostate cancer cells and cellular prolifer-
ation. CDF was also linked to increased cancer cell apoptosis, underlying its
potential application in the fight against prostate cancer (Li et al. 2011).

2.2 NF-xB Signaling

The role of NF-kB in the progression of human cancers has been well documented
(Ben-Neriah and Karin 2011; Sarkar and Li 2008; Sarkar et al. 2008; Bao
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et al. 2012a; Ahmad et al. 2013; Tkach et al. 2014). Our lab looked at the levels of
expression of NF-xB in pancreatic cancer cells BxPC-3 and MIAPaCa-epithelial
(E)/mesenchymal(M) phenotypic cells (Ali et al. 2010). After the cells treated with
CDF for 72 h, we reported a decrease in the DNA binding activity of NF-kB when
compared to untreated cells. Such decrease in NF-xB activity was correlated with
increased apoptotic cell death as well as resulted in the inhibition of cancer-
associated signaling pathways. CDF’s proven greater retention and bioavailability
compared to curcumin have also been established in our lab. We have demonstrated
that the inhibition of the DNA binding activity of NF-kB by CDF was far superior
compared to curcumin (Padhye et al. 2009b).

3 The Biological Significance of microRNAs

The emerging role of small noncoding microRNAs (miRNAs) in human diseases,
especially in cancer, is non-refutable (Xue et al. 2014; Hata and Lieberman 2015;
Vidigal and Ventura 2015; Chan et al. 2015). Our own laboratory has been on the
forefront of studies aimed at elucidating the mechanistic involvement of several
miRNAs in human cancers which can serve as the basis of targeted anticancer
therapies (Ali et al. 2011; Sethi et al. 2013, 2014; Ahmad et al. 2014). In the next
few subsections, we will briefly discuss our published studies that documented
deregulation of miRNAs by CDF.

3.1 miR-21 and miR-210

miR-21 is a miRNA that has been found to be associated with several cancers
(Sheedy 2015; Pan et al. 2010; Gao et al. 2012; Liu et al. 2014; Fu et al. 2011).
Being an oncogenic miRNA, its major targets are tumor suppressor genes, and it has
been found to be expressed at higher levels in cancer cells than normal cells,
potentially making it a biomarker for cancer diagnosis and prognosis as well as a
target of the development of novel therapeutics. Upregulation of miR-21 has been
found in colon cancer cells which could serve as a marker for potential recurrence
of colon cancer in patients. PTEN, a target of miR-21, is a tumor suppressor gene
responsible for the regulation of self-renewal in stem cells. Increased expression of
PTEN has been found to be associated with decreased metastatic potential of tumor
cells. Increased expression of miR-21 resulted in decreased expression of PTEN
which was in part responsible for increased invasiveness and metastatic potential of
colon cancer cells. Aggressive colon as well as pancreatic cancer cells treated with
CDF showed re-expression of PTEN, which was mediated through downregulation
in the expression of miR-21 (Roy et al. 2013; Bao et al. 2011; Ali et al. 2010).
Hypoxia causes prostate and pancreatic cancer cells to become much more
aggressive. This aggression is in part due to increased expression of miRNAs,
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such as miR-21 and miR-210, and activation of many transcription factors.
Increased expression of miR-21 has been found to be associated with increased
mesenchymal transition of tumor cells, and upon treatment with CDF, resulted in
decreased expression of these pro-metastatic genes which led to decreased cell
proliferation and invasion, as well as increased apoptosis (Bao et al. 2012b, c).

Another consequence of miR-21 in pancreatic cancer is increased Ras GTPase
activity (Ali et al. 2012). Such increased Ras activity causes increases in tumor
aggressiveness and increased cell proliferation. CDF, when introduced in vitro to
pancreatic cancer cells, showed decreased miR-21 levels which was correlated with
decreased Ras activity.

3.2 miR-200, let-7s, miR-101, and miR-143

In addition to being regulated by miR-21, as discussed above, increased Ras
GTPase activity in pancreatic cancer cells is also regulated by let-7s and
miR-143. Forced re-expression of these miRNAs in pancreatic cancer cells showed
marked reduction in GTPase activity as analyzed by western blot analysis (Ali
et al. 2012). CDF treatment of pancreatic cancer cells resulted in decreased cell
survival, invasion cell migration, and cancer stem cell function as well as decreased
drug resistance. These decreases in tumor aggressiveness characteristics can be
attributed to increased levels in the expression of tumor suppressor miRNAs such as
miR-101, miR-143, miR-200, and the let-7 family, all of which were found to be
upregulated by CDF treatment (Bao et al. 2011, 2012c, d; Ali et al. 2010, 2012).

Let-7 and miR-101 are also associated with the regulation of histone
methyltransferase EZH2. EZH2 is a regulator of cell survival, proliferation, and
cancer stem cell function. Due to its increased level of expression in human cancers,
such as pancreatic cancer, it is associated with increased aggressive behavior of
tumors. Let-7 and miR-101 when expressed in high concentration were able to
inhibit these effects of EZH2. CDF positively regulates let-7 and miR-101, thus
resulting in decreased pancreatic cancer cell survival, invasiveness, and cancer stem
cell function by decreasing EZH2 expression (Bao et al. 2012d).

3.3 miR-874

In a recent study (Ahmad et al. 2015b), we compared the direct effect of curcumin
vs. CDF on the inhibition of MMP-2 (matrix metalloproteinase-2). We focused on
MMP-2 because of its reported role in invasion and metastasis of cancer cells.
Through a number of approaches such as in silico docking, gelatin zymography,
invasion assays, and ELISA, we observed a significantly more inhibition of MMP-2
by CDF, compared to its inhibition by curcumin in lung cancer cells (A549 and
H1299 cells). As a mechanism, we noted an upregulation of miR-874, an MMP-2
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Table 1 miRNA targets of CDF

Up/downregulated

miRNA by CDF Reference(s)

Let-7s Upregulated Ali et al. (2012) and Bao et al. (2012d)

miR-21 Downregulated Roy et al. (2013), Bao et al. (2011, 2012b, c) and Ali
et al. (2010, 2012)

miR-101 Upregulated Bao et al. (2012d)

miR-143 Upregulated Ali et al. (2012)

miR-200 Upregulated Bao et al. (2011, 2012d) and Ali et al. (2010)

miR-210 Downregulated Bao et al. (2012c)

miR-874 Upregulated Ahmad et al. (2015b)

targeting miRNA, by CDF. Thus, CDF induced the expression of miR-874 which
resulted in the downregulation of its target MMP-2. These results provided another
mechanism by which CDF could exert its anticancer effects.

In summary, detailed investigations reported by our laboratory have established
a miRNA-modulating effect of CDF, which defines an important mechanism of
action of CDF for the inhibition of cell growth of human cancer cells (Table 1). As
discussed in this section, regulation of different miRNAs by CDF has been demon-
strated in colon, prostate, pancreatic, as well as lung cancer cells. Given the
versatility of CDF function, it will not be surprising to observe such effects of
CDF in other cancer models as well, an idea that is under active investigation in our
laboratory.

4 Cancer Stem Cells

Cancer stem cells, due to their resistance to chemotherapy, are currently thought to
be the cause of recurrence in all human cancers. In order to fight cancer, these cells
need to be eradicated. In a study conducted in colon cancer model (Kanwar
et al. 2011), treatment with CDF resulted in increased levels of apoptosis and
decreased cellular growth. CDF, due to its ability to downregulate cancer stem
cell properties and induce apoptosis, along with conventional chemotherapeutics
could prove to be effective in reducing reemergence of tumor growth.

Under hypoxic conditions, maintenance of cancer stem cell functions occurs
through hypoxia-inducing factor (HIF) signaling (Bao et al. 2012c). In mouse
models, in response to hypoxia-induced aggressiveness, cancer stem cell signatures
were decreased in pancreatic cancer after administration of CDF. Moreover, CDF
downregulated the expression of CD44 and EpCAM cell surface markers, which
are usually the hallmark of cancer stem cells (Kanwar et al. 2011). One way by
which CDF targets cancer stem cells is that it inhibits the formation of
pancreatospheres. Inhibiting the formation of pancreatospheres was consistent
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with gradual decrease in the expression of CD44 and EpCAM cancer stem cell
markers, which led to the inhibition of tumor growth (Bao et al. 2011).

5 Sensitization of Drug-Resistant Cells by CDF

Drug resistance is a major clinical problem. CDF has been found to be effective
against chemotherapy-resistant colorectal cancer cells which was in part due to the
ability of CDF to restore the levels of tumor suppressor PTEN (Roy et al. 2013).
PTEN is an anti-metastatic/tumor suppressing protein, responsible for self-renewal
of stem cells. This restoration of tumor suppressor PTEN was accompanied by
downregulation of miR-21 which is typically increased during drug resistance due
to the inhibition in the expression of tumor suppressor genes.

CDF was also able to resensitize pancreatic cancer cells to gemcitabine (Ali
et al. 2010). Gemcitabine resistance appears to be in part associated with
downregulation of miR-200 and increased miR-21 levels in pancreatic cancer
cells. Treatment of pancreatic cancer cells with CDF led to increased expression
of miR-200 and decreased expression of miR-21 which resulted in the gemcitabine-
resistant cells sensitive to gemcitabine, and thus induced cell growth inhibition and
increased apoptotic cell death.

6 Epigenetics

EZH?2 is an enzyme that is highly expressed in numerous human cancers. EZH2
uses epigenetic programming to regulate cancer stem cell function, proliferation of
cancer cells, and cellular survival. Treating pancreatic cancer cells with CDF, we
were able to decrease the expression of EZH2; CDF also seemed to increase the
expression of tumor suppressor miRNAs, including let-7s, miR-101, and miR-200
which were previously discussed. By targeting the EZH2-miRNA regulatory cir-
cuit, CDF inhibited pancreatic tumor growth and decreased the aggressiveness of
tumors (Bao et al. 2012d).

7 Conclusions and Perspectives

Curcumin has been widely investigated and has been proven to be a potent anti-
inflammatory, as well as an antioxidant agent with antitumor activity in preclinical
studies. However, it has been shown to possess low bioavailability, which has
rendered it clinically unacceptable. The bioavailability concerns led us to synthe-
size CDF among many other analogues that we had synthesized. We were able to
demonstrate that CDF accumulates at a greater concentration in blood and in many
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other organs, for example, the pancreas. It has now been well accepted that cancer is
difficult to treat which is, in part, due to deregulated expression of multiple
signaling pathways supporting rapid cell proliferation and evasion of apoptosis.
Therefore, cancer is a disease of multi-gene defects, and thus a multipronged
approach is expected to be a better approach for the eradication of cancer. To that
end, it is important to note that CDF is a multi-targeted agent whose antitumor
activity is mediated through deregulation of a variety of signal transduction
cascades including miRNAs, NF-xB, AR/TMPR552/Wnt signaling, epigenetic
reprograming, and attenuating the many cellular attributes of cancer stem cells.
Through these mechanisms, treatment of cancer cells with CDF causes cancer cells
to undergo apoptosis, decrease their replicative potential, and also reduce
“stemness” characteristics of cancer stem cells, thus resulting in the inhibition of
tumor growth. Moreover, CDF could serve as a powerful agent for overcoming drug
resistance, a major problem in cancer treatment. In addition, the superior bioavail-
ability of CDF together with potential of its systemic nontoxic attributes could
become clinically attractive for further development of CDF as a new anticancer
drug for the treatment of human malignancies with better therapeutic outcome.
In conclusion, CDF and other nutraceuticals or their synthetic analogues may open
new horizon in the discovery of newer anticancer drugs toward achieving the goal
to eradicate cancers.
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Prostate Cancer Chemoprevention by
Dietary Agents: Advocating a Personalized
Multi-agent Approach

Vaqar Mustafa Adhami and Hasan Mukhtar

Abstract Cancer chemoprevention research is rapidly evolving and our knowl-
edge about the disease constantly updated. There is increasing acceptance of the
fact that cancer is as diverse as the individual is and therefore needs a personalized
rather than a generalized approach. This is true for chemoprevention but is also
valid for chemotherapeutic intervention. Chemoprevention refers to the use of
agents to intervene in the process of carcinogenesis with the intention to delay or
inhibit the progression of cancer. Of all cancers, prostate cancer (PCa) is considered
an ideal disease for chemopreventive intervention because its long latency provides
a substantial opportunity to delay the onset of clinically detectable disease. Chemo-
preventive interventions need to be widely accepted and nontoxic since they would
run over long periods of time and in usually healthy populations. In search for safe
and nontoxic chemopreventive agents, many naturally occurring bioactive food
components, capable of affording protection against carcinogenesis, have been
defined. While laboratory studies with these agents have been promising, clinical
trials have not yielded desired results. Considering the fact that carcinogenesis is a
multistep process, it is unlikely that single-agent approach could prove effective in
preventing cancer in individuals. We support the need to build an armamentarium
of mechanism-based naturally occurring chemopreventive substances that could
prevent or slow down the development and progression of cancer in general and use
their tailored combination in different populations based on identified risk factors.
Thus, the new effective approach for cancer chemoprevention prevention “building
a customized mechanism-based chemoprevention cocktail of naturally occurring
substances” is advocated.
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1 Introduction

Prostate cancer (PCa) is the second leading cause of cancer-related deaths among
males in the United States (Siegel et al. 2015). According to estimates of the
American Cancer Society, in the year 2015, approximately 220,800 new cases of
PCa and 27,540 PCa-related deaths are predicted (Siegel et al. 2015). From a
practical point of view, the most effective means of controlling PCa or the mor-
bidity associated with its treatment is to establish effective chemopreventive
approaches to block, reverse, or delay the process of carcinogenesis (Mukhtar
2012; Adhami and Mukhtar 2013). Whereas the diagnosis and treatment of patients
with early-stage disease have markedly improved, the prognosis of patients with
advanced stages of disease is still very poor. The concept of reduction of PCa
occurrence by means of dietary intervention is gaining popularity and wide accep-
tance as PCa patients are increasingly using botanical supplements (Adhami and
Mukhtar 2013). For a variety of reasons, the most important of which is human
acceptance, dietary substances for chemoprevention are preferred (Adhami and
Mukhtar 2013).

It is important to note that studies around the world have indicated a positive
association of dietary agents in prevention and possibly cure of PCa. In recent
years, much progress has been made in this direction, which has led to the
identification of novel PCa chemopreventive agents (Lall et al. 2015). However,
the prevailing approach for cancer chemoprevention has been “Find effective
agents, with none to acceptable adverse effects and use them in relatively healthy
individuals or in people stated for high risk for cancer development.” This wisdom
has not yielded desired results because clinical trials of single agents have ended
with disappointing results. We argue that the lesson from these trials is that “One-
size-fits-all approach is inappropriate.” This is understandable since the process of
carcinogenesis is multistep and multifactorial.

We advocate a three-step new approach for cancer chemoprevention under
which there is a need to (1) establish the signature of defects in the individuals
for whom chemoprevention is sought, (2) build an armamentarium of chemopre-
ventive substances that could ameliorate defined biochemical defect(s) that occur in
the carcinogenesis process, and (3) develop a customized cocktail, preferably
dietary in nature, that the individual could be persuaded to consume (Fig. 1). At
first thought this goal appears simple; however, it also raises many issues related to
effectiveness and toxicity of each selected agent in a cocktail. However, in years to
come, these issues could be resolved.
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Fig. 1 Developing a prostate cancer chemoprevention cocktail. Cancer is as diverse as the
individual is and therefore needs a personalized rather than a generalized approach. Also,
carcinogenesis is a multistep process; it is unlikely that single-agent approach could prove
effective in preventing cancer. In search for safe and nontoxic chemopreventive agents, many
naturally occurring bioactive food components, capable of affording protection against carcino-
genesis, have been defined. Thus, the new effective approach for cancer prevention “building a
customized mechanism-based chemoprevention cocktail of naturally occurring substances” is
advocated

2 Diet in Causation and Prevention of Cancer

Diet is a complex mixture of chemicals and thus for cancer risk is a mixed bag of
bad and good stuff, carcinogens and anticarcinogens, respectively. Current evi-
dence for the involvement of diet in cancer etiology is based on convincing
laboratory data where dietary manipulations in rodent tumor bioassay protocols
have established a definite link. Much of the knowledge of the role of diet in human
cancer outcome however is based on indirect relationships between the consump-
tion of selected food constituents and dietary habits and incidence of cancer at
various sites. The indirect evidence, most often referred to, is the suggested
correlation between the complex of fats-meat-egg-animal protein and the risk for
cancer of various organs (Modan 1977). Carcinogenic agents identified include
food additives, plant toxicants, aflatoxins, polycyclic hydrocarbons, nitrosamines,
and certain normal major food constituents (Modan 1977). A synergistic action of
ingested or metabolized carcinogens and a co-carcinogenic function of certain
dietary components are suggested. Abundant epidemiological, observational, and
metabolic biomarker studies have provided convincing evidence that nutrition
plays an important causative role in the initiation, promotion, and progression
stages of several types of human cancers [(Mukhtar and Ahmad 1999) and the



