Accepted Manuscript

Seminars in

CANCER
BIOLOGY

Title: Nutrigenomics in cancer: revisiting the effects of natural
compounds

Authors: Cornelia Braicu, Nikolay Mehterov, Boyan
Vladimirov, Victoria Sarafian, Seyed Nabavi, Atanas G.
Atanasov, loana Berindan-Neagoe

PII: S1044-579X(17)30171-2

DOI: http://dx.doi.org/doi:10.1016/j.semcancer.2017.06.011
Reference: YSCBI 1352

To appear in: Seminars in Cancer Biology

Received date: 9-2-2017

Revised date: 4-6-2017

Accepted date: 23-6-2017

Please cite this article as: Braicu Cornelia, Mehterov Nikolay, Vladimirov
Boyan, Sarafian Victoria, Nabavi Seyed, Atanasov Atanas G, Berindan-Neagoe
Ioana.Nutrigenomics in cancer: revisiting the effects of natural compounds.Seminars
in Cancer Biology http://dx.doi.org/10.1016/j.semcancer.2017.06.011

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.


http://dx.doi.org/doi:10.1016/j.semcancer.2017.06.011
http://dx.doi.org/10.1016/j.semcancer.2017.06.011

Nutrigenomics in cancer: revisiting the effects of natural compounds

Cornelia Braicu®*, Nikolay Mehterov®©# Boyan Vladimirov®!, Victoria Sarafian®<,

Seyed Nabavi?, Atanas G. Atanasov™"”, loana Berindan-Neagoe®*!*

®Research Center for Functional Genomics and Translational Medicine, “Iuliu
Hatieganu” University of Medicine and Pharmacy, 23 Marinescu Street, 40015, Cluj-
Napoca, Romania

bDepartment of Medical Biology, Faculty of Medicine, Medical University-Plovdiv,
15-A Vassil Aprilov Blvd., Plovdiv 4000, Bulgaria

“Technological Center for Emergency Medicine, 15-A Vassil Aprilov Blvd., Plovdiv
4000, Bulgaria

d Center of Plant Systems Biology and Biotechnology, 139, Ruski Blvd., Plovdiv
4000, Bulgaria
*Department of Maxillofacial Surgery, Faculty of Dental Medicine, Medical

University-Plovdiv, 3 Hristo Botev Blvd., Plovdiv 4000, Bulgaria

fClinic of Maxillofacial Surgery, University Hospital St. George, 66 Peshtersko
Shosse Blvd., Plovdiv 4002, Bulgaria

9Applied Biotechnology Research Center, Bagiyatallah University of Medical
Sciences, Sheikh Bahaei St., P.O. Box 19395 5487, Tehran, Iran

"Department of Pharmacognosy, University of Vienna, Althanstrasse 14, Vienna
1090, Austria

'Institute of Genetics and Animal Breeding of the Polish Academy of Sciences,
Postepu 36A Street, 05-552 Jastrzebiec, Poland.

IDepartment of Vascular Biology and Thrombosis Research, Center for Physiology
and Pharmacology, Medical University of Vienna, 1090 Vienna, Austria.
KMEDFUTURE -Research Center for Advanced Medicine, University of Medicine
and Pharmacy luliu-Hatieganu, 23 Marinescu Street, 40015, Romania

'Department of Functional Genomics and Experimental Pathology, The Oncology
Institute "Prof. Dr. lon Chiricuta”, Republici 34 street, 400015, Cluj-Napoca,
Romania

*These authors have equal contribution.

Page 1 of 69



*Corresponding authors at: Research Center for Functional Genomics and
Translational Medicine, “Iuliu Hatieganu” University of Medicine and Pharmacy, 23
Marinescu Street, 40015, Cluj-Napoca, Romania and Department of Pharmacognosy,
University of Vienna, Althanstrasse 14, Vienna 1090, Austria.

E-mail  addresses: ioana.neagoe@umfcluj.ro  (I.  Berindan-Neagoe) and
atanas.atanasov@univie.ac.at (A. Atanasov)

Abstract

Nutrigenomics effects have an important role in the manipulation of dietary
components for human benefit, particularly in cancer prevention or treatment. The
impact of dietary components, including phytochemicals, is largely studied by
nutrigenomics, looking at the gene expression and molecular mechanisms interacting
with bioactive compounds and nutrients, based on new ‘omics’ technologies. The
high number of preclinical studies proves the relevant role of nutrigenomics in cancer
management. By deciphering the network of nutrient-gene connections associated
with cancer, relevant data will be transposed as therapeutic interventions for this
devastating pathology and for fulfilling the concept of personalized nutrition. All
these are presented under the nutrigenomics canopy for a better comprehension of the
relation between ingested phytochemicals and chemoprevention or chemotherapy.
The profits from the nutrigenomics progress, with a particular focus on the coding and
noncoding genes related to the exposure of natural compounds need to be validated. A
precise attention receives the evaluation of the role of natural compounds in tandem
with conventional therapy using genomic approaches, with emphasis on the capacity
to inhibit drug resistance mechanisms. All these relevant nutrigenomics aspects are
summarized in the present review paper. It is concluded that further nutrigenomics
studies are required to improve our understanding related to the complex mechanisms
of action of the natural compounds and for their appropriate application as gears in

cancer therapy.
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Introduction

Hippocrates, the father of modern medicine, asserted, “Let the food be thy
medicine and the medicine be thy food”. The classical validating examples are those
related to the Asian diet (rich in soy, fish and green tea) associated with reduced
incidence of breast cancer [1], the Mediterranean diet [2, 3] or red wine consumption
related to decreased levels of cardiovascular diseases, a phenomenon known as the
“French paradox” [4, 5]. A large number of epidemiological studies stipulate that a
healthy diet, rich in fruit and vegetables protects our body against cancer and other
chronic diseases such as cardiovascular pathology, diabetes and aging. All these
findings are attributed to the huge amount of plant secondary metabolites responsible
for flavor, taste and color. A giant class of natural compounds is retrieved in literature
as phytochemicals and has been proven to have a wide assortment of beneficial effects
in human health [6-9]. There are several options to achieve a diet rich in beneficial
phytochemicals. The simplest approach is to select phytochemicals-enriched
nutriments or other beneficial related nourishments, encompassing one or more
health-promoting products [3, 7], retrieved under the name “functional food” fortified
in essential nutrients that was proved to provide health benefits [10, 11]. Another
option is to use products enriched in bioactive agents, commonly known as
nutraceutics [9, 12]. These healthy promoting products derived from natural sources
can be used in a concentrated formula as enriched extracts or as capsules, termed
dietary supplement. The development of functional supplements is sustained by
nutrigenomics, allowing the identification of those bioactive natural compounds that
sustain a healthy genome and are properly customized for each individual genotype
and genome status. The phenomenon of crossing point concerning Nutrients - Genes
- Cancer is multifaceted and needs to be deciphered, but recent advances in
nutrigenetics as individual genetic “make-up” and nutrigenomics as the whole genes
picture sustain it.

Cancer is a multifactorial and comprehensive disease, characterized by
multiple genetic mutations and alterations of more solfeggios of pathways and
mechanisms. It is mainly a heterogeneous manifestation of similar hallmarks with
uncontrolled evolution, limited treatment potential and some degree of cure. The
natural compounds are able to target several of the altered pathways, interfering

during early tumorigenesis, but also during late carcinogenic steps, invasion, the
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proangiogenic and the metastatic phase (luteolin treatment). Dietary natural
compounds can influence cancer risk and tumour behavior. Around 30-40% of
cancers are known to be influenced by diet, being related to cancer histological type,
molecular subtype, tumor markers and prediction markers for response to therapy
[13].

The vital role of nutrigenomics in cancer management is already
ascertained. By clarifying the network of nutrient-gene-cancer connections
associated with tumor pathology, relevant data can be integrated in therapeutic
strategies and interventions for this deadly “game”. A major aim is data
integration into translational research. Nutrigenomics’ main focus is to improve
molecular understanding of the nutrition role in genomic communication and
exchanges, including the individual genotype. The concentration stands at genomic,
proteomic and metabolomics levels.

Despite many unknown mechanisms and a lack of clear understanding of the
relationship between consumption and effects, these diets can be considered a
synergism or even an additive effect as consequence of all the phytonutrients
ingested, which makes them much more difficult to investigate. The topic remains
highly debatable. This is mainly due to the wide diversity of study designs, the
selection of the most relevant cell line or animal model, and the measured endpoint.
Therefore, there is an urgent need for assessing the complex interconnections between
diet and health status by investigating the protective role of natural compounds on
human wellbeing. The obtained data should be connected with the complex
environmental exposure. Consequently, simply consuming such healthy
phytochemicals is not sufficient. Food supplies with native forms of these compounds
can achieve the maximal antitumor effect. The problem is related to the high
concentration of phytochemicals required for reaching the biological effect,
impossible to be retrieved from natural sources. Furthermore, some studies show that
the role of some natural compounds is still questionable [14]. Other works point that
biological effects of health-promoting foods can be better explained by looking not at
single constituents but at the complex, often synergistic, effects displayed by the
mixtures of bioactive compounds present in the respective food products [15]. In the
survey presented herein we discuss several types of natural compounds and their role
in cancer, in the context of their nutrigenomics effects, revealed by genomic

approaches.
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Analyzing ‘omics’ for dietary nutrients exposure pattern: a closer look at

a complex picture

Nutrigenetics is mainly focused on the evaluation of genetic and epigenetic
alterations in response to a particular dietary component, which might lead to a
change in the disease status [16, 17]. A broad variety of nutrients or phytochemicals
affects the genetic and epigenetic mechanisms (Fig. 1). Noteworthy, some nutrients
are important for the normal cellular methylation status. The mutational pattern
evaluation implies sequencing based approaches, microarrays for gene expression,
Nanostring or gRT-PCR for SNP (single nucleotide polymorphism) evaluation.
Investigation of epigenetic alterations includes assessment of histone modification,
DNA methylation, nucleosome organization, and methyl-binding proteins expression.
Epigenetic variation can be considered by an extensive choice of technologies starting
with the next generation sequencing, again microarray, pyrosequencing or a simple
gRT-PCR-array panel using specific restriction enzymes [18].

A personalized diet in the future will be established based on a particular SNP-
based test for dietary counseling. That important progress can be made based on the
information retrieved from the new high-throughout ‘omics’ technologies. The
integration of these data contributes to the advancement in the field of so-called
“personalized nutrition” in such a way that it maintains healthy status of the body.
That is how it might prevent disease apparition or could contribute to therapeutic
strategies [16]. One example is that of the olive oil bioactive components (oleic acid,
biophenols and vitamin E) able to modulate gene expression pattern with proven
utility in chemoprevention [19, 20].

Nutrigenomics as a basic definition is a new science that studies the
interaction between diet and genome. Nutrigenomics displays the interaction between
the unique genetic signature and the exposome exposure (defined as entire
environmental agents), including diet and in particular the environmental toxins.

Nutrigenomics is used for the evaluation of an altered genomic profile in
response to dietary nutrients and for the development of novel strategies that can be
applied in personalized nutrition and medicine.

Nutrigenomics was first named by Pelegrin in 2001 [21]. This investigation

line was continued by Van Ommen and Stierum. One year later, a review paper
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underlined for the first time the important role of nutrigenomics, in direct relationship
with systems biology approaches and connected the nutrition and health status, in a
multidisciplinary view [21]. Using systems biology tools, it has become feasible to
assess the biological action of a natural compound in multiple metabolic pathways,
including interactions with other nutrients, in relation to genotype, all aiming to
achieve human health benefits.

Nutrigenomics has some degrees of similarity with pharmacogenomics; one
difference is that pharmacogenomics uses synthetic chemicals whereas nutrigenomics
applies to natural bioactive agents, where the transcriptomic profile is the key
element. Dietary released agents act in a multifaceted mode and are linked to the
presence of environmental factors causing genomic alterations. Nutrigenomics brings
an important added value for cancer and other chronic diseases prevention.

Transcriptomics approaches are used for the analysis of genomic data
generated related to nutrients and include standardized protocols for coding and non-
coding (MiRNAs, IncRNA, UCG) genes [22-24]. The most frequently exploited
technologies for the evaluation of the transcriptomics signature consist of gene
expression analysis, splicing genetic variants study, particularly SNPs by microarray
and gene expression, single nucleotide variants profiling, post-transcriptional single
nucleotide variants and fusion gene deletions by next generation sequencing (RNA-
seq) [22, 23, 25]. Some of the microarray machineries allow not only the evaluation
of transcriptomics pattern but also highlights different splicing or different genetic
variants, particularly SNP. Recently Nanostring technology allows assessment of a
custom panel of coding or non-coding transcripts, focused on a particular mechanism.
Other alternatives are represented by PCR-array cards, which have a spotted panel of
target molecules for a mechanism of action study, or simple variant is by using gRT-
PCR [25]. Valid data and appropriate conclusions are obtained by bioinformatics
tools [26].

The impressive data generated by transcriptomics approaches need to be
validated. Different tools like proteomics and metabolomics analysis can be useful in
this regard. Proteomics and metabolomics approaches have as a main goal to evaluate
the protein composition or abundance and metabolic pattern in normal state and
physiological status as related to xenobiotic exposure. Proteomics and metabolomics
methods imply the utilization of throughput techniques based on mass spectrometry
(MS) and nuclear magnetic resonance (NMR) [27]. These methods ensure high
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sensitivity, accuracy and rapidity to determine thousands of proteins or metabolic
products in a single experiment [26, 28]. Proteomics identifies the expression level of
proteins of interest, posttranscriptional alteration, or particular protein-protein
interaction, at a specific and precise moment in a biological system [28].

Metabolomics profiles metabolites and can be used to track the biochemical
alterations in different cancer types. Metabolomics evaluates a variety of
small molecules, like sugars and amino acids constituting the substrates or
intermediates for a multitude of cellular processes. Proteomics and metabolomics
changes are interconnected. They determine the role of different protein interactions
responsible for physiological and pathological processes. These two approaches are
used for the evaluation of the phytochemical’s metabolism (quinones or
semiquinones) [29], but also for the assessment of the whole proteomic cell pattern,
particularly at the level of the tissue or the entire body [26]. They are very useful for
the identification of metabolic alterations, particularly the Warburg effect retrieved in
the case of cancer cells, characterized by a high glycolysis rate followed by lactic acid
fermentation, requiring a high amount of glucose [30].

The use of ‘omics’ allows to implement advanced protocols for the
investigation of molecular alterations and to deliver reliable connection between
medicine and nutrition. Natural compounds affect coding and non-coding genes and
proteins, and their therapeutic role still need to be elucidated. Currently, preclinical
tests are available, but these data still need to be analyzed and integrated [31].

Nutrigenomics methods evaluate the transcriptomics pattern alteration caused
by these natural agents, leading to the identification of molecular targets related to
prevention, delay of the cancer progression, or reducing the side effects caused by
chemotherapy. This implies the use of the relevant functional genomic tools and an
appropriate bioinformatics analysis to evaluate the effect of a nutritional stimulus [16,
17].

Biologically active phytochemicals in the genomic puzzle and their

implications in cancer therapy

The 'omics' technologies will shift the paradigm in our understanding of
nutritional agents, allowing to see the full picture of the puzzle, not only some pieces.

All cancers are characterized by molecular and cellular alteration. In the acquisition of
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a malignant phenotype, the diet plays a major role. The integration of all the genomic
data, solving the nutrition-genomic puzzle, will support implementing the concept of
personalized nutrition (Fig. 2).

Phytochemicals are plant non-nutritive chemicals [32], being synthesized as a
defense system and being responsible for the color, taste and aroma of fruit and
vegetables [33]. Presently, there is a vast amount of phytochemicals described [33],
being classified as polyphenols, terpenoids and thiols.

The flavonoids are represented by flavones (kaempferol and quercetin),
flavonoles (apigenin and luteolin) [34], isoflavone (daidzein and genistein),
flavanones (naringenin and hesperidin), flavan-3-ols (catechins and gallocatechins
isomers) and anthocyanins [35]. Traditional medicine used for hundreds of years an
extensive variety of plants, rich in flavonoids [36]. Epidemiological data available
demonstrate that the consumption of citrus is beneficial due to the high amount of
flavanones, mainly naringenin and hesperetin [37]. The flavones and isoflavone are
considered to be phytoestrogens [34], being able to interfere with sex hormone-
mediated molecular pathways [37, 38]. The flavonoids were proved to target
oestrogen receptors in human breast cancer cells [39], or androgen receptors (AR) in
prostate cancer [40]. A synthesis of their influence in the genomic puzzle is

summarized in Table 1.

Many phytochemicals are certified to have anti-carcinogenic effect in
preclinical and clinical studies. Flavonoids are candidates as genomic modulators in
signaling pathways for breast [109, 110], colon [46, 54], liver [111, 112], prostate
[113, 114], ovarian [115], and lung cancer [105] inhibition of invasion and
metastasis. Moreover, an important progress has been done in deciphering the
complex mechanism of action of these natural compounds at cellular and molecular
level. Known mechanisms of action are summarized in Fig. 3.

Several meta-analysis represent interesting results encompassing
nutrigenomics and cancer risk. A meta-analysis study reveals the protective effect of
dietary flavonoids against ovarian cancer and a reduced risk of ovarian cancer except
for flavones consumption [115]. A similar meta-analysis exposes that flavonoles
and flavones are correlated with a reduced breast cancer risk, particularly among post-
menopausal women [116]. Esophageal cancer risk was reduced by the ingestion of
dietary intake of total flavonoids, anthocyanidins, flavanones, and flavones as recently
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a meta-analysis indicated [117]. Therefore, these bioactive compounds represent a
valuable source for the development of novel antitumor therapeutic strategies [6].

Chemoprevention and its stars: the natural compounds

A large category of foods including fruit and vegetables, cereals, nuts and
cocoa or even different types of black and green tea, green coffee and red wine are
studied in relation with cancer chemoprevention and chemotherapy. An impressive
amount of plant-based food classes and dozen classes of phytochemicals are studied
in cancer [118]. The major classes of bioactive phytochemicals used in cancer
chemoprevention and therapy cover carotenoids, phenolic compounds, or phytosterols
derivatives [119].

Chemoprevention was described in different epidemiological-based studies,
underlining the relationship between a reduced cancer risk and an increased
consumption of different classes of biologically active agents as functional food or
enriched plant extracts formulated as nutraceutical [120]. An apparent disadvantage is
related to the high doses required to achieve the biological activity and stability.
Generally, some flavonoids exert a selective toxicity on tumor cells, and reduced or
no effect on normal cells [83]. The side effects are very rarely retrieved, in preclinical
and clinical studies, generally at very high doses and associated with carotenoids. An
example is the case of carotenoids that were proven to have an important antioxidant
effect in in vitro cell culture-based study. But once applied in in vivo models or
clinical studies, their pro-oxidant activity became dependent on the redox potential of
the carotenoid molecules as well as on the biological environment in which they acted
[121]. Even the above mentioned pro-oxidant activity [102], in different biological
systems might be responsible for therapeutic effects or unwanted side effects, like the
formation of quinones or semiquinones generated by polyphenols oxidation [83, 122].
Also, it is still difficult to demonstrate what is most relevant for the shown biological
activity, the bioactive agent or the oxidized product [83]. The biological effects,
particularly the antitumor effects of phytochemicals are produced by integral
processes related to absorption, transport, biotransformation, cellular and molecular
action pathways, as well as to excretion mechanisms [16]. The effects are cell type

specific and difficult to separate in high and low dose-dependent. This is the case of
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estrogenic activity that is increased in bone cells and inhibited in breast cancer cells
[123].

The main issue related to these natural compounds, is the pro-oxidant action at
higher doses. Also the bioactive agents, act different in the presence of different

environmental toxic or beneficial agents [124].

Plant-derived phytochemicals implication in genetic alteration

The most frequent genetic variations in humans are SNPs, used to map the
human genome [125]. A recent progress is related to next generation sequencing
approaches that allowed the identification of important genetic heterogeneity of the
human population [126]. Until present, thousands of genetic regions were evaluated
(over 16,000 SNPs). These multiple genetic variants influence the phytochemicals’
biological activity [127]. Many plant phytochemicals interfere with the human
genome, thus generating a broad assortment of genetic variants-determined responses.

A SNP or a haplotype is not always related to a specific disorder, but in most
of the cases is negatively affected by the presence of the environmental toxic agents
or positively affected by chemopreventive agents [18]. An increased interest was
registered in the assessment of proofs related to SNP and diet interactions. SNP
evaluation is able to serve as an important instrument for the impact of dietary habits
in human health and disease prevention [16, 18, 30]. Significant interactions between
phytochemicals and the antioxidant defense system, as well as with cellular
metabolism (phase I/l detoxification system), are already known. SNPs play a
significant role not only in cancer but also in inflammation,
neurodegenerative diseases and metabolic disorders [128]. SNPs can lead to the
alteration of key cellular pathways or can have an effect on the capacity to interact
with natural phytochemicals [55, 125, 129].

The mechanism of SNPs impact is mainly caused through metabolic
inefficiency, as in the case of the methylenetetrahydrofolate reductase
gene (MTHFR). This gene is involved in the metabolism of folate and homocysteine
blood homeostasis. Increased level of homocysteine is connected with cardiovascular
diseases and colon cancer risks as a result of their nutritional requirement. The needs
of folic acids supplementation are much higher due to the fact that choline is required
as a methyl donor for MTHFR gene [126]. A key polymorphism is (677C—T)
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causing the production of a variant of the methylenetetrahydrofolate reductase
(MTHFR) gene, responsible for the synthesis of 5-methyl THF. It is connected with
increased homocysteine concentrations, reduced global DNA methylation, or linked
with much pathology like the neural tube defects and venous thrombosis [130].

Natural phytochemicals can act as chemopreventive agents and this
consequence is related to their specific interaction with genes (that have different
SNPs), either in the presence of a particular carcinogenic or anticarcinogenic agent,
that can increase/decrease or have no beneficial effect. The cytochrome P450 (CYP),
a phase | detoxification enzyme, is a major player in drug metabolism, including those
associated to natural compounds. Increased number of particular SNPs were related
with its catalytic activity [129]. The most important polymorphic CYPs were found to
be 1A2, 2D6, 2C9 and 2C19. Thirty-four frequent allele variants retrieved for the
Caucasian population have displayed an altered catalytic activity of this enzyme
[129]. Another example is that related to the glutathione S-transferase P1
(GSTP1) gene, a phase Il detoxification enzymes, that has been shown to have 10
promoter polymorphisms, grouped in 3 main haplotypes [131, 132].

Natural plant products, such as soy isoflavone, curcumin, resveratrol and tea
polyphenols can modulate the repair potential or redox activities of APE1/Ref-1 or
their capacity to interact with other mechanistic components. The presence of certain
SNPs: Thr232 phosphorylated in Alzheimer disease; genetic variants of APE1/Ref-1,
XRCC1 and XRCC3 in Parkinson disease; LeulO4Arg, Glul26Asp, Aspl48Glu,
Asp283Gly and Gly306Ala in its Amyotrophic lateral sclerosis, can be a reason for
unbalanced response to external and internal stimulus, leading to increased oxidative
stress, or modified as a consequence of its interactions with phytochemicals [55].

EGCG physically interacts with the ligand-binding domain of AR (androgen
receptors), leading to the modulation of transcriptional activation. Treatment with
EGCG inhibits transcriptional activation by a mutant AR hotspot (T877A), having
ectopically similar expression to the endogenous mutant AR. Moreover, EGCG
represses methyltrienolone R1881-induced cell growth is observed in prostate cell
lines and animal models [133]. AR play an important role in early and advanced
prostate cancer. AR sustain cell growth, thus representing the major drug target [133].

EGCG can directly bind to TNF receptor associated factor (TRAF) [134],
which is important in the regulation of tumorigenesis and invasion via the NFkB

pathways [135]. It was also confirmed using molecular docking approaches that
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EGCG probably interacts with TRAF6 at the GIn54, Gly55, Asp57 ILe72, Cys73 and
Lys96 residues. Thus, the mutations at these loci could influence the EGCG
proapoptotic effects via death receptors [134]. Catalase SNPs (G-844A, A-89T, and
C-20T) were proved to be connected with a lower efficiency of diet for preventing the
malnourishment of the elderly subjects. Catalase genotyping is a marker of the
nutritional status [136].

Plant-derived phytochemicals as gene expression modulators beyond

hallmarks of cancer

The transcriptomics profiling studies allow the biological significance
evaluation of all these agents in different biological systems relevant for cancer
development [137]. Several cancer—inducing mechanisms have been clarified using
the genomic approaches. Nevertheless, the capacity to modulate signal transduction
cascades and to activate transcription factors that antagonize with carcinogenesis
mechanisms have attracted considerable interest. Transcription factors are binding to
the response elements contributing to the triggering or inhibition of gene expression.
Their direct or indirect mode of action allows targeting of a number of cancer-related
signaling pathways. Integrating all this information together will lead to a better
comprehension of the complex picture of the antitumor effect of phytochemicals in
the post-genomic era. Data are summarized in Table 2.

Many nutrigenomics studies show the beneficial effect of natural compounds
in combination with standard therapy, especially in the aspect of an increased
chemotherapeutic efficacy. In rare cases present as activating the compensatory
mechanism as in triple negative breast cancer [138], or stimulating drug resistance
mechanism, like the chemoresistance induced by genistein treatment in HCC [139].

The natural phytochemicals are able to target a multitude of key genes in
cancer hallmarks leading to carcinogenesis. The different proposed mechanisms for
chemoprevention and anticancer activities of the natural phytochemical agents are
summarized in Fig. 4. These include not only the antioxidant activity but also the
inhibition of mitogen-activated protein kinase (MAPK), nuclear factor-xB (NFxB),
activation of apoptosis (BCL-2 or p53) or autophagy, angiogenesis (Wnt/p-catenin),
invasion and migration [140]. The complex effect of natural compounds is

summarised in Fig. 5.
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Antioxidant effect. The nutrigenomics added a multipart view on the
antioxidant mechanism deciphering partially the complex role of natural
phytochemicals in early events of chemoprevention or in chemotherapy processes.
During the evolutionary process, the human body developed a comprehensive and
sophisticated antioxidant system, composed of antioxidant enzymes (superoxide
dismutase, catalase) and non-enzymatic molecules (glutathione) in order to cope with
imbalanced production of reactive oxygen species (ROS). The later are produced in a
high rate in response to some internal or external stimuli, a condition known as
oxidative stress. Frequently the body antioxidant system is unbalanced and leads to
oxidative damage of a wide range of biomolecules, including lipids, DNA/RNA or
proteins. Recently a new group of polymeric oxidized flavanols, like the quinone
produced by the oxidation of EGCG, captured the attention as a powerful antioxidants
with an effective biological activity in cancer therapy [141]. The oxidized catechins
containing a galloyl moiety to quinone are related to activation of electrophile-
responsive element (EpRE), being connected to activation of glutathione (GSH) [29].
Therefore the induction of the pro-oxidant mechanism [142] is not always related to
harmful effects. EGCG at doses higher than 50 uM have prooxidant effects, leading
to the activation of autophagy and significant antitumoral effects [142]. EGCG doses
lower than 100 pM act as inhibitor of transcription factors that sustain cell
proliferation. Our experience showed that doses over 50 uM all catechins isomers
acts as pro-oxidants [83, 122], such as quercetin (50 uM), which generates
mitochondrial superoxide radical in cell culture [124].

The activation of reactive oxygen species (ROS) production is among the first
events in cancer. The natural phytochemicals act as antioxidants and have the capacity
to serve as scavengers of ROS and counterbalance reactivity caused by ROS during
metabolic processes [143]. It was demonstrated that the ROS possess a dual role,
being also an important cell signaling mediators through the activation of cytokines
and hormones secretion or by regulating redox-responsive transcription factors [144].
Occasionally, the plant phytochemicals can exert a pro-oxidant effect, dependent on
dose, time of exposure or on the association with metal ions (iron or copper) [145].
For example, resveratrol has the capacity to mobilize copper in lymphocytes, thus
leading to the activation of the mechanism of DNA oxidative damage in leukemias
and meanwhile triggering pro-oxidant mechanism [141]. Another example includes
quercetin, which is able to activate ROS-dependent apoptotic mechanism via
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Sestrin2/ AMPK/mTOR in colorectal cancer cells [46, 141]. The classical example is
represented by EGCG, a compound with a dual pro and antioxidant effect that even
can induce DNA damage [146].

Genomic stability and non-genotoxic effects of dietary phytochemicals.
Several phytochemicals proved to serve as health promoters. Their relationship to
environmental toxicology, particularly for the maintenance of genomic stability
correlates with increased ingestion of natural phytochemicals via ROS detoxifying
mechanisms. A higher level of ROS is connected with some promutagenic lesions in
DNA that can represent an early carcinogenic event. Algae extract rich in fatty acids,
lutein, PB-carotene and o-carotene was proved to protect against environmental
genotoxic factors that cause ROS production [147]. The micronuclei and comet assay
revealed that pelargonidin and chlorogenic acid have protective effect against
genotoxic agents [148]. Similar data were obtained in the case of grape seed extract,
enriched in resveratrol, ellagic acid (polyphenol produced in the large intestines of the
human body and found in many foods, with cancer healing properties) and lycopene.
All studies emphasize their importance in the activation of the DNA-repair pathways
[149].

Detoxification mechanism. Usually, interrelated pathways can be found in
the detoxification mechanism. The genomic “tools” represent a valuable instrument to
study it in the context of human health. The phytochemicals can activate the cellular
protection mechanism by targeting different stress-related proteins and transcription
factors. The chemoprevention mechanisms are acting mainly via phase-1 drug-
metabolizing enzymes CYPs inhibition, followed by forced expression of phase Il
conjugating-enzymes [150]. The phenomenon is seen not only as altered expression
level or a response to toxic injury but it also produces different SNPs that affect the
reaction against the same compound. These classes of genes have an essential role in
personalized nutrition [129].

An important player in the detoxification mechanism is nuclear factor
erythroid-2-related factor 2 (Nrf2) that binds to Keapl proteins, leading to the
activation of cellular defense mechanism via the detoxifying/antioxidant enzymes.
These genes are regulated through a consensus cis-element at the 5’-flanking promoter
region, depicted in the literature under the name of antioxidant responsive element
(ARE) or electrophile response element (EpRE), localized in the promoter region of
regulated genes. This element produces a relevant answer in cellular defense against
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oxidants and electrophiles agents [151]. Extensive research has been conducted both
in vitro and in vivo and demonstrated the pivotal role of Nrf2 in the regulation of
ARE-mediated gene expression. A plant extract enriched in EGCG was connected
with an important activity of the phase Il detoxifying enzymes via ARE in hepatic
cells. EGCG induces a low activity of Nrf-2-ARE binding in lung cancer cells [150].
EGCG exposure was connected with an increased level of phase Il detoxifying
enzymes (GST and NQO) in an extensive number of cancer cells such as liver, breast
and prostate cancer cells[151].

Inflammatory mediators. The main mechanism of natural phytochemicals to
interfere with gene expression is via transcription factors, where a multitude of
inflammatory mediators is activated [152]. The modern concept in cancer biology
reveals a clear link between inflammation and oncogenesis. The tumor
microenvironment contains a comprehensive list of these inflammatory mediators that
are essential for tumor development, progression, invasion, and metastasis. Many
different cell types, including immune inflammatory cells, serving as the main source
of inflammatory cytokines, compose it. The later have pleiotropic effects on cells in
the tumor microenvironment such as impaired apoptosis, increased proliferation,
angiogenesis and invasion. The genomic studies using phytochemicals reveal their
capacity to act on inflammatory mediators and activate transcription factors [144].
The dietary nutrients can interact and cause the suppression of MAPK, NFkB, COX-
2, INOS, STAT signalling or inflammatory cytokines, thus targeting the main
inflammatory mechanisms related to cancer [153].

Nuclear factor kappa-light-chain-enhancer of activated B cells (NFxB) is one
of the most well-known family of transcription factors in inflammation and cancer.
Generally this pathway is activated by ROS or by inflammatory mediators and is
inhibited by many polyphenolic compounds [154, 155]. NF«xB inhibition by
phytochemicals leads to a reduced cell proliferation or an increased sensitivity to
chemotherapeutics such as CAPE [104, 154]. Resveratrol was observed to decrease
the p-ERK expression and increase the p-JNK expression in nigrostriatal pathway
injury mice model compared to the control group, but does not affect p38 MAPK
proteins expression. The same treatment decreases IL-13, TNF-a and IL-6 [156]. Also
LPS-induced inflammation was reduced by resveratrol via inhibition of
phosphorylation of NF-xB, CREB and MAPKSs family in a mTOR-dependent manner
in murine glial cells [157]. STAT pathways are proved to be altered in a wide range of
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cancers and, represent very well-studied therapeutic target. The development of
resveratrol-Caffeic acid hybrids, able to target STAT pathways, displayed good
therapeutic efficiency once tested on breast cancer xenograft tumor models [158]. In
lung cancer resveratrol targets STAT3 signalling pathway via induction of SOCS-1,
and was able to act as a sensibiliser to therapy [159].

Apoptosis and cell cycle arrest. The genomic underpinnings of apoptosis and
cell cycle regulation in normal and physiological status are modulated by
phytochemicals. Disabled apoptosis is prone to genomic instability; therefore this is
the main protective mechanism against the tumorigenesis, being centred to eliminate
all the cells that are unwanted or genetically damaged [160, 161]. EGCG is a well-
known natural compound that was demonstrated to have the capacity to induce
apoptosis [138] and cell cycle arrest in many cancer cells without any effect on
normal cells [161]. EGCG was able to target both intrinsic and extrinsic pathways
irrespective of the presence or absence of the p53 gene in prostate [162], breast cancer
[138], cervical cancer cells [163] or oral cancer cells [164]. In some cases, the EGCG
treatment was connected with the activation of antiapoptotic genes BAG3, XIAP,
RIPK2 [138]. These mechanisms responsible for resistance to therapy counteract with
other therapeutic agents in order to achieve the maximal therapeutic efficiency and
the minimal toxic effects [165]. TRAF6 (TNF Receptor-Associated Factor 6) plays an
essential function in signalling transduction of the apoptotic mechanism and was
overexpressed in melanoma. EGCG had a double role: EGCG treatment activated the
apoptosis-related genes, but also those related to cell growth and metastasis. In
another study it has been shown that resveratrol treatment is followed by up-
regulation of Bcl-2 and downregulation of Bax [134].

Resveratrol guards normal cells against DNA damage and specifically
activates apoptosis by modulating anti- and pro-apoptotic mediators. Resveratrol
targets the p53 pathways and stresse-activated protein kinases [166]. The dual
combination of curcumin plus resveratrol treatment, decreased the expression of Fas,
FasL, Bax, Bcl2, and Apafl along with the inhibition of the main activated kinases
(ERK1/2, p38 and JNK), thus emphasizing their important role in chemoprevention
[111].

Autophagy. Autophagy is a critical mechanism for sustaining cytoplasmic
and genomic integrity. It has been shown that the process is influenced by

intracellular and extracellular stresses, including natural phytochemicals [167].
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Autophagy is partially reversible, but once it becomes irreversible, always leads to
cell death [168]. An increased autophagy flux might be connected with lysosomal
membrane permeabilization and dysfunction of mitochondrial membrane potential,
both leading to cell death via death receptors and caspase activation. By targeting
DR5, EGCG was proved to activate the autophagy flux mechanisms, thus causing the
TRAIL-induced apoptosis in TRAIL-resistant cells [167]. Another study emphases
the importance of the EGCG-triggered autophagy for boosting the effect of
doxorubicin in Hep3B cells [169]. Resveratrol induces autophagy and modulates cell
death by targeting death-associated protein kinase 1 (DAPK1) in human dermal
fibroblasts [170]. The same molecule was able to induce autophagy cell death via Cap
(2+)/AMPK/mTOR in A549 lung cancer cells [171].

Genistein treatment was proved to induce autophagy-caused cell death in
ovarian cancer cells. This has an important application in cancer therapy, preventing
drug resistance caused by the altered apoptotic pathway [172]. A similar study on
endometrial cancer cells treated with resveratrol reveals the capacity to modulate this
process via ATG5 or ATG7. Another noteworthy fact is the capacity of CAPE to
modulate drug resistance via autophagy. The relationship of the survival pathways
MAPK, NF«B and autophagy still remains controversial [104]. This continues to be
an intriguing point that needs to be deciphered in the context of system biology, based
on latest genomics approaches.

Angiogenesis in the context of invasion and migration

Angiogenesis is the process of the formation of new blood vessels. This
mechanism is absolutely essential in cancer progression; therefore, it represents an
important target for the prevention of tumor growth and treatment. There is well
known that the dietary components cannot be used as single therapy. There are some
investigations that provide information on the ability of natural phytochemicals to
modulate tumor angiogenesis, including some from our group [138, 173]. The
inhibition of both VEGF and its related receptors was evaluated in a wide range of
preclinical studies using natural phytochemicals [173]. Resveratrol inhibits
angiogenesis, and is capable to inhibit VEGF (vascular endothelial growth factor)
expression via HIF-1a [174]. From the other side, HIF-1a is inhibited by a wide
range of natural compounds. EGCG significantly decreased HIF-1o expression and
leads to the inhibition of angiogenesis as it is demonstrated both in vitro and in vivo
studies. Also it inhibits EMT, invasion and migration on A549 lung cancer cells [91].
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EGCG reduces tumor growth and suppresses carcinogenic molecular signals
such as Notchl, MMP-2/9, and proliferating cell nuclear antigen on cell cultures
study and animal models representative for cholangiocarcinoma [175]. In lung cancer
preclinical studies, EGCG is shown to activate apoptosis, moreover it targets Wnt/p3-
catenin pathway and is associated with the self-renewal and maintenance of CSCs
[44]. EGCG has a complex mechanism of action at the genomic level and modulates
oestrogen related genes [176]. Daidzein and genistein have a significant impact on
gene expression pattern in breast cancer cell lines [177]. However, these two
phytoestrogens have reversed effect on gene expression in BRCA1 transient cells
[178].

Phytochemicals and non-coding gene modulators

Non-coding RNAs genes (ncRNAs) are transcribed as small regulatory
transcripts and the most relevant ones are represented by microRNAs (miRNAs) and
long noncoding RNAs (IncRNAs)[187]. These noncoding modulators have received
an increased interest in the last years as biomarkers or therapeutic strategy [22, 188].
MicroRNAs (miRNAs) are small molecules involved in posttranscriptional gene
regulation. These 19-25 nucleotides transcripts have the capacity to bind to the 3'-
UTRs regions and finally lead to translation repression or mRNA degradation [187,
189]. It is worth mentioning that a single miRNA is able to target multiple genes, or
an mRNA transcript can be targeted by multiple genes involved in cellular processes
[22, 190, 191]. Long non—protein coding RNAs (IncRNAs) are another important
class of transcripts. They are over 200 nucleotides in length and are related to the
regulation of cellular mechanisms [24, 187, 188, 192, 193].

Based on their role in molecular processes, the non-coding genes are classified
as oncogenic or tumor suppressors nCRNA [24, 187-189]. These sequences have
important application in therapeutics, restoring the normal level of these transcripts
re-establishing the physiological mechanisms [24, 189-191]. Natural phytochemicals
are generally small molecules able to modulate the miRNA expression levels and to
key regulatory networks, directly or indirectly (Table 3).

MiIRNA regulation is influenced by natural phytochemicals. An extensive
range of genomic studies demonstrated this fact. What is more, phytochemicals are

able to target the miRNA pattern, this alteration being cell specific and influenced by
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the administered dose. Using bioinformatics approaches targeted genes were
identified to be related to the most frequently altered miRNAs or INCRNAs [190]. The
mechanism of miRNAs regulation is mainly via targeting transcription factors or
epigenetic mechanisms [194, 195]. Another possibility is to interfere with the
biogenesis and maturation of miRNAs[25]. In silico modelling is useful for prediction
of phytochemicals’ interaction, but the validation of these prediction models is
difficult. 1t was shown by *H NMR spectroscopy that resveratrol and EGCG directly
bind to two miRNAs (miR-33a and miR-122) [188]. This specific mechanism of
direct binding to target miRNAs represents a new avenue to explain the
posttranscriptional mechanism related to antitumor effects [188]. Another in silico
modelling showed that EGCG is a direct agonist of androgen signalling, followed by
the overexpression of miR-330 and downregulation of miR-21 [133]. CTR1 (copper
transporter 1), a transmembrane solute carrier transporter, is connected to
intensification of the cellular uptake and sensitivity to cisplatin. EGCG was able to
increase the expression level for CTR1 in lung cancer cells and xenograft mice [50].
The same gene was modulated in ovarian cancer, being connected with an increased
accumulation of cisplatin, where miR-98 suppresses both CTR1 and the nuclear
enriched abundant transcript 1 (NEATL1). Interestingly, both mechanisms are
modulated by EGCG treatment [182].

Resveratrol treatment induced an altered miRNA pattern, containing 71
mMiRNAs overexpressed in lung cancer cells [196]. Resveratrol targeted apoptotic and
cell cycle machinery by affecting tumor suppressor miRNAs (miR-125b-5p, miR-
200c-3p, miR-409-3p, miR-122-5p and miR-542-3p) in breast cancer cells [87]. In
colon cancer cells resveratrol treatment altered the expression of 46 miRNAS, most
of them with oncogenic role, by targeting TGFpB pathways [197]. Treatment with
genistein or daidzein had comparable effect on miRNA pattern as revealed by PCR-
array evaluation, possibly due to the similar chemical structure and molecular
interactions [198].

LncRNAs investigation gained increased interest due to their functional
importance in pathological conditions. An increased number of studies demonstrated
that INCRNAs are engaged in the regulation of various cellular processes. HOTAIR is
a well-known upregulated oncogenic INCRNA in several cancer types. It interferes
with PI3K/Akt signaling pathway and was proved to be downregulated by genistein,
in breast cancer cells [69].
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The capacity of resveratrol (25 umol/L) to modulate ncRNA profile was
shown in a profiling study in lung cancer cells. The bioinformatics analysis reveals 21
INcCRNAs upregulated and 19 IncRNAs downregulated in the in vitro
model. AK001796 was the most overexpressed in lung cancer tissue and cell line, and
resveratrol was able to inhibit this INCRNA[88]. In prostate cancer cells genistein-
induced inhibition of HOTAIR via modulating the overexpression of miR-34a [67]. It
was demonstrated that ncRNAs play a significant role in drug resistance. Recently,
EGCG showed the capacity to inhibit drug resistance via NEAT1/mir-98 crosstalk in
lung cancer cells [50].

Phytochemicals proteomic and metabolomics alteration

The pro-oxidant effect can be also responsible for activation of the immune
response [102, 141]. Generally, the pro-oxidant effect is difficult to be demonstrated
after intestinal absorption except in the case of polyphenols, where some
modifications of the polyphenol backbone can be seen. The novel proteomic and
metabolomics approaches can be a good solution to solve this issue. Proteomic
analysis revealed that EGCG leads to the alteration of the expression levels of various
proteins (HSP27, porin, tropomyosin 3 isoform 2, prohibitin and keratin 5, 14, 17), in
bladder cancer cells, that finally leads to apoptosis [203]. EGCG treatment was
related to the inhibition of AKT kinase activity and the alteration in the expression
levels of the main apoptosis related proteins, like Bcl-2, Bax and BAD [203].

A recent proteomic study using high-resolution mass spectrometry (MS) in
tandem with TiO2 phosphopeptides enrichment and stable isotope labelling by amino
acids (SILAC) permitted the identification of 1177 phosphorylation sites on 635
unique proteins. The bioinformatics analysis revealed novel-signalling components
targeted by these compounds. These proteins were grouped in different classes of
receptors, signal adaptors, protein kinases, protein phosphatase regulatory subunits,
and transcription regulators at single or multiple sites [204]. Other study using micro-
western array technology revealed that CAPE is modulating the antiproliferative
pathway via cell cycle regulation, targeting Skp2, p53, p21°"*, and p27KiPtin prostate
cancer cells [205].

P-glycoprotein (P-gp), multidrug resistance-associated proteins 2 and 3
(MRP2 and 3) and breast cancer resistance protein (BCRP) are efflux pumps that play
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a key role in cancer chemoresistance and were proved to be modulated by
polyphenols. Genistein (GNT) is well known as estrogen mimetic and was proved to
exert its genomic properties via Estrogen-Receptors and Pregnane-X-Receptor (PXR)
a key protein related to multidrug resistance genes. GNT in concentration of 1.0 and
10 uM was able to inhibit PXR and activate P-gp. The activation of MRP2 was
observed only at 10 uM in HCC. In HCC cancer, genistein treatment was correlated
with an increased resistance to therapy [139]. Therefore, phytochemicals can
increase or decrease cancer chemoresistance, the effect depending of the cell type
and exposure dose. Most of the studies report an increased therapeutic efficacy in the
presence of these natural compounds, as it is presented in Table 4.

Phytochemicals as adjuvants in cancer therapy: myth or reality?

Latest discoveries in cancer therapy, particularly in preclinical models include
a wide range of combination of low doses of natural phytochemicals with
conventional therapies. Accordingly, most of the combinatorial strategies prove to
have an additive or even a synergic effect, presented in Table 5. The most important
to mention was the reduced toxicity caused particularly by chemotherapy or
radiotherapy when used in combination with a natural bioactive agent.

EGCG, a relevant chemopreventive agent, when used in combination with
standard chemotherapies, inhibit sphere formation, a particular phenotype responsible
for drug resistance caused by the presence of cancer stem cells [112]. The biological
activity of these compounds was relatively reduced. That is the case of the EGCG
effect that induce a very low reduction of cell proliferation in a resistant HCC cell
line, but when administered with Doxorubicine the antitumor effect is much higher
even at lower doses [207, 208].

The synergic effect with classical chemotherapy in the case of EGCG or its
related derivatives was observed in a wide range of human cell lines. Other examples
are those related to the case of resveratrol, that inactivate the chemoresistance
mechanism via inhibition of epithelial-to-mesenchymal transition (EMT)
mechanisms, by decreasing the expression level for vimentin and slug, increasing the
expression level for E-cadherin. In the same time, the down-regulation of NF-xB
activation and the translocation at nuclear level and inhibition of MMP-9, caspase-3
was observed [209]. The same compound was proved to enhance 5-
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fluorouracil chemosensitivity via inhibiting suppressed Notchl, Bmil, Suz12, and
Ezh2, connected with the upregulated self-renewal suppressive-miRNAs (miR-34a,
miR-145, and miR-200c), the key pathways targeted by 5FUR [210].

Genistein treatment along with inhibition of miR-223 could reverse EMT
phenotype and increase chemotherapeutic drug sensitivity to gentamicin in pancreatic
cancer models [211]. Copper transporter 1 (CTR1) is a copper influx transporter,
which promotes an important fraction of cDDP internalization in tumor cells,
including in the case of lung cancer. It was proven that EGCG-induced CTR1 in
NSCLC in vitro and in vivo via mir-98-5p and NEAT1, had as final effect an
increased response to cisplatin [50]. In another study on ovarian cancer cell lines
EGCG reduces the resistance to Cisplatin (cis-diamminedichloroplatinum, cDDP),
mainly via CTR1, no other copper transporters were involved. These data were
validated on xenograft animal models, and it was shown that EGCG is able to reduce
the nephrotoxicity caused by cDDP [182]

In our opinion, the natural compounds could be considered as a good source
for discovery of new therapeutic strategies in a varied range of pathologies outside
cancer. The nutrigenomics and nutrigenetics approaches are valuable tools to see the
whole picture of the puzzle starting with the deciphering of the form retrieved in
natural matrices. Another important issue is the understanding the cellular and
molecular mechanisms of action of a single agent or combination of these natural
compounds. By applying computational tools to the analysis of the structure of natural
compounds or their related derivate can be a beneficial resource for the next
generation drug discovery [213]. Therefore, these modern methods are anticipated to

validate proof of concept prior to become a reality.

Conclusion and perspectives

It is clear that these natural phytochemicals act as key signaling molecules as
one might observe from the nutrigenomics pattern of these molecules. In spite of the
increased number of investigations, the results remain inconclusive, and only few
cases are implemented into clinical trials. These preclinical data are useful and can

serve as a base for developing novel antitumor agents, with superior
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pharmacologically and biologically active effects. The failure of some clinical trials
can be justified by the lack of natural matrices retrieved in the natural source. The
enriched plant extract can be delivered in a partially oxidized form, due to the low
stability of these natural phytochemicals. The genomic investigation allows the
biological elucidation of the capacity of phytochemicals to modulate transcriptomics
profiles, which is a highly complex task. An important role in the validation of
preclinical data on clinical trials is to consider the environmental risk factors that
might affect the disease model making the validation on humans very difficult. The
different toxic environmental exposure is a major component of genomic studies
related to natural compounds as benefactors in cancer neoadjuvant chemotherapy.
This might create a different response rate, or a combination of toxic agents with
phytochemicals. An important role is played by epigenetic events and their
relationship with transcription factors.

Prior to become a true daily reality, nutrigenomics is anticipated to validate
proof of concept for its main identified mechanisms, and then to be implemented in
clinical practice. Diverse pro/contra opinions were addressed to natural
phytochemicals, based on genomics evaluation. These missing puzzle pieces make it
difficult to assess whether a particular phytochemical has an overall positive or
negative effect on cell proliferation. The further application of genomic approaches
will elucidate the different molecular mechanisms targeted, and will allow the
identification of the doses having chemopreventive/therapeutic or detrimental effects.

There is no doubt about the benefit of these natural compounds in human
health and in the same time it is very difficult to ignore the controversial data due to
the extensive range of experimental and preclinical models used for the evaluation the
biological effect. These discrepancies can be reduced with the development of a
natural product database and standardization of the protocols.

The process of novel drug discovery or drug design from natural products is
based on the integration of nutrigenetics and nutrigenomics data. The natural
compounds have multifaceted properties due to the heterogeneity of the different
molecular structures that are retrieved from natural sources. In spite of all these
difficulties it is important to introduce in daily practice the concept of personalized

diet that supports the chemotherapeutic treatment.

Conflict of interest

Page 23 of 69



There are no conflicts of interest that need to be declared.

Acknowledgements

This work is part of research grant No. 128/2014; PN-11-PT-PCCA-2013-4-2166
“New strategies for improving life quality and survival in cancer patients: molecular
and clinical studies of the tumor genome in deuterium-depleted water treatment
augmentation - GenCanD” and research grant No. 96/2014, PN-II-PT-PCCA-2013-4-
0030 “Modulation of pro/anticarcinogenic effect of toxic chemical agents in breast
cancer multitargeted therapy-CANCERTER-p53”. Dr. Mehterov’s work was partially
supported by Project HO-18/2014, funded by Medical University of Plovdiv.

References

[1] R. Cojocneanu Petric, C. Braicu, L. Raduly, O. Zanoaga, N. Dragos, P. Monroig, D.
Dumitrascu, |. Berindan-Neagoe, Phytochemicals modulate carcinogenic signaling pathways
in breast and hormone-related cancers, OncoTargets and therapy 8 (2015) 2053-2066.

[2] M. de Lorgeril, P. Salen, F. Paillard, F. Laporte, F. Boucher, J. de Leiris, Mediterranean diet
and the French paradox: two distinct biogeographic concepts for one consolidated scientific
theory on the role of nutrition in coronary heart disease, Cardiovascular research 54(3)
(2002) 503-15.

[3] C. Puel, J. Mardon, A. Agalias, M.J. Davicco, P. Lebecque, A. Mazur, M.N. Horcajada, A.L.
Skaltsounis, V. Coxam, Major phenolic compounds in olive oil modulate bone loss in an
ovariectomy/inflammation experimental model, Journal of agricultural and food chemistry
56(20) (2008) 9417-22.

[4] T. Magrone, M.A. Panaro, E. Jirillo, V. Covelli, Molecular effects elicited in vitro by red
wine on human healthy peripheral blood mononuclear cells: potential therapeutical
application of polyphenols to diet-related chronic diseases, Current pharmaceutical design
14(26) (2008) 2758-66.

[5] F. Chaumier, L. Touzet, S. Olivereau, D. Mallet, Prevalence of Palliative Patients with
Cancer Treatment and High Levels of Discomfort in a French Cancer Center: Is There a
Paradox?, Journal of palliative medicine 19(5) (2016) 477-8.

[6] A.L. Harvey, R. Edrada-Ebel, R.J. Quinn, The re-emergence of natural products for drug
discovery in the genomics era, Nature reviews. Drug discovery 14(2) (2015) 111-29.

[7] D. Milenkovic, C. Deval, E. Gouranton, J.F. Landrier, A. Scalbert, C. Morand, A. Mazur,
Modulation of miRNA expression by dietary polyphenols in apoE deficient mice: a new
mechanism of the action of polyphenols, PLoS One 7(1) (2012) e29837.

[8] A.G. Atanasov, B. Waltenberger, E.M. Pferschy-Wenzig, T. Linder, C. Wawrosch, P. Uhrin,
V. Temml, L. Wang, S. Schwaiger, E.H. Heiss, J.M. Rollinger, D. Schuster, J.M. Breuss, V.
Bochkov, M.D. Mihovilovic, B. Kopp, R. Bauer, V.M. Dirsch, H. Stuppner, Discovery and
resupply of pharmacologically active plant-derived natural products: A review,
Biotechnology advances 33(8) (2015) 1582-614.

[9] B. Waltenberger, A. Mocan, K. Smejkal, E.H. Heiss, A.G. Atanasov, Natural Products to
Counteract the Epidemic of Cardiovascular and Metabolic Disorders, Molecules (Basel,
Switzerland) 21(6) (2016).

Page 24 of 69



[10] Y.W. Zeng, J.Z. Yang, X.Y. Pu, J. Du, T. Yang, S.M. Yang, W.H. Zhu, Strategies of functional
food for cancer prevention in human beings, Asian Pacific journal of cancer prevention :
APJCP 14(3) (2013) 1585-92.

[11] C.M. Hasler, Functional foods: benefits, concerns and challenges-a position paper from
the american council on science and health, The Journal of nutrition 132(12) (2002) 3772-81.
[12] J.D. Potter, K. Steinmetz, Vegetables, fruit and phytoestrogens as preventive agents,
IARC scientific publications (139) (1996) 61-90.

[13] A.M. Ardekani, S. Jabbari, Nutrigenomics and Cancer, Avicenna Journal of Medical
Biotechnology 1(1) (2009) 9-17.

[14] M. Baker, Deceptive curcumin offers cautionary tale for chemists, Nature 541(7636)
(2017) 144-145.

[15] E. Kurin, A.G. Atanasov, O. Donath, E.H. Heiss, V.M. Dirsch, M. Nagy, Synergy study of
the inhibitory potential of red wine polyphenols on vascular smooth muscle cell
proliferation, Planta medica 78(8) (2012) 772-8.

[16] M. Fenech, A. EI-Sohemy, L. Cahill, L.R. Ferguson, T.-A.C. French, E.S. Tai, J. Milner, W.-P.
Koh, L. Xie, M. Zucker, M. Buckley, L. Cosgrove, T. Lockett, K.Y.C. Fung, R. Head,
Nutrigenetics and Nutrigenomics: Viewpoints on the Current Status and Applications in
Nutrition Research and Practice, Journal of Nutrigenetics and Nutrigenomics 4(2) (2011) 69-
89.

[17] S.S. Hussain, A.P. Kumar, R. Ghosh, Food-based natural products for cancer
management: Is the whole greater than the sum of the parts?, Seminars in cancer biology
(2016).

[18] D.D. Farhud, M. Zarif Yeganeh, M. Zarif Yeganeh, Nutrigenomics and Nutrigenetics,
Iranian Journal of Public Health 39(4) (2010) 1-14.

[19] M. Piroddi, A. Albini, R. Fabiani, L. Giovannelli, C. Luceri, F. Natella, P. Rosignoli, T. Rossi,
A. Taticchi, M. Servili, F. Galli, Nutrigenomics of extra-virgin olive oil: A review, BioFactors
(Oxford, England) (2016).

[20] P.R. Dandawate, D. Subramaniam, R.A. Jensen, S. Anant, Targeting cancer stem cells and
signaling pathways by phytochemicals: Novel approach for breast cancer therapy, Seminars
in cancer biology 40-41 (2016) 192-208.

[21] T. Peregrin, The new frontier of nutrition science: nutrigenomics, J Am Diet Assoc
101(11) (2001) 1306.

[22] I. Berindan-Neagoe, C. Monroig Pdel, B. Pasculli, G.A. Calin, MicroRNAome genome: a
treasure for cancer diagnosis and therapy, CA: a cancer journal for clinicians 64(5) (2014)
311-36.

[23] I. Berindan-Neagoe, G.A. Calin, Molecular pathways: microRNAs, cancer cells, and
microenvironment, Clinical cancer research : an official journal of the American Association
for Cancer Research 20(24) (2014) 6247-53.

[24] C. Braicu, C. Catana, G.A. Calin, I. Berindan-Neagoe, NCRNA combined therapy as future
treatment option for cancer, Current pharmaceutical design 20(42) (2014) 6565-74.

[25] A.l. Irimie, C. Braicu, R. Cojocneanu-Petric, |. Berindan-Neagoe, R.S. Campian, Novel
technologies for oral squamous carcinoma biomarkers in diagnostics and prognostics, Acta
odontologica Scandinavica 73(3) (2015) 161-8.

[26] M.M. Grant, What do 'omic technologies have to offer periodontal clinical practice in
the future?, Journal of periodontal research 47(1) (2012) 2-14.

[27] L. Wang, C. Chen, Emerging Applications of Metabolomics in Studying Chemopreventive
Phytochemicals, The AAPS journal 15(4) (2013) 941-950.

[28] V.L. Go, R.R. Butrum, D.A. Wong, Diet, nutrition, and cancer prevention: the
postgenomic era, The Journal of nutrition 133(11 Suppl 1) (2003) 3830s-3836s.

Page 25 of 69



[29] M. Muzolf-Panek, A. Gliszczynska-Swiglo, L. de Haan, J.M. Aarts, H. Szymusiak, J.M.
Vervoort, B. Tyrakowska, .M. Rietjens, Role of catechin quinones in the induction of EpRE-
mediated gene expression, Chemical research in toxicology 21(12) (2008) 2352-60.

[30] J.X. Kang, Nutrigenomics and cancer therapy, Journal of nutrigenetics and
nutrigenomics 6(3) (2013) I-ii.

[31] C. Pavlidis, G.P. Patrinos, T. Katsila, Nutrigenomics: A controversy, Applied &
translational genomics 4 (2015) 50-3.

[32] T. Tanaka, H. Kohno, H. Mori, Chemoprevention of Colon Carcinogenesis by Dietary
Non-nutritive Compounds, Asian Pacific journal of cancer prevention : APJCP 2(3) (2001)
165-177.

[33] R.H. Liu, Potential synergy of phytochemicals in cancer prevention: mechanism of
action, The Journal of nutrition 134(12 Suppl) (2004) 3479s-3485s.

[34] A. Chanet, D. Milenkovic, C. Manach, A. Mazur, C. Morand, Citrus flavanones: what is
their role in cardiovascular protection?, Journal of agricultural and food chemistry 60(36)
(2012) 8809-22.

[35] W.E. Hardman, Diet components can suppress inflammation and reduce cancer risk,
Nutrition research and practice 8(3) (2014) 233-40.

[36] E. Middleton, Jr., C. Kandaswami, T.C. Theoharides, The effects of plant flavonoids on
mammalian cells: implications for inflammation, heart disease, and cancer, Pharmacological
reviews 52(4) (2000) 673-751.

[37] 1. Erlund, E. Meririnne, G. Alfthan, A. Aro, Plasma kinetics and urinary excretion of the
flavanones naringenin and hesperetin in humans after ingestion of orange juice and
grapefruit juice, The Journal of nutrition 131(2) (2001) 235-41.

[38] F.-J. He, J.-Q. Chen, Consumption of soybean, soy foods, soy isoflavones and breast
cancer incidence: Differences between Chinese women and women in Western countries
and possible mechanisms, Food Science and Human Wellness 2(3-4) (2013) 146-161.

[39] E.J. Choi, G.H. Kim, Antiproliferative activity of daidzein and genistein may be related to
ERalpha/c-erbB-2 expression in human breast cancer cells, Molecular medicine reports 7(3)
(2013) 781-4.

[40] M. Adjakly, M. Ngollo, J.P. Boiteux, Y.J. Bignon, L. Guy, D. Bernard-Gallon, Genistein and
daidzein: different molecular effects on prostate cancer, Anticancer research 33(1) (2013)
39-44,

[41] N.G. Zheng, J.L. Wang, S.L. Yang, J.L. Wu, Aberrant epigenetic alteration in Eca9706 cells
modulated by nanoliposomal quercetin combined with butyrate mediated via epigenetic-NF-
kappaB signaling, Asian Pacific journal of cancer prevention : APJCP 15(11) (2014) 4539-43.
[42] S.M. Meeran, S.N. Patel, T.-H. Chan, T.O. Tollefsbol, <div
xmlins="http://www.w3.0rg/1999/xhtml|">A Novel Prodrug of Epigallocatechin-3-gallate:
Differential Epigenetic <em>hTERT</em> Repression in Human Breast Cancer Cells</div>,
Cancer Prevention Research 4(8) (2011) 1243-1254.

[43] V. Nandakumar, M. Vaid, S.K. Katiyar, (-)-Epigallocatechin-3-gallate reactivates silenced
tumor suppressor genes, Cip1/p21 and p16(INK4a), by reducing DNA methylation and
increasing histones acetylation in human skin cancer cells, Carcinogenesis 32(4) (2011) 537-
544,

[44] ). Zhu, Y. Jiang, X. Yang, S. Wang, C. Xie, X. Li, Y. Li, Y. Chen, X. Wang, Y. Meng, M. Zhu, R.
Wou, C. Huang, X. Ma, S. Geng, J. Wu, C. Zhong, Wnt/beta-catenin pathway mediates (-)-
Epigallocatechin-3-gallate (EGCG) inhibition of lung cancer stem cells, Biochemical and
biophysical research communications 482(1) (2017) 15-21.

[45] A. Srinivasan, C. Thangavel, Y. Liu, S. Shoyele, R.B. Den, P. Selvakumar, A.
Lakshmikuttyamma, Quercetin regulates beta-catenin signaling and reduces the migration of
triple negative breast cancer, Molecular carcinogenesis 55(5) (2016) 743-56.

Page 26 of 69


http://www.w3.org/1999/xhtml%22%3eA

[46] G.T. Kim, S.H. Lee, Y.M. Kim, Quercetin Regulates Sestrin 2-AMPK-mTOR Signaling
Pathway and Induces Apoptosis via Increased Intracellular ROS in HCT116 Colon Cancer
Cells, Journal of cancer prevention 18(3) (2013) 264-70.

[47] S.H. Lee, E.J. Lee, K.H. Min, G.Y. Hur, S.H. Lee, S.Y. Lee, J.H. Kim, C. Shin, J.J. Shim, K.H. In,
K.H. Kang, S.Y. Lee, Quercetin Enhances Chemosensitivity to Gemcitabine in Lung Cancer
Cells by Inhibiting Heat Shock Protein 70 Expression, Clinical lung cancer 16(6) (2015) e235-
43.

[48] S. Ranganathan, D. Halagowder, N.D. Sivasithambaram, Quercetin Suppresses Twist to
Induce Apoptosis in MCF-7 Breast Cancer Cells, PLoS ONE 10(10) (2015) e0141370.

[49] A.Y. Chen, Y.C. Chen, A review of the dietary flavonoid, kaempferol on human health
and cancer chemoprevention, Food chemistry 138(4) (2013) 2099-107.

[50] P. Jiang, X. Wu, X. Wang, W. Huang, Q. Feng, NEAT1 upregulates EGCG-induced CTR1 to
enhance cisplatin sensitivity in lung cancer cells, Oncotarget 7(28) (2016) 43337-43351.
[51] T. Chiyomaru, S. Yamamura, M.S. Zaman, S. Majid, G. Deng, V. Shahryari, S. Saini, H.
Hirata, K. Ueno, |. Chang, Y. Tanaka, Z.L. Tabatabai, H. Enokida, M. Nakagawa, R. Dahiya,
Genistein Suppresses Prostate Cancer Growth through Inhibition of Oncogenic MicroRNA-
151, PLoS ONE 7(8) (2012) e43812.

[52] S. Yamada, S. Tsukamoto, Y. Huang, A. Makio, M. Kumazoe, S. Yamashita, H. Tachibana,
Epigallocatechin-3-O-gallate up-regulates microRNA-let-7b expression by activating 67-kDa
laminin receptor signaling in melanoma cells, Scientific reports 6 (2016) 19225.

[53] J. Zhou, J. Gong, C. Ding, G. Chen, Quercetin induces the apoptosis of human ovarian
carcinoma cells by upregulating the expression of microRNA-145, Molecular medicine
reports 12(2) (2015) 3127-31.

[54] A. Del Follo-Martinez, N. Banerjee, X. Li, S. Safe, S. Mertens-Talcott, Resveratrol and
quercetin in combination have anticancer activity in colon cancer cells and repress
oncogenic microRNA-27a, Nutrition and cancer 65(3) (2013) 494-504.

[55] S. Thakur, B. Sarkar, R.P. Cholia, N. Gautam, M. Dhiman, A.K. Mantha, APE1/Ref-1 as an
emerging therapeutic target for various human diseases: phytochemical modulation of its
functions, Exp Mol Med 46 (2014) e106.

[56] X. Paredes-Gonzalez, F. Fuentes, Z.Y. Su, A.N. Kong, Apigenin reactivates Nrf2 anti-
oxidative stress signaling in mouse skin epidermal JB6 P + cells through epigenetics
modifications, The AAPS journal 16(4) (2014) 727-35.

[57] C. Busch, M. Burkard, C. Leischner, U.M. Lauer, J. Frank, S. Venturelli, Epigenetic
activities of flavonoids in the prevention and treatment of cancer, Clinical Epigenetics 7(1)
(2015) 64.

[58] S. Lamy, V. Bedard, D. Labbe, H. Sartelet, C. Barthomeuf, D. Gingras, R. Beliveau, The
dietary flavones apigenin and luteolin impair smooth muscle cell migration and VEGF
expression through inhibition of PDGFR-beta phosphorylation, Cancer prevention research
(Philadelphia, Pa.) 1(6) (2008) 452-9.

[59] C.H. Lin, C.Y. Chang, K.R. Lee, H.J. Lin, T.H. Chen, L. Wan, Flavones inhibit breast cancer
proliferation through the Akt/FOX03a signaling pathway, BMC cancer 15 (2015) 958.

[60] M. Chakrabarti, N.L. Banik, S.K. Ray, miR-138 overexpression is more powerful than
hTERT knockdown to potentiate apigenin for apoptosis in neuroblastoma in vitro and in vivo,
Experimental cell research 319(10) (2013) 1575-85.

[61] M.J. Kim, J.S. Woo, C.H. Kwon, J.H. Kim, Y.K. Kim, K.H. Kim, Luteolin induces apoptotic
cell death through AIF nuclear translocation mediated by activation of ERK and p38in
human breast cancer cell lines, Cell biology international 36(4) (2012) 339-44.

[62] A. Vardi, R. Bosviel, N. Rabiau, M. Adjakly, S. Satih, P. Dechelotte, J.P. Boiteux, L.
Fontana, Y.J. Bignon, L. Guy, D.J. Bernard-Gallon, Soy phytoestrogens modify DNA
methylation of GSTP1, RASSF1A, EPH2 and BRCA1 promoter in prostate cancer cells, In vivo
(Athens, Greece) 24(4) (2010) 393-400.

Page 27 of 69



[63] N. Kikuno, H. Shiina, S. Urakami, K. Kawamoto, H. Hirata, Y. Tanaka, S. Majid, M. Igawa,
R. Dahiya, Genistein mediated histone acetylation and demethylation activates tumor
suppressor genes in prostate cancer cells, International journal of cancer 123(3) (2008) 552-
60.

[64] S.S. Hussain, A.P. Kumar, R. Ghosh, Food-based natural products for cancer
management: Is the whole greater than the sum of the parts?, Seminars in cancer biology
40-41 (2016) 233-246.

[65] A.M. Mahmoud, W. Yang, M.C. Bosland, Soy Isoflavones and Prostate Cancer: A Review
of Molecular Mechanisms, The Journal of steroid biochemistry and molecular biology 140
(2014) 116-132.

[66] O.C. Kousidou, T.N. Mitropoulou, A.E. Roussidis, D. Kletsas, A.D. Theocharis, N.K.
Karamanos, Genistein suppresses the invasive potential of human breast cancer cells
through transcriptional regulation of metalloproteinases and their tissue inhibitors,
International journal of oncology 26(4) (2005) 1101-9.

[67] T. Chiyomaru, S. Yamamura, S. Fukuhara, H. Yoshino, T. Kinoshita, S. Majid, S. Saini, I.
Chang, Y. Tanaka, H. Enokida, N. Seki, M. Nakagawa, R. Dahiya, Genistein inhibits prostate
cancer cell growth by targeting miR-34a and oncogenic HOTAIR, PLoS One 8(8) (2013)
e70372.

[68] C. de la Parra, L. Castillo-Pichardo, A. Cruz-Collazo, L. Cubano, R. Redis, G.A. Calin, S.
Dharmawardhane, Soy Isoflavone Genistein-Mediated Downregulation of miR-155
Contributes to the Anticancer Effects of Genistein, Nutrition and cancer 68(1) (2016) 154-64.
[69] J. Chen, C. Lin, W. Yong, Y. Ye, Z. Huang, Calycosin and Genistein Induce Apoptosis by
Inactivation of HOTAIR/p-Akt Signaling Pathway in Human Breast Cancer MCF-7 Cells,
Cellular Physiology and Biochemistry 35(2) (2015) 722-728.

[70] L.S. Wang, C.T. Kuo, S.J. Cho, C. Seguin, J. Siddiqui, K. Stoner, Y.Il. Weng, T.H. Huang, J.
Tichelaar, M. Yearsley, G.D. Stoner, Y.W. Huang, Black raspberry-derived anthocyanins
demethylate tumor suppressor genes through the inhibition of DNMT1 and DNMT3B in
colon cancer cells, Nutrition and cancer 65(1) (2013) 118-25.

[71] L.S. Wang, C.T. Kuo, T.H. Huang, M. Yearsley, K. Oshima, G.D. Stoner, J. Yu, J.F. Lechner,
Y.W. Huang, Black raspberries protectively regulate methylation of Wnt pathway genes in
precancerous colon tissue, Cancer prevention research (Philadelphia, Pa.) 6(12) (2013) 1317-
27.

[72] C. Qj, S. Li, Y. Jia, L. Wang, [Blueberry anthocyanins induce G2/M cell cycle arrest and
apoptosis of oral cancer KB cells through down-regulation methylation of p53], Yi chuan =
Hereditas 36(6) (2014) 566-73.

[73] L. Luo, X. Yu, B. Han, X. Chen, X. Peng, W. Chen, J. Zhou, S. Li, [Molecular docking of
anthocyanins constituents and HER-2 kinase domain], Sheng wu gong cheng xue bao =
Chinese journal of biotechnology 30(3) (2014) 504-13.

[74] S. Thomasset, N. Teller, H. Cai, D. Marko, D.P. Berry, W.P. Steward, A.J. Gescher, Do
anthocyanins and anthocyanidins, cancer chemopreventive pigments in the diet, merit
development as potential drugs?, Cancer chemotherapy and pharmacology 64(1) (2009)
201-11.

[75] X.Y. Chen, J. Zhou, L.P. Luo, B. Han, F. Li, J.Y. Chen, Y.F. Zhu, W. Chen, X.P. Yu, Black Rice
Anthocyanins Suppress Metastasis of Breast Cancer Cells by Targeting RAS/RAF/MAPK
Pathway, BioMed research international 2015 (2015) 414250.

[76] A. Ouanouki, S. Lamy, B. Annabi, Anthocyanidins inhibit epithelial-mesenchymal
transition through a TGFbeta/Smad2 signaling pathway in glioblastoma cells, Molecular
carcinogenesis (2016).

[77] ). He, M.M. Giusti, Anthocyanins: natural colorants with health-promoting properties,
Annual review of food science and technology 1 (2010) 163-87.

Page 28 of 69



[78] M.A. Lila, Anthocyanins and Human Health: An In Vitro Investigative Approach, Journal
of Biomedicine and Biotechnology 2004(5) (2004) 306-313.

[79] S.I. Khan, P. Aumsuwan, |.A. Khan, L.A. Walker, A.K. Dasmahapatra, Epigenetic events
associated with breast cancer and their prevention by dietary components targeting the
epigenome, Chemical research in toxicology 25(1) (2012) 61-73.

[80] H. Wang, S. Bian, C.S. Yang, Green tea polyphenol EGCG suppresses lung cancer cell
growth through upregulating miR-210 expression caused by stabilizing HIF-1q,
Carcinogenesis 32(12) (2011) 1881-1889.

[81] W.P. Tsang, T.T. Kwok, Epigallocatechin gallate up-regulation of miR-16 and induction of
apoptosis in human cancer cells, The Journal of nutritional biochemistry 21(2) (2010) 140-6.
[82] L. Lei, Y. Yang, H. He, E. Chen, L. Du, J. Dong, J. Yang, Flavan-3-ols consumption and
cancer risk: A meta-analysis of epidemiologic studies, Oncotarget (2016).

[83] C. Braicu, M.R. Ladomery, V.S. Chedea, A. Irimie, |. Berindan-Neagoe, The relationship
between the structure and biological actions of green tea catechins, Food Chem 141(3)
(2013) 3282-9.

[84] C. Braicu, V. Pilecki, O. Balacescu, A. Irimie, I.B. Neagoe, The relationships between
biological activities and structure of flavan-3-ols, Int J Mol Sci 12(12) (2011) 9342-53.

[85] A.J. Papoutsis, S.D. Lamore, G.T. Wondrak, O.l. Selmin, D.F. Romagnolo, Resveratrol
prevents epigenetic silencing of BRCA-1 by the aromatic hydrocarbon receptor in human
breast cancer cells, The Journal of nutrition 140(9) (2010) 1607-14.

[86] Y. Li, F. Jiang, L. Chen, Y. Yang, S. Cao, Y. Ye, X. Wang, J. Mu, Z. Li, L. Li, Blockage of TGFj-
SMAD?2 by demethylation-activated miR-148a is involved in caffeic acid-induced inhibition of
cancer stem cell-like properties in vitro and in vivo, FEBS Open Bio 5 (2015) 466-475.

[87] R. Venkatadri, T. Muni, A.K. lyer, J.S. Yakisich, N. Azad, Role of apoptosis-related miRNAs
in resveratrol-induced breast cancer cell death, Cell death & disease 7 (2016) e2104.

[88] Q. Yang, E. Xu, J. Dai, B. Liu, Z. Han, J. Wu, S. Zhang, B. Peng, Y. Zhang, Y. Jiang, A novel
long noncoding RNA AKO01796 acts as an oncogene and is involved in cell growth inhibition
by resveratrol in lung cancer, Toxicology and applied pharmacology 285(2) (2015) 79-88.
[89] Q. Ji, X. Liu, X. Fu, L. Zhang, H. Sui, L. Zhou, J. Sun, J. Cai, J. Qin, J. Ren, Q. Li, Resveratrol
Inhibits Invasion and Metastasis of Colorectal Cancer Cells via MALAT1 Mediated Wnt/B-
Catenin Signal Pathway, PLoS ONE 8(11) (2013) e78700.

[90] Q. Liu, S. Sun, W. Yu, J. Jiang, F. Zhuo, G. Qiu, S. Xu, X. Jiang, Altered expression of long
non-coding RNAs during genotoxic stress-induced cell death in human glioma cells, Journal
of neuro-oncology 122(2) (2015) 283-92.

[91] N. Razzaghi-Asl, J. Garrido, H. Khazraei, F. Borges, O. Firuzi, Antioxidant properties of
hydroxycinnamic acids: a review of structure- activity relationships, Current medicinal
chemistry 20(36) (2013) 4436-50.

[92] Y. Feng, J. Zhou, Y. Jiang, Resveratrol in lung cancer- a systematic review, Journal of
B.U.ON. : official journal of the Balkan Union of Oncology 21(4) (2016) 950-953.

[93] J.K. Aluyen, Q.N. Ton, T. Tran, A.E. Yang, H.B. Gottlieb, R.A. Bellanger, Resveratrol:
potential as anticancer agent, Journal of dietary supplements 9(1) (2012) 45-56.

[94] H. Yang, Q.P. Dou, Targeting Apoptosis Pathway with Natural Terpenoids: Implications
for Treatment of Breast and Prostate Cancer, Current Drug Targets 11(6) (2010) 733-744.
[95] M. Huang, J.J. Lu, M.Q. Huang, J.L. Bao, X.P. Chen, Y.T. Wang, Terpenoids: natural
products for cancer therapy, Expert opinion on investigational drugs 21(12) (2012) 1801-18.
[96] H. Nishino, H. Tokuda, M. Murakoshi, Y. Satomi, M. Masuda, M. Onozuka, S. Yamaguchi,
J. Takayasu, J. Tsuruta, M. Okuda, F. Khachik, T. Narisawa, N. Takasuka, M. Yano, Cancer
prevention by natural carotenoids, BioFactors (Oxford, England) 13(1-4) (2000) 89-94.

[97] S. Verma, A. Singh, A. Mishra, Gallic acid: molecular rival of cancer, Environmental
toxicology and pharmacology 35(3) (2013) 473-85.

Page 29 of 69



[98] H. Kim, N. Banerjee, I. lvanov, C.M. Pfent, K.R. Prudhomme, W.H. Bisson, R.H.
Dashwood, S.T. Talcott, S.U. Mertens-Talcott, Comparison of anti-inflammatory mechanisms
of mango (Mangifera Indica L.) and pomegranate (Punica Granatum L.) in a preclinical model
of colitis, Molecular nutrition & food research 60(9) (2016) 1912-23.

[99] N. Banerjee, H. Kim, S. Talcott, S. Mertens-Talcott, Pomegranate polyphenolics
suppressed azoxymethane-induced colorectal aberrant crypt foci and inflammation: possible
role of miR-126/VCAM-1 and miR-126/P13K/AKT/mTOR, Carcinogenesis 34(12) (2013) 2814-
22.

[100] W. Liang, X. Li, Y. Li, C. Li, B. Gao, H. Gan, S. Li, J. Shen, J. Kang, S. Ding, X. Lin, L. Liao,
Gallic acid induces apoptosis and inhibits cell migration by upregulating miR-518b in SW1353
human chondrosarcoma cells, International journal of oncology 44(1) (2014) 91-8.

[101] Y. Zhou, J. Zheng, Y. Li, D.-P. Xu, S. Li, Y.-M. Chen, H.-B. Li, Natural Polyphenols for
Prevention and Treatment of Cancer, Nutrients 8(8) (2016) 515.

[102] S. Lafay, E. Gueux, Y. Rayssiguier, A. Mazur, C. Remesy, A. Scalbert, Caffeic acid inhibits
oxidative Stress and reduces hypercholesterolemia induced by iron overload in rats,
International journal for vitamin and nutrition research. Internationale Zeitschrift fur
Vitamin- und Ernahrungsforschung. Journal international de vitaminologie et de nutrition
75(2) (2005) 119-25.

[103] C. Omene, M. Kalac, J. Wu, E. Marchi, K. Frenkel, O.A. O’Connor, Propolis and its Active
Component, Caffeic Acid Phenethyl Ester (CAPE), Modulate Breast Cancer Therapeutic
Targets via an Epigenetically Mediated Mechanism of Action, Journal of cancer science &
therapy 5(10) (2013) 334-342.

[104] D.L. Papademetrio, S.L. Lompardia, T. Simunovich, S. Costantino, C.Y. Mihalez, V.
Cavaliere, E. Alvarez, Inhibition of Survival Pathways MAPK and NF-kB Triggers Apoptosis in
Pancreatic Ductal Adenocarcinoma Cells via Suppression of Autophagy, Targeted oncology
11(2) (2016) 183-95.

[105] G. Ozturk, Z. Ginis, S. Akyol, G. Erden, A. Gurel, O. Akyol, The anticancer mechanism of
caffeic acid phenethyl ester (CAPE): review of melanomas, lung and prostate cancers,
European review for medical and pharmacological sciences 16(15) (2012) 2064-8.

[106] C. Gherman, O.L. Braicu, O. Zanoaga, A. Jurj, V. Pileczki, M. Maralani, F. Drigla, C.
Braicu, L. Budisan, P. Achimas-Cadariu, |. Berindan-Neagoe, Caffeic acid phenethyl ester
activates pro-apoptotic and epithelial-mesenchymal transition-related genes in ovarian
cancer cells A2780 and A2780cis, Molecular and cellular biochemistry 413(1-2) (2016) 189-
98.

[107] T.A. Woyengo, V.R. Ramprasath, P.J. Jones, Anticancer effects of phytosterols,
European journal of clinical nutrition 63(7) (2009) 813-20.

[108] S.B. Racette, C.A. Spearie, K.M. Phillips, X. Lin, L. Ma, R.E. Ostlund, Phytosterol-
deficient and high-phytosterol diets developed for controlled feeding studies, Journal of the
American Dietetic Association 109(12) (2009) 2043-2051.

[109] C.J. Weng, G.C. Yen, Chemopreventive effects of dietary phytochemicals against cancer
invasion and metastasis: phenolic acids, monophenol, polyphenol, and their derivatives,
Cancer treatment reviews 38(1) (2012) 76-87.

[110] C. Omene, M. Kalac, J. Wu, E. Marchi, K. Frenkel, O.A. O'Connor, Propolis and its Active
Component, Caffeic Acid Phenethyl Ester (CAPE), Modulate Breast Cancer Therapeutic
Targets via an Epigenetically Mediated Mechanism of Action, Journal of cancer science &
therapy 5(10) (2013) 334-342.

[111] Q. Du, B. Hu, H.M. An, K.P. Shen, L. Xu, S. Deng, M.M. Wei, Synergistic anticancer
effects of curcumin and resveratrol in Hepal-6 hepatocellular carcinoma cells, Oncology
reports 29(5) (2013) 1851-8.

Page 30 of 69



[112] G.Y. Wubetu, M. Shimada, Y. Morine, T. Ikemoto, D. Ishikawa, S. Iwahashi, S. Yamada,
Y. Saito, Y. Arakawa, S. Imura, Epigallocatechin gallate hinders human hepatoma and colon
cancer sphere formation, J Gastroenterol Hepatol 31(1) (2016) 256-64.

[113] M.F. Tolba, A. Esmat, A.M. Al-Abd, S.S. Azab, A.E. Khalifa, H.A. Mosli, S.Z. Abdel-
Rahman, A.B. Abdel-Naim, Caffeic acid phenethyl ester synergistically enhances docetaxel
and paclitaxel cytotoxicity in prostate cancer cells, IUBMB life 65(8) (2013) 716-29.

[114] (1Y INVALID CITATION 1),

[115] X. Hua, L. Yu, R. You, Y. Yang, J. Liao, D. Chen, L. Yu, Association among Dietary
Flavonoids, Flavonoid Subclasses and Ovarian Cancer Risk: A Meta-Analysis, PLoS ONE 11(3)
(2016) 0151134,

[116] C. Hui, X. Qi, Z. Qianyong, P. Xiaoli, Z. Jundong, M. Mantian, Flavonoids, flavonoid
subclasses and breast cancer risk: a meta-analysis of epidemiologic studies, PLoS One 8(1)
(2013) e54318.

[117] L. Cui, X. Liu, Y. Tian, C. Xie, Q. Li, H. Cui, C. Sun, Flavonoids, Flavonoid Subclasses, and
Esophageal Cancer Risk: A Meta-Analysis of Epidemiologic Studies, Nutrients 8(6) (2016).
[118] Y.J. Surh, Cancer chemoprevention with dietary phytochemicals, Nature reviews.
Cancer 3(10) (2003) 768-80.

[119] S. Upadhyay, M. Dixit, Role of Polyphenols and Other Phytochemicals on Molecular
Signaling, Oxid Med Cell Longev 2015 (2015) 504253.

[120] P. Kuppusamy, M.M. Yusoff, G.P. Maniam, S.J. Ichwan, I. Soundharrajan, N. Govindan,
Nutraceuticals as potential therapeutic agents for colon cancer: a review, Acta
pharmaceutica Sinica. B 4(3) (2014) 173-81.

[121] P. Palozza, Prooxidant actions of carotenoids in biologic systems, Nutrition reviews
56(9) (1998) 257-65.

[122] V.S. Chedea, C. Braicu, F. Chirila, H.J. Ogola, R.S. Pelmus, L.G. Calin, C. Socaciu,
Antioxidant/Prooxidant and antibacterial/probacterial effects of a grape seed extract in
complex with lipoxygenase, BioMed research international 2014 (2014) 313684.

[123] A. Veprik, M. Khanin, K. Linnewiel-Hermoni, M. Danilenko, J. Levy, Y. Sharoni,
Polyphenols, isothiocyanates, and carotenoid derivatives enhance estrogenic activity in bone
cells but inhibit it in breast cancer cells, American journal of physiology. Endocrinology and
metabolism 303(7) (2012) E815-24.

[124] U. De Marchi, L. Biasutto, S. Garbisa, A. Toninello, M. Zoratti, Quercetin can act either
as an inhibitor or an inducer of the mitochondrial permeability transition pore: A
demonstration of the ambivalent redox character of polyphenols, Biochimica et Biophysica
Acta (BBA) - Bioenergetics 1787(12) (2009) 1425-1432.

[125] C. Tsui, L.E. Coleman, J.L. Griffith, E.A. Bennett, S.G. Goodson, J.D. Scott, W.S. Pittard,
S.E. Devine, Single nucleotide polymorphisms (SNPs) that map to gaps in the human SNP
map, Nucleic acids research 31(16) (2003) 4910-4916.

[126] A.Z. Elsamanoudy, M.A.M. Neamat-Allah, F.A.H. Mohammad, M. Hassanien, H.A.
Nada, The role of nutrition related genes and nutrigenetics in understanding the
pathogenesis of cancer, Journal of Microscopy and Ultrastructure 4(3) (2016) 115-122.
[127] J.G. Harrison, Z. Gompert, J.A. Fordyce, C.A. Buerkle, R. Grinstead, J.P. Jahner, S. Mikel,
C.C. Nice, A. Santamaria, M.L. Forister, The Many Dimensions of Diet Breadth:
Phytochemical, Genetic, Behavioral, and Physiological Perspectives on the Interaction
between a Native Herbivore and an Exotic Host, PloS one 11(2) (2016) e0147971.

[128] R. Howe, T. Miron-Shatz, Y. Hanoch, Z.B. Omer, C. O'Donoghue, E.M. Ozanne,
Personalized Medicine Through SNP Testing for Breast Cancer Risk: Clinical Implementation,
Journal of genetic counseling 24(5) (2015) 744-51.

[129] S.C. Preissner, M.F. Hoffmann, R. Preissner, M. Dunkel, A. Gewiess, S. Preissner,
Polymorphic Cytochrome P450 Enzymes (CYPs) and Their Role in Personalized Therapy, PLoS
ONE 8(12) (2013) e82562.

Page 31 of 69



[130] K.S. Crider, E.P. Quinlivan, R.J. Berry, L. Hao, Z. Li, D. Maneval, T.P. Yang, S.A.
Rasmussen, Q. Yang, J.H. Zhu, D.J. Hu, L.B. Bailey, Genomic DNA methylation changes in
response to folic acid supplementation in a population-based intervention study among
women of reproductive age, PloS one 6(12) (2011) e28144.

[131]S. Peterson, Y. Schwarz, S.S. Li, L. Li, .B. King, C. Chen, D.L. Eaton, J.D. Potter, J.W.
Lampe, CYP1A2, GSTM1, and GSTT1 polymorphisms and diet effects on CYP1A2 activity in a
crossover feeding trial, Cancer epidemiology, biomarkers & prevention : a publication of the
American Association for Cancer Research, cosponsored by the American Society of
Preventive Oncology 18(11) (2009) 3118-3125.

[132] X.-L. Tan, M. Shi, H. Tang, W. Han, S.D. Spivack, Candidate Dietary Phytochemicals
Modulate Expression of Phase Il Enzymes GSTP1 and NQO1 in Human Lung Cells, The Journal
of nutrition 140(8) (2010) 1404-1410.

[133] I.A. Siddiqui, M. Asim, B.B. Hafeez, V.M. Adhami, R.S. Tarapore, H. Mukhtar, Green tea
polyphenol EGCG blunts androgen receptor function in prostate cancer, FASEB journal :
official publication of the Federation of American Societies for Experimental Biology 25(4)
(2011) 1198-207.

[134] J. Zhang, Z. Lei, Z. Huang, X. Zhang, Y. Zhou, Z. Luo, W. Zeng, J. Su, C. Peng, X. Chen,
Epigallocatechin-3-gallate(EGCG) suppresses melanoma cell growth and metastasis by
targeting TRAF6 activity, Oncotarget 7(48) (2016) 79557-79571.

[135] Q. Meng, M. Zheng, H. Liu, C. Song, W. Zhang, J. Yan, L. Qin, X. Liu, TRAF6 regulates
proliferation, apoptosis, and invasion of osteosarcoma cell, Molecular and cellular
biochemistry 371(1-2) (2012) 177-86.

[136] E.E. Fabre, A. Raynaud-Simon, J.L. Golmard, M. Hebert, X. Dulcire, M. Succari, J. Myara,
D. Durand, V. Nivet-Antoine, Gene polymorphisms of oxidative stress enzymes: prediction of
elderly renutrition, Am J Clin Nutr 87(5) (2008) 1504-12.

[137] H.L. Nicastro, E.B. Trujillo, J.A. Milner, Nutrigenomics and Cancer Prevention, Current
nutrition reports 1(1) (2012) 37-43.

[138] C. Braicu, C. Gherman, Epigallocatechin gallate induce cell death and apoptosis in triple
negative breast cancer cells Hs578T, Journal of drug targeting (2012).

[139] J.P. Rigalli, N. Ciriaci, A. Arias, M.P. Ceballos, S.S. Villanueva, M.G. Luquita, A.D.
Mottino, C.I. Ghanem, V.A. Catania, M.L. Ruiz, Regulation of multidrug resistance proteins by
genistein in a hepatocarcinoma cell line: impact on sorafenib cytotoxicity, PLoS One 10(3)
(2015) e0119502.

[140] R. Vittal, Z.E. Selvanayagam, Y. Sun, J. Hong, F. Liu, K.V. Chin, C.S. Yang, Gene
expression changes induced by green tea polyphenol (-)-epigallocatechin-3-gallate in human
bronchial epithelial 21BES cells analyzed by DNA microarray, Molecular cancer therapeutics
3(9) (2004) 1091-9.

[141] I. Peluso, M. Serafini, Antioxidants from black and green tea: from dietary modulation
of oxidative stress to pharmacological mechanisms, British journal of pharmacology (2016).
[142] H.S. Kim, M.J. Quon, J.A. Kim, New insights into the mechanisms of polyphenols
beyond antioxidant properties; lessons from the green tea polyphenol, epigallocatechin 3-
gallate, Redox biology 2 (2014) 187-95.

[143] Y.J. Zhang, R.Y. Gan, S. Li, Y. Zhou, A.N. Li, D.P. Xu, H.B. Li, Antioxidant Phytochemicals
for the Prevention and Treatment of Chronic Diseases, Molecules (Basel, Switzerland) 20(12)
(2015) 21138-56.

[144] G. Bjorklund, S. Chirumbolo, Role of oxidative stress and antioxidants in daily nutrition
and human health, Nutrition (Burbank, Los Angeles County, Calif.) (2016).

[145] K.W. Lee, H.J. Lee, Y.J. Surh, C.Y. Lee, Vitamin C and cancer chemoprevention:
reappraisal, The American journal of clinical nutrition 78(6) (2003) 1074-8.

Page 32 of 69



[146] A. Furukawa, S. Oikawa, M. Murata, Y. Hiraku, S. Kawanishi, (-)-Epigallocatechin gallate
causes oxidative damage to isolated and cellular DNA, Biochemical pharmacology 66(9)
(2003) 1769-78.

[147] S. Bhagavathy, P. Sumathi, Evaluation of antigenotoxic effects of carotenoids from
green algae Chlorococcum humicola using human lymphocytes, Asian Pacific journal of
tropical biomedicine 2(2) (2012) 109-17.

[148] S.K. Abraham, N. Schupp, U. Schmid, H. Stopper, Antigenotoxic effects of the
phytoestrogen pelargonidin chloride and the polyphenol chlorogenic acid, Molecular
Nutrition & Food Research 51(7) (2007) 880-887.

[149] P. Rajendran, E. Ho, D.E. Williams, R.H. Dashwood, Dietary phytochemicals, HDAC
inhibition, and DNA damage/repair defects in cancer cells, Clinical Epigenetics 3(1) (2011) 4-
4,

[150] B.N. Singh, S. Shankar, R.K. Srivastava, Green tea catechin, epigallocatechin-3-gallate
(EGCG): mechanisms, perspectives and clinical applications, Biochemical pharmacology
82(12) (2011) 1807-1821.

[151] J.H. Lee, T.O. Khor, L. Shu, Z.-Y. Su, F. Fuentes, A.-N.T. Kong, Dietary phytochemicals
and cancer prevention: Nrf2 signaling, epigenetics, and cell death mechanisms in blocking
cancer initiation and progression, Pharmacology & therapeutics 137(2) (2013) 153-171.
[152] N.M.R. Sales, P.B. Pelegrini, M.C. Goersch, Nutrigenomics: Definitions and Advances of
This New Science, Journal of Nutrition and Metabolism 2014 (2014) 202759.

[153] M.-K. Kim, K. Kim, J.Y. Han, J.M. Lim, Y.S. Song, Modulation of inflammatory signaling
pathways by phytochemicals in ovarian cancer, Genes & Nutrition 6(2) (2011) 109-115.
[154] H. Wang, T.O. Khor, L. Shu, Z. Su, F. Fuentes, J.-H. Lee, A.-N.T. Kong, Plants Against
Cancer: A Review on Natural Phytochemicals in Preventing and Treating Cancers and Their
Druggability, Anti-cancer agents in medicinal chemistry 12(10) (2012) 1281-1305.

[155] T.V. Tran, C. Malainer, S. Schwaiger, T. Hung, A.G. Atanasov, E.H. Heiss, V.M. Dirsch, H.
Stuppner, Screening of Vietnamese medicinal plants for NF-kappaB signaling inhibitors:
assessing the activity of flavonoids from the stem bark of Oroxylum indicum, Journal of
ethnopharmacology 159 (2015) 36-42.

[156] D. Li, N. Liu, L. Zhao, L. Tong, H. Kawano, H.J. Yan, H.P. Li, Protective effect of
Resveratrol against nigrostriatal pathway injury in striatum via JNK pathway, Brain research
(2016).

[157] L.-M. Zhong, Y. Zong, L. Sun, J.-Z. Guo, W. Zhang, Y. He, R. Song, W.-M. Wang, C.-J.
Xiao, D. Lu, Resveratrol Inhibits Inflammatory Responses via the Mammalian Target of
Rapamycin Signaling Pathway in Cultured LPS-Stimulated Microglial Cells, PLoS ONE 7(2)
(2012) e32195.

[158] S. Li, W. Zhang, Y. Yang, T. Ma, J. Guo, S. Wang, W. Yu, L. Kong, Discovery of oral-
available resveratrol-caffeic acid based hybrids inhibiting acetylated and phosphorylated
STAT3 protein, European journal of medicinal chemistry 124 (2016) 1006-1018.

[159] S.H. Baek, J.H. Ko, H. Lee, J. Jung, M. Kong, J.W. Lee, J. Lee, A. Chinnathambi, M.E.
Zayed, S.A. Alharbi, S.G. Lee, B.S. Shim, G. Sethi, S.H. Kim, W.M. Yang, J.Y. Um, K.S. Ahn,
Resveratrol inhibits STAT3 signaling pathway through the induction of SOCS-1: Role in
apoptosis induction and radiosensitization in head and neck tumor cells, Phytomedicine :
international journal of phytotherapy and phytopharmacology 23(5) (2016) 566-77.

[160] M.A. Khan, A. Hussain, M.K. Sundaram, U. Alalami, D. Gunasekera, L. Ramesh, A.
Hamza, U. Quraishi, (-)-Epigallocatechin-3-gallate reverses the expression of various tumor-
suppressor genes by inhibiting DNA methyltransferases and histone deacetylases in human
cervical cancer cells, Oncology reports 33(4) (2015) 1976-84.

[161] N. Khan, F. Afag, M. Saleem, N. Ahmad, H. Mukhtar, Targeting multiple signaling
pathways by green tea polyphenol (-)-epigallocatechin-3-gallate, Cancer Res 66(5) (2006)
2500-5.

Page 33 of 69



[162] K. Gupta, V.S. Thakur, N. Bhaskaran, A. Nawab, M.A. Babcook, M.W. Jackson, S. Gupta,
Green tea polyphenols induce p53-dependent and p53-independent apoptosis in prostate
cancer cells through two distinct mechanisms, PloS one 7(12) (2012) e52572.

[163] I. Berindan-Neagoe, C. Braicu, O. Tudoran, O. Balacescu, A. Irimie, Early apoptosis
signals induced by a low dose of epigallocatechin 3-gallate interfere with apoptotic and cell
death pathways, Journal of nanoscience and nanotechnology 12(3) (2012) 2113-9.

[164] A.l. Irimie, C. Braicu, O. Zanoaga, V. Pileczki, C. Gherman, |. Berindan-Neagoe, R.S.
Campian, Epigallocatechin-3-gallate suppresses cell proliferation and promotes apoptosis
and autophagy in oral cancer SSC-4 cells, OncoTargets and therapy 8 (2015) 461-70.

[165] C. Braicu, V. Pileczki, L. Pop, R.C. Petric, S. Chira, E. Pointiere, P. Achimas-Cadariu, I.
Berindan-Neagoe, Dual targeted therapy with p53 siRNA and Epigallocatechingallate in a
triple negative breast cancer cell model, PloS one 10(4) (2015) e0120936.

[166] B. Banerjee, S. Chakraborty, D. Ghosh, S. Raha, P.C. Sen, K. Jana, Benzo(a)pyrene
Induced p53 Mediated Male Germ Cell Apoptosis: Synergistic Protective Effects of Curcumin
and Resveratrol, Frontiers in Pharmacology 7 (2016) 245.

[167] S.W. Kim, J.H. Moon, S.Y. Park, Activation of autophagic flux by epigallocatechin gallate
mitigates TRAIL-induced tumor cell apoptosis via down-regulation of death receptors,
Oncotarget (2016).

[168] L.Y. Mah, K.M. Ryan, Autophagy and Cancer, Cold Spring Harbor Perspectives in
Biology 4(1) (2012) a008821.

[169] L. Chen, H.L. Ye, G. Zhang, W.M. Yao, X.Z. Chen, F.C. Zhang, G. Liang, Autophagy
inhibition contributes to the synergistic interaction between EGCG and doxorubicin to kill
the hepatoma Hep3B cells, PloS one 9(1) (2014) e85771.

[170] w.i.d.-a.p.k.D.a.a.n.t.o.r. CR array analysis, Y. Kim, J.Y. Jung, S.H. Yang, T.R. Lee, D.W.
Shin, Resveratrol induces autophagy through death-associated protein kinase 1 (DAPK1) in
human dermal fibroblasts under normal culture conditions, Experimental dermatology 22(7)
(2013) 491-4.

[171] J. Zhang, J. Chiu, H. Zhang, T. Qi, Q. Tang, K. Ma, H. Lu, G. Li, Autophagic cell death
induced by resveratrol depends on the Ca(2+)/AMPK/mTOR pathway in A549 cells,
Biochemical pharmacology 86(2) (2013) 317-28.

[172] G. Gossner, M. Choi, L. Tan, S. Fogoros, K.A. Griffith, M. Kuenker, J.R. Liu, Genistein-
induced apoptosis and autophagocytosis in ovarian cancer cells, Gynecologic oncology
105(1) (2007) 23-30.

[173] O. Tudoran, O. Soritau, O. Balacescu, L. Balacescu, C. Braicu, M. Rus, C. Gherman, P.
Virag, F. Irimie, |. Berindan-Neagoe, Early transcriptional pattern of angiogenesis induced by
EGCG treatment in cervical tumour cells, Journal of cellular and molecular medicine 16(3)
(2012) 520-30.

[174] B. Al-Ani, Resveratrol inhibits proteinase-activated receptor-2-induced release of
soluble vascular endothelial growth factor receptor-1 from human endothelial cells, EXCLI
journal 12 (2013) 598-604.

[175] T.W. Kwak, S.B. Park, H.-J. Kim, Y.-I.L. Jeong, D.H. Kang, Anticancer activities of
epigallocatechin-3-gallate against cholangiocarcinoma cells, OncoTargets and therapy 10
(2017) 137-144.

[176] M.C. Manjegowda, G. Deb, N. Kumar, A.M. Limaye, Expression profiling of genes
modulated by estrogen, EGCG or both in MCF-7 breast cancer cells, Genomics Data 5 (2015)
210-212.

[177]S. Satih, N. Chalabi, N. Rabiau, R. Bosviel, L. Fontana, Y.J. Bignon, D.J. Bernard-Gallon,
Gene expression profiling of breast cancer cell lines in response to soy isoflavones using a
pangenomic microarray approach, Omics : a journal of integrative biology 14(3) (2010) 231-
8.

Page 34 of 69



[178] S. Satih, N. Chalabi, N. Rabiau, Y.J. Bignon, D.J. Bernard-Gallon, Transcriptional profiling
of breast cancer cells exposed to soy phytoestrogens after BRCA1 knockdown with a whole
human genome microarray approach, Nutrition and cancer 62(5) (2010) 659-67.

[179] K.W. Luo, C. Wei, W.Y. Lung, X.Y. Wei, B.H. Cheng, Z.M. Cai, W.R. Huang, EGCG
inhibited bladder cancer SW780 cell proliferation and migration both in vitro and in vivo via
down-regulation of NF-kappaB and MMP-9, The Journal of nutritional biochemistry 41
(2016) 56-64.

[180] X. Li, Y. Feng, J. Liu, X. Feng, K. Zhou, X. Tang, Epigallocatechin-3-gallate inhibits IGF-I-
stimulated lung cancer angiogenesis through downregulation of HIF-1alpha and VEGF
expression, Journal of nutrigenetics and nutrigenomics 6(3) (2013) 169-78.

[181] S. Nair, A. Barve, T.O. Khor, G.X. Shen, W. Lin, J.Y. Chan, L. Cai, A.N. Kong, Regulation of
Nrf2- and AP-1-mediated gene expression by epigallocatechin-3-gallate and sulforaphane in
prostate of Nrf2-knockout or C57BL/6J mice and PC-3 AP-1 human prostate cancer cells,
Acta pharmacologica Sinica 31(9) (2010) 1223-40.

[182] X. Wang, P. Jiang, P. Wang, C.S. Yang, X. Wang, Q. Feng, EGCG Enhances Cisplatin
Sensitivity by Regulating Expression of the Copper and Cisplatin Influx Transporter CTR1 in
Ovary Cancer, PLoS One 10(4) (2015) e0125402.

[183] C.M. Chang, P.Y. Chang, M.G. Tu, C.C. Lu, S.C. Kuo, S. Amagaya, C.Y. Lee, H.Y. Jao, M.Y.
Chen, J.S. Yang, Epigallocatechin gallate sensitizes CAL-27 human oral squamous cell
carcinoma cells to the anti-metastatic effects of gefitinib (Iressa) via synergistic suppression
of epidermal growth factor receptor and matrix metalloproteinase-2, Oncology reports 28(5)
(2012) 1799-807.

[184] S.A. Khaleel, A.M. Al-Abd, A.A. Ali, A.B. Abdel-Naim, Didox and resveratrol sensitize
colorectal cancer cells to doxorubicin via activating apoptosis and ameliorating P-
glycoprotein activity, Scientific reports 6 (2016) 36855.

[185] T. Fukuda, K. Oda, O. Wada-Hiraike, K. Sone, K. Inaba, Y. lIkeda, C. Makii, A. Miyasaka,
T. Kashiyama, M. Tanikawa, T. Arimoto, T. Yano, K. Kawana, Y. Osuga, T. Fujii, Autophagy
inhibition augments resveratrol-induced apoptosis in Ishikawa endometrial cancer cells,
Oncology letters 12(4) (2016) 2560-2566.

[186] P. Zhang, B. Yang, Y.Y. Yao, L.X. Zhong, X.Y. Chen, Q.Y. Kong, M.L. Wu, C. Li, H. Li, J. Liu,
PIAS3, SHP2 and SOCS3 Expression patterns in Cervical Cancers: Relevance with activation
and resveratrol-caused inactivation of STAT3 signaling, Gynecologic oncology 139(3) (2015)
529-35.

[187] M. Esteller, Non-coding RNAs in human disease, Nat Rev Genet 12(12) (2011) 861-874.
[188] L. Baselga-Escudero, C. Blade, A. Ribas-Latre, E. Casanova, M. Suarez, J.L. Torres, M.J.
Salvado, L. Arola, A. Arola-Arnal, Resveratrol and EGCG bind directly and distinctively to miR-
33a and miR-122 and modulate divergently their levels in hepatic cells, Nucleic acids
research 42(2) (2014) 882-92.

[189] R. Spizzo, M.S. Nicoloso, C.M. Croce, G.A. Calin, SnapShot: MicroRNAs in Cancer, Cell
137(3) (2009) 586-586.e1.

[190] C. Braicu, G.A. Calin, I. Berindan-Neagoe, MicroRNAs and cancer therapy - from
bystanders to major players, Current medicinal chemistry 20(29) (2013) 3561-73.

[191] C.S. Catana, G.A. Calin, |. Berindan-Neagoe, Inflamma-miRs in Aging and Breast Cancer:
Are They Reliable Players?, Frontiers in medicine 2 (2015) 85.

[192] C. Braicu, C. Tomuleasa, P. Monroig, A. Cucuianu, |. Berindan-Neagoe, G.A. Calin,
Exosomes as divine messengers: are they the Hermes of modern molecular oncology?, Cell
death and differentiation 22(1) (2015) 34-45.

[193] C. Braicu, R. Cojocneanu-Petric, S. Chira, A. Truta, A. Floares, B. Petrut, P. Achimas-
Cadariu, |. Berindan-Neagoe, Clinical and pathological implications of miRNA in bladder
cancer, International journal of nanomedicine 10 (2015) 791-800.

Page 35 of 69



[194] S.K. Srivastava, S. Arora, C. Averett, S. Singh, A.P. Singh, Modulation of microRNAs by
phytochemicals in cancer: underlying mechanisms and translational significance, BioMed
research international 2015 (2015) 848710.

[195] S. Volinia, M. Galasso, S. Costinean, L. Tagliavini, G. Gamberoni, A. Drusco, J.
Marchesini, N. Mascellani, M.E. Sana, R. Abu Jarour, C. Desponts, M. Teitell, R. Baffa, R.
Ageilan, M.V. lorio, C. Taccioli, R. Garzon, G. Di Leva, M. Fabbri, M. Catozzi, M. Previati, S.
Ambs, T. Palumbo, M. Garofalo, A. Veronese, A. Bottoni, P. Gasparini, C.C. Harris, R. Visone,
Y. Pekarsky, A. de la Chapelle, M. Bloomston, M. Dillhoff, L.Z. Rassenti, T.J. Kipps, K.
Huebner, F. Pichiorri, D. Lenze, S. Cairo, M.A. Buendia, P. Pineau, A. Dejean, N. Zanesi, S.
Rossi, G.A. Calin, C.G. Liu, J. Palatini, M. Negrini, A. Vecchione, A. Rosenberg, C.M. Croce,
Reprogramming of miRNA networks in cancer and leukemia, Genome research 20(5) (2010)
589-99.

[196] S. Bae, E.-M. Lee, H.J. Cha, K. Kim, Y. Yoon, H. Lee, J. Kim, Y.-J. Kim, H.G. Lee, H.-K.
Jeung, Y.H. Min, S. An, Resveratrol Alters microRNA Expression Profiles in A549 Human Non-
Small Cell Lung Cancer Cells, Molecules and Cells 32(3) (2011) 243-249.

[197] E. Tili, J.J. Michaille, H. Alder, S. Volinia, D. Delmas, N. Latruffe, C.M. Croce, Resveratrol
modulates the levels of microRNAs targeting genes encoding tumor-suppressors and
effectors of TGFbeta signaling pathway in SW480 cells, Biochemical pharmacology 80(12)
(2010) 2057-65.

[198] N. Rabiau, H.K. Trraf, M. Adjakly, R. Bosviel, L. Guy, L. Fontana, Y.J. Bignon, D.J.
Bernard-Gallon, miRNAs differentially expressed in prostate cancer cell lines after soy
treatment, In vivo (Athens, Greece) 25(6) (2011) 917-21.

[199] H. Zhou, J.X. Chen, C.S. Yang, M.Q. Yang, Y. Deng, H. Wang, Gene regulation mediated
by microRNAs in response to green tea polyphenol EGCG in mouse lung cancer, BMC
genomics 15 Suppl 11 (2014) S3.

[200] H. Sonoki, T. Sato, S. Endo, T. Matsunaga, M. Yamaguchi, Y. Yamazaki, J. Sugatani, A.
Ikari, Quercetin Decreases Claudin-2 Expression Mediated by Up-Regulation of microRNA
miR-16 in Lung Adenocarcinoma A549 Cells, Nutrients 7(6) (2015) 4578-4592.

[201] F. Karimi Dermani, M. Saidijam, R. Amini, A. Mahdavinezhad, K. Heydari, R. Najafi,
Resveratrol Inhibits Proliferation, Invasion, and Epithelial-Mesenchymal Transition by
Increasing miR-200c Expression in HCT-116 Colorectal Cancer Cells, Journal of cellular
biochemistry (2016) n/a-n/a.

[202] E. Tili, J.-J. Michaille, H. Alder, S. Volinia, D. Delmas, N. Latruffe, C.M. Croce,
Resveratrol modulates the levels of microRNAs targeting genes encoding tumor-suppressors
and effectors of TGFP signaling pathway in SW480 cells, Biochemical pharmacology 80(12)
(2010) 2057-2065.

[203] N.G. Chen, C.C. Lu, Y.H. Lin, W.C. Shen, C.H. Lai, Y.J. Ho, J.G. Chung, T.H. Lin, Y.C. Lin,
J.S. Yang, Proteomic approaches to study epigallocatechin gallate-provoked apoptosis of
TSGH-8301 human urinary bladder carcinoma cells: roles of AKT and heat shock protein 27-
modulated intrinsic apoptotic pathways, Oncology reports 26(4) (2011) 939-47.

[204] G.R. Yan, X.F.Yin, C.L. Xiao, Z.L. Tan, S.H. Xu, Q.Y. He, Identification of novel signaling
components in genistein-regulated signaling pathways by quantitative phosphoproteomics,
Journal of proteomics 75(2) (2011) 695-707.

[205] H.-P. Lin, C.-Y. Lin, C. Huo, P.-H. Hsiao, L.-C. Su, S.S. Jiang, T.-M. Chan, C.-H. Chang, L.-T.
Chen, H.-J. Kung, H.-D. Wang, C.-P. Chuu, Caffeic acid phenethyl ester induced cell cycle
arrest and growth inhibition in androgen-independent prostate cancer cells via regulation of
Skp2, p53, p21(Cipl) and p27(Kip1), Oncotarget 6(9) (2015) 6684-6707.

[206] S.W. Kim, J.H. Moon, S.Y. Park, Activation of autophagic flux by epigallocatechin gallate
mitigates TRAIL-induced tumor cell apoptosis via down-regulation of death receptors,
Oncotarget 7(40) (2016) 65660-65668.

Page 36 of 69



[207] M. Masuda, M. Suzui, J.T. Lim, I.B. Weinstein, Epigallocatechin-3-gallate inhibits
activation of HER-2/neu and downstream signaling pathways in human head and neck and
breast carcinoma cells, Clinical cancer research : an official journal of the American
Association for Cancer Research 9(9) (2003) 3486-91.

[208] G. Liang, A. Tang, X. Lin, L. Li, S. Zhang, Z. Huang, H. Tang, Q.Q. Li, Green tea catechins
augment the antitumor activity of doxorubicin in an in vivo mouse model for chemoresistant
liver cancer, Int J Oncol 37(1) (2010) 111-23.

[209] C. Buhrmann, P. Shayan, P. Kraehe, B. Popper, A. Goel, M. Shakibaei, Resveratrol
induces chemosensitization to 5-fluorouracil through up-regulation of intercellular junctions,
Epithelial-to-mesenchymal transition and apoptosis in colorectal cancer, Biochemical
pharmacology 98(1) (2015) 51-68.

[210] S. Toden, H.M. Tran, O.A. Tovar-Camargo, Y. Okugawa, A. Goel, Epigallocatechin-3-
gallate targets cancer stem-like cells and enhances 5-fluorouracil chemosensitivity in
colorectal cancer, Oncotarget 7(13) (2016) 16158-71.

[211] J. Ma, F. Zeng, C. Ma, H. Pang, B. Fang, C. Lian, B. Yin, X. Zhang, Z. Wang, J. Xia,
Synergistic reversal effect of epithelial-to-mesenchymal transition by miR-223 inhibitor and
genistein in gemcitabine-resistant pancreatic cancer cells, American Journal of Cancer
Research 6(6) (2016) 1384-1395.

[212] G. Rai, S. Mishra, S. Suman, Y. Shukla, Resveratrol improves the anticancer effects of
doxorubicin in vitro and in vivo models: A mechanistic insight, Phytomedicine : international
journal of phytotherapy and phytopharmacology 23(3) (2016) 233-42.

[213] T. Rodrigues, D. Reker, P. Schneider, G. Schneider, Counting on natural products for
drug design, Nature chemistry 8(6) (2016) 531-41.

Page 37 of 69



ACCEPTED MANUSCRIPT

Fig 1

- proten sy, 20TOF coupled.
- Wi N5 and NMR or,

L. DNA damage and
epigenetic alteration

Proteomic
alteration

aa
Pathological status ,;7;@‘:,‘:‘:“

W. fte-
Healthy status "

Page 38 of 69



Datoxification and
anti-mfammatory:
EGCG, resveratrol,

b / Leansa
Oxidative stress /1

and inflammation

Epigenetic, genetic and
transcriptomic alteration

Pathological status,

% >

>4 SRl S '

Normal
status RUpRrRRNNg AgWies
Cofl proffaration. EGCG, reswevatrol. perrsten
hnmr\w CAPE
onlls win EOCG, o g
od gene poly yphagy: LGIG, cAPT
Acquiasition of novel gQemetic, omn resistance: EOCO, -mmml
. L and EGOG.
nd solabolomics aleration -m-nd i, Guntiiben

Fig 4
Chemoprevention
{--.EGCG, resveratrol, \ : Activation of
quercetin, CAPE. ) antioxidant
enzyme system
Restoring normal phenotype

Environmental risk factors ;‘m‘,‘,’
Genetic and epigenetic alteration

AN

Inmmlgn
Tumor regression, activate apoptosis,

call proliferstion
(.-.EGCG, resveratrol, gonistein. dakizein
quarcetin, CAPE,)

immunomodulatory mediators
| MAFK, NFRB, COX-2, POKIAXT, TNF<
1, EGCG, resveratrol, quercesn, CAPE )

Page 39 of 69



Fig 5

Epigenetic alteration:
Histone modification,
DNA methylation,
nucleosome modification
o
Green tea Soy bem
EGCG, ., Genistein
3 § L, Lol
a Honey Daidzein
2 o
v
R CAPE o '
’ - ercetin ™
..:-“é:: W A ) "“'Resveratrol ,, ..
= —\‘ Genetic and J
5 : = % | epigenetic
Pathological OMVO stross and alteration
status Inflammatory reaction acquisition
Healthy /r///,{/!z ‘
status \ A
| \mRNA miRNA  proteins and
Greentea Soy beans and IncRNA transcriptor
: 2 A Q m factors
EGCG . Gonistein V <
<
Honey -
3 -ﬁ Resvoragro[
CAPE . . Translation

Table 1. The main application of phytochemicals in cancer prevention and treatment.

Class | Subcl | Phytochem | Genomic data related | Biologic | Biological Refer
ass ical to antitumor effects al effects ences
source
Poly | Flava | Quercetin Epigenetic regulation via | Seeds, Antioxidant, | [36,
pheno | nols NF«B signaling [41]; citrus antiproliferat | 49]
Is Kaempferol | histone modification [42, | fruits, ive and
43] olive oil, | antitumor
Gene expression: Wnt/B- | tea, and | effect
catenin [44, 45], 2- red wine

AMPK-mTOR [46],
HSP70[47]
PI3K/Akt, TGFB/Smad,

Page 40 of 69




E-cadherin, cyclin D1, c-
Myc, b-catenin and
vimentin[45], p21, Twist
and p38MAPK]48],
Caspase 3, EGFR[48,
49]

miRNA expression: mir-
98[50], miR-151[51],
let-7[52], miR-146a[48],
mir-145[53], miR-
27a[54]

IncRNA: NEAT1[50]
SNP: APE1/Ref-1
SNP[55]

Flavo | Apigenin Epigenetic regulation: Citric Estrogenic, [34,
nes Lutheolin attenuated DNMT and fruit anticarcinoge | 37]
HDAC activity [56] nic, and
Target 5-cytosine antioxidant
DNMT,; Histone H3 and
H4 hyperacetylation [57]
Gene expression: VEGF,
PDGFp[58],
Akt/FOXO03a [59],
Nrf2 [56], hTERT[60]
MAPK[61]
miRNA expression:
miR-138[60]
Isofla | Genistein Epigenetic regulation: Soy Estrogenic, [38]
vones | Daidzein DNA methylation of beans, anticarcinoge
GSTP1, RASSF1A, chick ni
EPH2 and BRCA1 peas, c and
promoter[62], alfalfa, antioxidative
histone acetylation and peanuts
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demethylation activates
tumor suppressor

genes [57, 63],

Gene expression:
AR[62], ER[39], Akt,
Cyclins[64], NFkB[62],
Whnt/B-catenin[65],
MMP2, -9, MT1-, MT2-,
MT3-MMP and TIMP-1,
-2 and -3[66]

miRNA expression:
miR-34[67], miR-
155[68]

IncRNA: HOTAIR][67,
69]

SNP: APE1/Ref-1 SNP
[55]

Antho
cyani

dins

Cyaniding

Pelargonidi

n

Petunidin

Epigenetic mechanisms:

demethylate tumor suppr
essor genes through inhi
bition of DNMT1 and D
NMT3B[70], regulate
methylation of Wnt
pathway genes[71],
down-regulate the
methylation of p53[72]
Gene expression: ER,
AR, Her-2[73], NFkB,
COX-2, iNOS,
PI3K/Akt, AP-1[64, 74],
RAS/RAF/MAPK,
MMP2 and MMP-9[75],
TGFB/Smad2

Red
grapes,
blueberr
ies,
cherries,
strawber
ries,
blackber
ries,
raspberri
es, green
and
black
tea,
honey
and

Anti-
inflammator
y and

anticarcinoge
nic activity,
cardiovascul
ar  disease
prevention,
obesity
control, and
diabetes

alleviation

properties

[77,
78]
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[76]

cocoa

Flava
n-3-
ols

Catechins

Epicatechin

Epigallocate

chin gallate

Epigenetic requlation:

histone modification
[42], DNA methylation
[42, 43], decrease
transcription of DNMTL,
DNMT3a, and DNMT3b
methylation status of the
promoter region of
RARSp, decreased acetyl-
H3, acetyl-H3K?9 and
acetyl-H4 levels in
hTERT[79]

Gene expression: Wnt/f-
catenin[44], HIF-a[80],
PI3K, MAPK, NFkB,
HGF, IGF-1, VEGA,
TNF-0[64]

miRNA expression: mir-
98[50], miR-151[51],
let-7[52], miR-16[81],
miR-210[80]

IncRNA: NEAT1[50]
SNP: APE1/Ref-1
SNP[55]

Green
tea,
chocolat

e, grapes

Antioxidant
and
anticarcinoge
nic effect,
target altered
epigenetic

mechanisms

[82-
84]

Non-
flavon

oids

Hydroxycin
nammic

acids

Stilbenoids
(resveratro
I, cinnamic
acid)

Epigenetic regulation:
DNMT1, prevents
epigenetic silencing of
the BRCA-1 gene[85]
Gene expression:

Cyclin A, Bl and E,
Cdk1, TGFB1/Smad[86],

Grapes,
wine,
blueberr
ies,
peanuts,
raspberri

€s

Antioxidant
effects,
antitumoral
effects
proapoptotic,
antiproliferat

ion, anti-

[91]

[92,
93]
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Nrf[64]
miRNA expression:
miR-27a[54] miR-125b-

inflammation
and

antiangiogen

5p, miR-200c miR-409- ic effects
3p, miR-122-5p and
miR-542-3p[87], miR-
148a[86]
IncRNA:
AKO001796[88],
MALAT1[89], neatl,
NEAT1, MIR155HG,
MEGS3, and ST70T1[90]
Terpe | Mono | Limonene, | Gene expression: Essentia | Inhibit  cell | [95]
noids | terpen | cantharidin | cytochrome c, caspase-9 | | oil, | proliferation
oids and -3, NFkB, MAPK, citric and invasion;
TNF-a, IL-6, fruit, anti-
FOX3a BCL-2, PD- medicin | inflammator
1/PD-L1 [94] al plants |y effect;
Sesqu | Artemisinin Medicin | proapoptotic
iterpe | and its al plants | effect;
noids | derivatives antibacterial
Diterp | Oridonin, Medicin | effects
enoids | pseudolaric al plants
acid B,
andrograph
olide,
triptolide,
tanshinone
A
Triter | Celastrol, Medicin
penoi | cucurbitacin al plants
ds S, alisol,
pachymic
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acid

Tetrat
erpen

oids

Carotenoids
(alpha, beta
and gamma
carotene,
lutein,

zeaxanthin)

Tomatoe
S,
carrots,
corn,
€ggs,
kale,
spinach,
red
Pepper,
pumpkin
oranges,
rhubarb,
plum,
mango,
papaya,
guava,

papaya

Antioxidant,
metabolic
disorders,
antitumoral

effects

[96]

Pheno
lic
acids

Hydro

benzo

acids

Gallic acid

Ellagic acid

Vanillic

acid

Gene expression:

COX, ATM, NF-kB and
Akt, TNF-0, [97] MAPK,
IGF-1R and EGFR[98]

ncRNA expression and

target genes:
miR-126/VCAM-1 and

miR-
126/P13K/AKT/mTOR[9
9], miR-518b[100]

Grape
seed,
raspberri
es,
blackber
ries,
pomegra
nate,
vanilla,
green
and
black tea

Antibacterial
effects,
antioxidants,
antitumoral
effect

Hydro

Xycin

Ferulic acid,

p-coumaric

Epigenetic mechanism:

HDAC inhibitor and

Wheat

bran,

Antioxidant,

imune

[101,
102]
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namic | acid induces hyperacetylation | cinnamo | response
acids | Caffeic acid | of histone proteins[103] | n, modulator,
and caffeic | Gene expression: Inhibit | coffee, | antitumoral
acid MAPKSs NF-kB | honey, effect
phenethyl activation[104], target | Kiwi
ester apoptotic genes clAP- 1, | fruit,
(CAPE) ClAP-2 and XIAP [105] | plums,
Sinapic acid | Bax, Bad, and | blueberr
procaspase, and the | ies
cleavage of PARP, and
the BclXL [104],
CASP8, FAS, FADD,
p53, ZEB1, ZEB2, or
TGFBB1[106]

Phyto | Sitosterol Gene expression: Nuts, Reduce the | [107,
sterols | Campesterol Caspase-3, BCL-2, | seeds, risk for | 108]
Stigmasterol MAPKSs, AKT[107] legumes, | cardiovascul
wheat ar diseases,
germ, antitumoral

whole effects
grains,

bran,

fruit,

vegetabl

es

Table 2 The main genomic alterations retrieved in tumoral cell lines upon exposure to

natural phytochemicals.

Phytoc
hemic

als

Do

Se

Patho
logy

Preclin
ical

model

End-point | Relevant Relevant Refer
mechanism | molecular ence
target
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EGCG

40 | Breas | MCF-7 | Microarray | Oestrogen Overexpressed | [176]
uM |t driven 1473 genes,
cance processes in | downregulated
r ER-positive | 1844.
breast Increased
cancer cells. | expression of
two estrogen
transcripts
(pS2 and PR)
20 | Triple | Hs578 | Cell Targeting 22 genes, of [138]
uM | negati | T proliferatio | apoptosis which 18 were
ve n but also upregulated
breast by xCELLI | activation of | and four
cance gence drug downregulated
r System, resistance :
flow genes unspecific
cytometry, activation of
PCR-array pro-apoptotic
genes BAG3,
XIAP, RIPK2
5 Chola | HUCC- | Cell Activated Bax/Bcl-2, [175]
ug/ | ngioc | Tl proliferatio | apoptosis, Caspase, and
mL | arcin | cells, n, flow decrease cytochrome C
oma |tumor | cytometry, | invasion, Notchl,
xenogr | western and MMP-2/9
aft blot, IHC migration
model
25- | Bladd | SW780 | Cell Decreasing | caspases-8,-9 | [179]
10 |ercan | cells | proliferatio | cell and -3, Bax,
0 cer and n, flow proliferation | Bcl-2 and
uM tumor | cytometry, |, and PARP, NF-kB
xXenogr | western migration and MMP-9
aft blot, qRT- | activating
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model | PCR apoptosis
0- | Lung | A549 | Tumorsphe | Decreasing | Wnt/B-catenin | [44]
10 | cance | and re CSCs
0 r H1299 | formation markers,
uM cells assay, flow | suppressing
cytometry, | proliferation
Hoechst and
staining, inducing
gRT-PCR, | apoptosis
western
blot
0- | Lung | A549 | Cell Modulate Downregulatio | [180]
10 | cance | cells proliferatio | hypoxic n of HIF-1a
0 r n, mechanisms | and VEGF
uM angiogenes |, inhibits expression
IS assay, angiogenesi
invasion S
approach,
qRT-PCR,
ELISA
25- | Prost | PC-3 Modulates | Microarray, | Nrf2 and AP-1 | [181]
10 | ate AP-1, | gene gRT-PCR,
0 cance | Nrf2- | expression | microarray,
um | r knocko | responses | luciferases
ol/ ut or to oxidative | assay,
L C57BL | and
/6J electrophili
mice C stresses
0- | Ovari | OVCA | gRT-PCR, | Drug CTR1 [182]
20 |an R3, MTT resistance
uM | cance | SKOV | assay, mechanism
r 3 and | colony
HEK- | assay
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293T formation,
Hoechst
33258
staining,
measureme
nt of
platinum
(P1)
accumulati
on in cells
0- | Oral | Cal-27 | Cell Decreasing | EGFR,MMP- | [183]
10 | cance proliferatio | cell 2, ERK, JNK,
0 r n, proliferation | p38 and AKT
uM microarray, |, and
western migration
blot, activating
invasion apoptosis,
assay EMT
20 | Oral | SSC-4 | Cell Decreasing | Activates the | [164]
uM | cance proliferatio | cell expression of
r n, proliferation | the BAD,
apoptosis , and BAK, FAS,
assay, migration IGF1R,
gRT-PCR, | activating WNT11, and
western apoptosis ZEB1 genes
blot, and inhibits
CASP8, MYC,
and TP53
0- | Mela | SK- MTS assay, | Activating | Targets NFkB | [134]
80 | noma | MEL- | NF-xB gel | apoptosis, pathways
uM 5, SK- | shift assay, | reducing effectors
MEL- |in migration (IxBa, p-
28, vitro ubiqui | and invasion | TAK1 p65 and
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A375, | tination p50), TRAF6
and assay,
G361, | western
xenogr | blot, gRT-
aft PCR
models
Resver | 0- | Color | HCT MTT test, | Drug MDR genes, [184]
atrol 40 |ectal |116 gRT-PCR, | resistance Bax, Bclz, Bcl-
uM | cance | and western mechanism | xl and p53
r HT-29 | blot, (p-
western glycoprotein
blot, cell pump),
cycle, apoptosis
assessment | and cell
of Pgpand | cycle
Pgp-
ATPase
activity
0.1 | Endo | Ishika | MTT Autophagy | Targeting [185]
— metri | wa assays, autophagy
20 | al cells flow ATGS or
0 cance cytometry ATG7
Mhoo|r and
M annexin V
staining,
gRT-PCR,
western
blot,
immunoflu
orescence,
10 | Cervi | HeLa, | MTT test, | Apoptosis PIAS3 [186]
0 cal SiHa gRT-PCR, correlated
uM | and and western most
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squa | C33A | blot, tissue negatively
mous microarray with STAT3
cell nuclear
carcin translocation
oma
Daidze | 78. | Breas | MDA- | Microarray | Pathways 169 genes with | [177]
in S5u |t MB- related to an altered
M | cance | 231, cellular expression
r MCF- communicat | level, involved
7, ion, in 24 total
MCF- biodegradati | pathways, 17
10 on of pathways
xenobiotics, | common to
lipid both ER—
metabolism, | status and
signal tumor status.
transduction
, and cell
growth/deat
h
Genist | 18. | Breas | MDA- | Microarray | Pathways 246 genes with | [177]
ein S5p |t MB- related to an altered
M | cance | 231, communicat | expression
r MCF- ion, level
7, biodegradati | 22 total
MCF- on of pathways were
10 xenobiotics, | dysregulated,
lipid 13 common to
metabolism, | both ER—
signal status and

transduction
, and cell
growth/deat

tumor status
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h

35- | Breas | MDA- | Cell Reduce cell | MMP-2, -9, [66]
10 |t MB- proliferatio | cycle MT1-, MT2-,
0 |cance | 231, n, flow progression | MT3-MMP
uM | r MCF-7 | cytometry, |and and TIMP-1, -
zymograph | metastatic 2 and -3
ic analysis | potential of
of MMP-2 | cells
and -9, in
vitro
invasion
assay,
gRT-PCR
Querc | 10- | Triple | MDA- | Cell Induced PI3K/Akt, [45]
etin 50 | negati | MB- proliferatio | change in TGF-b/Smad,
uM | ve 231 n test, cell E-cadherin, B-
breast | and wound morphology | catenin cyclin
cance | MDA- | healing and D1, c-Myc, b-
r MB- assay, inhibited catenin and
468 migration cell vimentin
and migration;
invasion induce MET
assay, via
gRT-PCR, | B-catenin
western
blot
40 | Breas | MCF-7 | Cell Suppresses | CyclinD1, [48]
uM | t and proliferatio | Twist p21, Twist and
cance | MDA- | n test, leading to phospho
r cells | MB- apoptosis the p38MAPK
231 by flow induction of
cytometry, | apoptosis
soft agar
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colony

formation
assay,
qRT-PCR,
western
blot,
transmissio
n electron
microscopy
50 | Lung | H460 | Microarray, | Apoptosis TRAILR, [177]
uM | cance | cells Hoechst activation, IL1IR, DFF45,
r staining, DNA FAS, IkBa,
trypan blue | fragmentati | GADDA45,
exclusion, | on, cell p21°P! NF-
and DNA | cycle kB, IKKa
fragmentati | inhibition
on assays, | growth
caspase arrest,
cleavage inhibit
evaluation | activation of
NF«B
pathways
CAPE | 0- | Pancr | MIAPa | Cell Apoptosis Pro-apoptotic | [104]
25 |eatic | Ca-2 proliferatio | and proteins Bax,
uM | ductal | and n, western | autophagy Bad, and
adeno | PANC- | blot, procaspase,
carcin | 1 apoptosis and the
oma by tunel cleavage of
assay PARP, and the

anti-apoptotic
proteins
BclXL and

surviving
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10 | Ovari
uM | an
cance

A2780/
A2780

cis

MTT test,
flow
cytometry
and gRT-
PCR

Apoptosis
and
activated
EMT related
genes
(ZEB1,
ZEB2, or
TGFBB1)

Activate pro-

apoptotic
genes (BAD,

CASPS, FAS,

FADD, p53)

[106]

Table 3. Plant-derived phytochemicals as miRNA and IncRNA modulators in cancer

therapy.
Cancer | Natural | Preclinic | NCRNA Gene Mechanis | Technolo | Referenc
type compou | al model | targeted targeted | m gy e
nd by (microarr
(dose) mMiRNA ay, NGS,
RT-PCR)
Breast Resvera | MCF-7 | MCF-7 cells: BCL-2, | Activation | PCR- [87]
cancer trol and 37 miRNA Cdks of cell array
MDA- | with an altered death
MB-231 | expression mechanis
level (eg. 1: m
miR-542, miR-
125b)
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MDA-MB-231

cells: |25
miRNA 25 eg.
miR-542, miR-
200c
Common
miRNA in
both cell line:
T miR-199a, |
miR-125b,
miR-140, miR-
20a
Geniste | MDA- JmiR-155 FOXO3, | Proapoptot | gRT- [68]
in MB- PTEN, ic and PCR
(0- 435, casein antiprolife
50 uM) | Hs578T kinase, rative
and and p27
xenograf
t models
Geniste | MCF-7 | |[HOTAIR HOTAIR qRT- [69]
in Cells /p-Akt PCR
(0-80 Signaling
UM) Pathway
Quercet | MCF-7 | tmiR-146a Caspase | Activate qRT- [48]
in and 3, EGFR | apoptosis | PCR
MDA- Mitochond
MB- rial
231, pathways,
xenograf and
t assays inhibiting
in nude invasion
mice by
inhibiting
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of EGFR

CAPE | MHCC9 | tmiR-148a miR- TGFB/SM | qRT- [86]
7H and | miR-155 and 148a ADs PCR
MDA- miR-206 down- signal
MB-231 regulates | pathway,
and DNMT1 | target
animal stem-like
models properties
Prostate | EGCG | LNCaP |1 miRNA-330 | AR Androgen | Insilico | [133]
cancer (20-40 | and and | miRNA- receptor molecula
uM) 22R1 21 signalling |r
cells, modellin
xenograf g, qRT-
t models PCR
Geniste | PC3and | 1miR-34a, miR-34 | Tumorige | Microarr | [67]
in(25 | DU145 | Top 5 IncRNA | target nesis ay, qRT-
HUM) - HOTAIR, HOTAIR PCR
LOC10028762
8,
LOC145474,
Cé6orf147,
LOC10050716
5
Geniste | PC3 and | |miR-151 CASZ1, | Progressio | gRT- [51]
in (25 DU145 ILIRAP | nand PCR,
uM) L1, metastasis
SOX17, | of prostate
N4BP1 cancer
and
ARHGD
1A
Geniste | DU145 | DUl45cells | | ERBB2, | Differentia | TagMan | [198]
in (40 | cells miR-155, miR- | ERBB3, | tion, mMiRNA
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uM) LNCaP | 208b, miR- VEGFA | signal array and
and cells 211, -376a and transducti | gRT-
daidzei miR-411 on, cell PCR
n (110 LNCaP cells maintenan
uM) miR-494, miR- ce
5209, miR-542
PC3L | miR-
1253, miR-
125b and miR-
15b;
TmiR-548b
Geniste | PC3and | |HOTAIR, N/A Knockdow | Microarr | [67]
in(25 | DU145 | tmiR-34a n using ay
HM) SiRNA for
HOTAIR
decreased
cell
proliferati
on,
migration
and
invasion
and
induced
apoptosis
and cell cy
cle arrest.
Lung EGCG | NNK- 12 AKT, Activated | Microarr | [199]
cancer (0-10 induced | overexpressed | NF-xB, | apoptosis, | ay
uM) mouse and 9 MAPK decrease
lung downregulated invasion,
tumor mMiRNAS and
Top 5 1: miR- migration
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2137, miR-
449a, miR-
144, miR-486,
miR-3107
Top 5 |: miR-
696, miR-
449c, miR-7a,
miR-205, miR-
450a
EGCG | H1299, |1 miR-210 HIF-1a Inhibit Microarr | [80]
(0-40 H460 proliferati | ay, gRT-
uM) and on and PCR,
A549 ce anchorage
Ils -
independe
nt
growth vi
a HIF-1a
stabilizatio
n
EGCG | A549, | 1NEATI, | CTR1 NEAT1 |gRT- [50]
(0-50 H460 miR-98 regulate PCR
uM) and CTR1
H1299 gene
expression
Drug
resistance
mechanis
m
Resvera | A549 33 altered Target Cell Microarr | [196]
trol cells miRNAs (120 | genes proliferati | ay
(60-120 uM) related to | on and
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#M)

1: miR-124,
miR-183, miR-
195, miR-339,
miR-630

|: miR-1225,
miR-139, miR-
181d, miR-
182, miR-
196a, miR-
206, miR-21",
miR-24-17,
miR-30c-1",
miR-32, miR-
373, miR-383,
miR-432, miR-
503, miR-512,
miR-518c”,
miR-520d-3p,
miR-548c,
miR-550, miR-
574-3p, miR-
593, miR-622,
miR-623, miR-
663, miR-765,
miR-769, miR-
885-3p, miR-
886-3p

apoptosis
, cell
cycle
regulatio
n, cell
proliferat
ion, and
differenti

ation

apoptosis

Resvera
trol (25

#M)

A549

cells

21 IncRNAs
were
upregulated
and 19
InNcRNAs
The most

InNcRNA
AKO0017
96
regulates
multiple

cell-

Cell cycle

PCR

array

[88]
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upregulated cycle-
was related
AKO001796 genes
Quercet | A549 Ce | miR-16 Claudin- | Tight qRT- [200]
in (0- Ils 2 junction PCR
100 proteins,
uM) decreases
claudin-2
expression
mediated
by up-
regulation
of miR-16
expression
Colorect | Resvera | HCT- TmiR-200 E- Target gRT- [201]
al cancer | trol (0— | 116 cells cadherin, | apoptosis, | PCR
400 uM Vimentin | invasion,
) and and
ZEB1 switching
of EMT to
MET
Resvera | SW480 | 22 miRNAs TGFBR1 | TGFp Microarr | [202]
trol (0- | cells overexpressed | TGFBR2, | signalling | ay,
100 and 26 PDCD4, | pathway mutagene
uM) downregulated | PTEN, sis assay
Top51: miR- | and
146b-5p, miR- | SMADs
1, miR-340,
miR-615, miR-
801
Top 5 |: miR-
17, miR-
21, miR-25,
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or miR-92a-2,
miR-30a
Resvera | LoVo IMALAT1 Wnt/B- Wnt/B- qRT- [89]
trol (O- | and catenin catenin PCR
50 uM) | HCT116 signalling,
leading to
the
inhibition
of
invasion
and
metastasis
Resvera | HT-29 lmiR-27a miR-27a- | Apoptosis | gRT- [54]
trol ZBTB10 PCR
and que -axis
rcetin related to
(1:1) Sp
downreg
ulation
Ovarian | Quercet | SKOV-3 | 1TmiR-145 Caspase- | Extrinsic | qRT- [53]
cancer in (O- and 3 death PCR
100 A2780 receptor-
uM) mediated
and
intrinsic
mitochond
rial
apoptotic
pathways.
Hepatoc | EGCG | HepG2 | Microarray: BCL-2 miR-16 in | Microarr | [81]
ellular (100 cells Tlet-7, miR-16, | target mediating | ay, gRT-
cancer uM) miR-18b, miR- | miR-16 | the PCR
20a, miR-25, apoptotic
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miR-92, miR- effect
93, miR-221,
miR-320
JmiR-10a,
miR-18a, miR-
19a, miR-26b,
miR-29b, miR-
34b, miR-98,
miR-129, miR-
181d
Validate gRT-
PCR by:
tmiR-16, let-
7a, miR-221;
JmiR-18a,
miR34b, miR-
193b, miR-
221, miR-222,
miR-324
Quercet | HepG2 | 1miR-34a p53, miR-34a Microarr | [177]
in and SIRT1 plays an ay
(31.25 | Huh7 important
uM) cells role in the
anti-tumor
effects of
quercetin
in HCC,
via
p53/miR-
34a/SIRT1
Glioblast | Resvera | U251 1 NEAT]L, N/A Genotoxic | qRT- [90]
oma trol (1 | and U87 | MIR155HG, stress- PCR
uM) MEG3, and induced ce
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ST70T1 Il death
Melano | EGCG | B16 Let-7 HMGAZ2 | Tumour Microarr | [52]
ma (5 uM) | cells progressio | ay and
Nude n qRT-
mouse PCR
xenograf
t studies

Table 4. Relevant examples related to the alteration of proteomic and

metabolomic pattern by natural compounds.

Phytoch | Dos | Patholo | Precli | End-point Relevant Relevant protein | Refer
emicals | e ay nical mechanism target ence
model
EGCG | O0- Urinary | TSGH | Assay for Apoptotic Bcl-2, Bax, BAD | [203]
100 | bladder | -8301 | mitochondrial | BCL-2 AKT, | and p-BAD, p-
uM | carcino membrane and HSP27 BAD
ma potential, pathways and
proteomic
analysis,
Western
blotting
analysis,
AKT Kkinase
assay
5- Colon HCT1 | MTT test, EGCG Death receptors [206]
20 | cancer |16 apoptosis sensitized DR4 and DR5,
uM assay, TRAIL- Caspase-8
western blot | induced
apoptosis via
death
receptors
25- | Colon HCT1 | ROS ROS-related | Sestrin [46]
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Genistei

n

50 | Cancer |16 evaluation, apoptosis in | 2/AMPK/mTOR
uM MTT test, p53 mutant pathways
apoptosis cells
assay,
western blot
40 | Gastric | SGC- | Cell culture Phosphorylati | 1177 [204]
uM | cancer | 7901 |andSILAC on of proteins | phosphorylation
cells labelling, sites on 635
protein unique proteins;
digestion, among them, 320
Phosphopepti phosphorylation
des sites on 222
enrichment unique
using TiO2, phosphopeptides
SCX-LC- representing 215
MS/MS non-redundant
analysis, proteins.
phosphopepti GPCRs, DCC,
des NCK1, TNK2,
identification BTK, TP53BP1,
and BCLAF, MAX
quantitation, and MAG.
and
phosphosites
validation,
Western blot
analysis,
immunopreci
pitation
40 | Ovarian | A2780 | MTT test, Activation of | Activation of [172]
uM | cancer | cells apoptosis apoptosis and | caspase-9 and
assay, autophagocyt | cleaved Caspase-
microscopy, | OSis 9 (p37/35
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western blot

fragments),
reducing the

phosphorylation
of Akt
1- Hepatoc | HepG | MTT test, Increased Target MRP2, [139]
10 |ellular | 2 cells | apoptosis multidrug PXR and P-gp
uM | cancer assay, resistance,
microscopy, modulate
western blot, | Sorafenib
qRT-PCR cytotoxicity
Caffeic | 0- | Prostate | LNCa | Micro- Induced cell | Skp2, Cdk2, [205]
acid 40 | cancer | P 104- | Western cycle arrest Cdk4, Cdk7, Rb,
pheneth | uM R1 Array, cell and growth phospho-Rb
yl ester cells, | proliferation, | inhibition Vi | S807/811, cyclin
(CAPE) nude | Western blot | aregulation | A, cyclin D1,
mice | analysis, soft | of Skp2, p53, | cyclin H, E2F1,
agar colony | p21°P1 and | c-Mygc, SGK,
formation, p27KiPL, phospho-
cell cycle, p70S6kinase
qRT-PCR T421/S424,
phospho-mTOR
Ser2481,
phospho-GSK3a
Ser21, but

induced p21°*1,
p27KiPt ATF4,
cyclin E, p53,
TRIB3, phospho-
p53 (Ser6, Ser33,
Ser46, Ser392),
phospho-p38
MAPK
Thr180/Tyr182,
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Chk1, Chk2,
phospho-ATM
$1981, phospho-
ATR S428, and
phospho-p90RSK
Ser380

Table 5. Some examples of phytochemicals used

chemotherapeutics in cancer treatment.

in combination with

Phytochem | Chemothera | Biological systems Biological effect Referenc
icals peutic e
EGCG 5- Colorectal cancer targets cancer stem-like cells [210]
Fluorouraci | cells (HCT116 alnd | and enhances 5-
| SW480 CRC cells) | fluorouracil chemosensitivity
Taxol Head and neck and Synergistic growth inhibition [207]
breast carcinoma inhibits activation of HER-
cells. 2/neu and downstream
signalling pathway; inhibits
activation of the EGFR in
carcinoma cells
Taxol Hepatocellular cells | Synergic antiproliferative effect | [208]
and HCC xenograft | in BEL-7404/DOX cells and
models animal models
Doxorubici | Hepatocellular cells | Chemotherapeutic effect of [169]
n (Hep3B cells) doxorubicin increased in the
presence of EGCG, mainly via
autophagy inhibition.
Cisplatin Lung cancer cells EGCG-mediated CTR1 [50]
(A549, H460 and induction via NEAT1/hsa-mir-
H1299) cells, cDDP- | 98-5p crosstalk reducing
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resistant A549 nude

mouse xenograft

cisplatin resistance; p53 was
elevated by silencing of miR-

model 98-5p as response to EGCG
Cisplatin Human ovarian Cisplatin enhances the [182]
cancer OVCAR3, sensitivity of the ovarian cancer
SKOV3 cells and cells to cisplatin via CTR1,
human embryonic confirmed by in vivo studies
kidney HEK-293T
cells;
OVCARS3 ovarian
xenograft model in
nude mice
Gefitinib Oral squamous cell | Synergistic action on metastatic | [183]
carcinoma, CAL-27 | effect via EGFR, MMP-2 and
MAPK signalling
Greentea | Doxacetal | PC-3 xenograft EGCG leads to an enhanced [186]
and prostate tumours inhibition of PC-3 xenograft
quercetin tumor growth, activation of
apoptosis, Downregulation of
tumor growth factors (VEGF,
EGF, NGF-B, SCF, TNF-a)
Quercetin | Doxorubici | Triple negative Decrease the motility induced [45]
n breast cancer (MDA- | by doxorubicin; increased the
MB-231 and MDA- | anti-tumor activity of
MB-468) doxorubicin by inhibiting the
migratory ability of TNBC
cells, via modulation of -
catenin and its target genes
(cyclin D1 and c-Myc)
Genistein | Gemcitabin | Pancreatic cancer Synergistic reversal effect of [211]
e cells (AsPC-1 GR EMT induced by miR-223

and BxPC-3 GR),

nude mice

inhibitor and genistein in

pancreatic cancer models
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Soranifeb Hepatic cancer cells | Increased resistance to [139]
soranifeb, by activated P-gp and
MRP?2 at transcriptional and
transcriptional level
Daidzein Gemcitabin | Lung cancer cells Chemosensitizes the response to | [47]
e (A549 and H460 Gemcitabine via suppression of
cells) HSP70 expression, and an
increased cell death, via
caspase-3 and caspase-9
activation
Resveratro | Doxorubici | Breast cancer cells Chemosensitizes doxorubicin in | [212]
I n (MCF-7 and MDA- | combination, through inhibiting
MB-231 cell lines) breast cancer cells proliferation
and invasion, and inducing
apoptosis via suppression of
chronic inflammation and
autophagy.
Doxorubici | Human glioma cell GAS5, MEG3 and ST70OT1 are | [90]
n lines (U251 and up-regulated in leading to the
us7) activation of apoptosis
Doxorubici | Colorectal cancer Activating apoptosis and [184]
n cells (HCT 116 and | ameliorating P-glycoprotein
HT-29) activity
5- Colorectal cancer Chemosensitization to 5- [209]
Fluorouraci | cells fluorouracil through up-

(HCT116, SW480)
and their
corresponding
isogenic 5-FU-
chemoresistant
derived clones
(HCT116R,
SW480R)

regulation of intercellular

junctions, EMT and apoptosis
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Caffeic
acid
phenethyl

ester

Doxacetal
and

paclitaxel

Prostate cancer cells
(PC-3, DU-145 and
LNCaP)

CAPE-induced inhibition of
AKT phosphorylation was more
prominent in cells expressing
ER-a (PC-3) compared to
LNCaP. Increase
chemotherapeutic effects via
targeting ER-o and ER-3

abundance

[113]
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