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The epigenetic potentials of dietary polyphenols in prostate cancer
management1
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Abstract: Prostate cancer is a disease that is greatly affected by lifestyle, particularly diet, and is more prevalent in US and
European countries compared with South and East Asia. Among several known causes and risk factors, nutrition plays an
important role in prostate cancer pathogenesis. Various dietary components including polyphenols have been shown to possess
anticancer properties. Dietary polyphenols have been the subject of extensive studies for the last decade because of their
anticancer and chemopreventive potentials. Besides possessing various antitumor properties, dietary polyphenols also contrib-
ute to epigenetic changes associated with the fate of cancer cells and have emerged as potential drugs for therapeutic interven-
tion. Various polyphenols have been shown to affect DNA methylation, histone posttranslational modifications, and microRNA
expression patterns in prostate cancer. In this review, we discuss the contribution of dietary polyphenols to various epigenetic
modifications in prostate cancer. Since prostate cancer and diet are intimately associated, polyphenol-rich diets that epigeneti-
cally modify tumor biology have great significance in the prevention and management of prostate cancer.

Key words: prostate cancer, dietary polyphenols, chemoprevention, epigenetics, DNA methylation, histone modification,
microRNA, apoptosis, growth arrest.

Résumé : Le cancer de la prostate est une maladie grandement affectée par le style de vie, particulièrement la diète, et il est plus
fréquent aux États-Unis et dans les pays européens comparativement à l'Asie de sud et de l'est. Parmi les nombreuses causes et
facteurs de risques connus, la nutrition joue un rôle important dans la pathogenèse du cancer de la prostate. Plusieurs
composants de la diète dont les polyphénols se sont révélés posséder des propriétés anticancéreuses. Les polyphénols ali-
mentaires ont été l'objet d'études approfondies au cours de la dernière décennie à cause de leur potentiel anticancéreux et
chimio-préventif. En plus de posséder différentes propriétés anti-tumorales, les polyphénols alimentaires contribuent aussi aux
changements épigénétiques associés à la destinée des cellules cancéreuses, et ils sont apparus comme médicaments potentiels
en vue d'une intervention thérapeutique. On a montré que les polyphénols affectaient la méthylation de l'ADN, les modifications
post-traductionnelles des histones et les patrons d'expression des micro-ARN dans le cancer de la prostate. Dans cet article de
synthèse, nous discutons de la contribution des polyphénols alimentaires aux différentes modifications épigénétiques dans le
cancer de la prostate. Puisque le cancer de la prostate et la diète sont intimement liés, des diètes riches en polyphénols qui
modifient de manière épigénétique la biologie tumorale sont d'une grande importance dans la prévention et la gestion du cancer
de la prostate. [Traduit par la Rédaction]

Mots-clés : cancer de la prostate, polyphénols alimentaires, chimio-prévention, épigénétique, méthylation de l'ADN, modification
des histones, micro-ARN, apoptose, arrêt de la croissance.

Introduction
Phenolic compounds are found in a large variety of foods such

as berries, fruits, legumes, nuts, and vegetables, as well as bever-
ages such as teas, coffees, beers, and wines. They are secondary
metabolites, characterized by at least 1 aromatic ring bearing 1 or
more hydroxyl groups, and can be classified into 2 major groups:
flavonoids and nonflavonoids (see several important dietary
polyphenols in Fig. 1). Dietary polyphenols have great value for
their antioxidant properties and other biological activities, such
as those that impact the cell cycle and modulate signal transduc-
tion pathways (Han et al. 2007). They are also known to have
anticancer properties.

In recent years, epidemiological studies have clearly shown that
polyphenol-rich diets seemingly lower the incidence of various
cancers in certain populations (Chao et al. 2010; Kontou et al. 2011;
Iwasaki and Tsugane 2011; Pauwels 2011). The molecular mecha-
nisms that contribute to the chemopreventive nature of dietary
polyphenols have been widely studied, and multiple molecular
signaling pathways and gene targets have been identified (Fresco
et al. 2006; Narayanan 2006; Ramos 2008). Dietary polyphenols
have been shown to possess the ability to act on intracellular
signaling networks, to arrest or reverse the process of carcinogen-
esis, and to trigger apoptosis in cancer cells (Ramos 2007; Fresco
et al. 2010; Weng and Yen 2012). Recent studies have shown that
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dietary polyphenols have the potential to modulate epigenetic
alterations by acting on DNA methylation status, affecting his-
tone posttranslational modifications, and modulating microRNA
(miRNA) expression (Link et al. 2010; Huang et al. 2011) and are
very promising as chemopreventive and therapeutic agents
against various cancers (Syed et al. 2007; Khan et al. 2008). Since
epigenetic changes are reversible, modulation of epigenetic
events are clinically relevant and are excellent potential targets
for cancer prevention and therapy.

Epigenetic changes are a major driving force for the genesis and
development of various cancers, including prostate cancer. Since
prostate cancer is a relatively slow growing cancer and manifests

itself in older age, chemoprevention by using diet or dietary com-
ponents seems to be a more effective approach than postdiagnos-
tic chemotherapy treatments. In this review, we discuss the
epigenetic modifications by various dietary polyphenols and their
significance in prostate cancer management.

Epigenetic potentials of dietary polyphenols
There are 3 major epigenetic mechanisms that control gene

expression patterns as follows: DNA methylation, changes in
chromatin composition and conformation, and miRNA. Aberrant
DNA methylations, unusual patterns of histone modifications,

Fig. 1. Polyphenol families and structure of typical members known to have anticancer properties. Diferuloylmethane: curcumin, an
antiinflammatory agent found in turmeric (a major component of curry); flavonoids: epigallocatechin gallate (EGCG), an antioxidant
catechin found in green tea; tannins: plant secondary metabolites with antioxidant properties responsible for contributing to wine's
astringency. Gallotannin is a gallic acid polymer found in berries. Stilbenes: diphenylethylene compounds. Resveratrol (trans-3,5,
4=trihydroxystilbene) is an antioxidant found in the skin of red grapes. Phenolic acids: formed by the combination of a phenolic ring
with a carboxylic acid. Caffeic acid or 3-(3,4-dihydroxyphenyl)-2-propenoic acid is an antioxidant found in dry fruits. It is an
intermediate in the synthesis of lignin.
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and altered miRNA expression have been reported to play an
important role in prostate cancer (Abbas and Gupta 2008; Hoque
2009; Fendler et al. 2011; Jerónimo et al. 2011). Various dietary
polyphenols have great potential to selectively reactivate tumor
suppressor genes and repress oncogenes via epigenetic modifica-
tions.

Change in DNA methylation by dietary polyphenols
Methylation at CpG islands plays an important role in gene

silencing. Changes in DNA methylation patterns have been asso-
ciated with prostate cancer (Nelson et al. 2007; Hoque 2009).
Hypermethylation of various tumor suppressor genes has been
shown to lead to their silencing in prostate cancer. There is ample
evidence that dietary polyphenols can alter the DNA methylation
patterns in cancer and reactivate various genes (Yu and Wang
2008; Li and Tollefsbol 2010). In prostate cancer, epigallocatechin
gallate (EGCG) (Fang et al. 2003) and genistein (Fang et al. 2005)
reactivate the methylation-silenced retinoic acid receptor �
(RAR�) gene in the prostate cancer cell lines PC3 and LNCaP. B-cell
translocation gene 3 (BTG3) is a member of the antiproliferative
BTG/Tob gene family and its promoter region is highly methylated
in prostate cancer (Majid et al. 2010a). Majid et al. (2010a) showed
that genistein treatment leads to reexpression of the BTG3 gene
by demethylating its promoter region, decreasing DNA meth-
yltransferase (DNMT) enzymatic activity and methyl-CpG binding
domain protein 2 (MBD2) binding activity, and reducing expres-
sion of Dnmt1, Dnmt3A, and Dnmt3B in both LNCaP and PC3
cells. Genistein and daidzein both demethylate gluthathione
S-transferase P1 (GSTP1) and ephrin type-B receptor 2 (EPHB2) pro-
moter regions and enhance their expression in prostate cancer
cell lines (Vardi et al. 2010).

Pandey et al. (2010) reported that green tea polyphenol reacti-
vates GSTP1 by demethylating its promoter and regions distal to
the transcription factor binding sites in LNCaP cells. They showed
that green tea polyphenol inhibits DNMT enzymatic activity by
blocking the catalytic binding site, preventing cytosine binding,
and downregulating DNMT1 expression at both mRNA and pro-
tein levels in a dose- and time- dependent manner in LNCaP cells.
Green tea polyphenol also alters the expression patterns of MBD1,
MBD4, and methyl CpG binding protein 2 (MeCP2) in the LNCaP
prostate cancer cell line and decreases the occupancy of MBD2 on
the GSTP1 promoter region (Pandey et al. 2010). EGCG is a major
component of green tea polyphenol. EGCG inhibits DNMT enzy-
matic activity and triggers reexpression of GSTP1 in LNCaP cells
(Pandey et al. 2010). Henning et al. (2012) reported recently that
brewed green tea significantly inhibits DNMT1 mRNA and protein
expression levels in androgen-dependent human LAPC4 prostate
cancer cell xenografts.

Curcumin is a phenolic compound present in the popular In-
dian spice turmeric (Curcuma longa). Curcumin induces neuroge-
nin 1 (Neurog1) gene expression by partial demethylation of
various CpG islands at the promoter region in LNCaP cells (Shu
et al. 2011). In their recent study, Khor et al. (2011) showed that
curcumin demethylates CpG islands at the promoter region of
nuclear factor (erythroid-derived 2)-like 2 (NFE2L2) gene, reex-
pressing NFE2L2 (also known as Nrf2) in TRAMP-C1 cells. The
TRAMP-C1 cell line was derived from a heterogeneous 32-week
primary tumor in the prostate of TRAMP (transgenic adenocarci-
noma of the mouse prostate) mouse. TRAMP-C1 is tumorigenic
when grafted into syngeneic C57BL/6 hosts (Foster et al. 1997).
Curcumin was also shown to inhibit the activity of recombinant
CpG methyltransferase M.SssI in a cell-free condition, suggesting
that the demethylation of these CpG islands was due to inhibition
of DNMT activity as opposed to inhibition of DNMT expression
(Khor et al. 2011). The recombinant CpG methyltransferase M.SssI
enzyme has significant structural similarities with the DNMT1
catalytic domain and can methylate all cytosine residues within
the double-stranded dinucleotide (5=-CG-3=) recognition sequence.

Significant inhibition of CpG methyltransferase M.SssI activity by
curcumin in a cell-free medium indicates a direct physical inter-
action with the enzyme; however, further studies are needed to
understand the molecular interactions between curcumin and
different DNMTs.

A recent study by Hsu et al. (2011) indicated that sulforaphane
(SFN) reactivates cyclin D2 by demethylating a section of the
promoter region rich in Sp1 and c-Myc binding sites (CG-rich) in
LNCaP cells. They also showed that SFN causes global hypometh-
ylation and downregulation of DNMT1 and DNMT3b.

The ability to reactivate tumor suppressor genes by counteract-
ing the aberrant hypermethylation of their promoters, a phenom-
enon commonly associated with prostate cancer, makes dietary
polyphenols excellent candidates for clinical studies. This, com-
bined with their ability to inhibit the expression and activity of
DNMTs, give them enormous potential as chemopreventive
agents. The low toxicity of polyphenols and other dietary supple-
ments, like isothiocyanates, make them attractive candidates for
combination therapies. More studies that focus on combining
polyphenols with other dietary chemopreventive agents are
needed to unlock the full potential of these easily found, relatively
safe compounds.

Changes in chromatin composition and structure by
dietary polyphenols

Histone posttranslational modifications are involved in the re-
cruitment of various chromatin remodeling proteins, resulting in
enhanced or reduced accessibility of cis-acting sites to the tran-
scriptional machinery. These epigenetic events associated with
chromatin relaxation and compaction are very important in the
regulation of gene expression. Since aberrant patterns of histone
posttranslational modifications are an integral part of cancer
pathophysiology, therapeutic and (or) chemopreventive agents
having the potential to influence or alter regulation of these mod-
ifications can have a broad spectrum of antitumor effects. In re-
cent years, it has been shown that dietary polyphenols can affect
the dynamic changes in histone posttranslational modifications
in prostate cancer and, in doing so, can exhibit anticancer prop-
erties.

Apigenin, a plant flavone present in various fruits and vegeta-
bles, has shown promising chemopreventive effects in prostate
cancer (Shukla and Gupta 2010). Pandey et al. (2011) reported for
the first time that apigenin treatment can potentially affect chro-
matin structure by inhibiting class I HDACs (HDAC1, HDAC2,
HDAC3, and HDAC8) in both in vitro and in vivo prostate cancer
models. They also found that apigenin downregulates HDAC1 and
HDAC3 at both the transcriptional and translational level and
increases global H3 and H4 acetylation in highly metastatic PC3
and androgen receptor positive 22Rv1 prostate cancer cells. Fur-
thermore, apigenin increases histone acetylation of histone H3
over the promoter of p21/waf1, a cell cycle regulatory protein, and
increases its expression. In an in vivo study with PC3 xenograft in
athymic nude mice, apigenin intake caused a decrease in HDAC
enzymatic activity and HDAC1 and HDAC3 expression levels
(Pandey et al. 2011).

SFN inhibits HDAC enzymatic activity in PC3 xenografts and
increases global acetylation of histones H3 and H4 (Myzak et al.
2007). Clarke et al. (2011) showed that SFN exhibits a similar effect
in mouse prostate tissue. SFN inhibits HDAC enzymatic activity
and also significantly reduces various class-I and class-II (HDAC4
and HDAC6, respectively) HDAC expression levels in prostate can-
cer benign prostatic hyperplasia (BPH1; a benign hyperplastic
prostatic epithelial cell line), LNCaP, and PC3 cells. They further
reported that SFN treatment leads to increased acetylation of hi-
stone H3 lysines 9 and 14 over the p21 promoter, as well as the
nonhistone �-tubulin protein specifically in prostate cancer cell
lines. In contrast, SFN had no significant effect on normal prostate
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PrEC cells, indicating that SFN=s specificity makes it a good candi-
date for prostate cancer prevention and treatment.

Pandey et al. (2010) showed that green tea polyphenols inhibit
HDAC enzymatic activity, as well as alter the expression pattern of
HDAC1, HDAC2, and HDAC3 at both mRNA and protein levels in
LNCaP cells. They further showed that green tea polyphenol in-
creases the global H4 and H3K9/18 acetylation in a time-
dependent manner. This study provides a rationale for the
chemopreventive role of green tea polyphenol because of its epi-
genetic modifying potential at the level of both DNA methylation
and chromatin remodeling.

Genistein upregulates the tumor suppressor p21 and p16 genes
by affecting chromatin composition and structure in prostate can-
cer cells (Majid et al. 2008). The upregulation of both p21 and p16
is linked with an increase in histones H3 and H4 acetylation as
well as H3K4 dimethylation (H3K4me2) in LNCaP, DuPro (andro-
gen insensitive), and RWPE-1 cell lines. Furthermore, genistein
significantly increases the expression level of CREB binding pro-
tein (CREBBP), E1A binding protein p300 (EP300), P300/CBP-
associated factor (PCAF), and histone acetyltransferase 1 (HAT1)
genes at the transcriptional level in both LNCaP and DuPro cells
(Majid et al. 2008). Kikuno et al. (2008) showed that genistein can
also upregulate the tumor suppressor p53, forkhead box O3
(FOXO3a), and cylindromatosis (CYLD) genes by altering chroma-
tin. Genistein downregulates the expression of the protein deace-
tylase sirtuin 1 (SIRT1) in both LNCaP and PC3 cells and induces its
nuclear-to-cytoplasmic translocation). In LNCaP cells, genistein
reduces promoter occupancy of SIRT1 on the p53 and FOXO3a
promoter resulting in decreased H3K9 deacetylation. However, in
PC3 cells, reduced occupancy of SIRT1 on the FOXO3a promoter
with increased H3K9 acetylation and decreased H3K9 methylation
were observed (Kikuno et al. 2008). Interestingly, phosphatase and
tensin homolog (PTEN) and CYLD (a deubiquitylating enzyme as-
sociated with the turban tumor syndrome) promoters also
showed a genistein-induced increase in H3K9 acetylation and de-
creased H3K9 methylation in both LNCaP and PC3 cell lines, indi-
cating its ability to selectively induce the expression of various
tumor suppression genes in prostate cancer. Genistein modifies
the chromatin composition by increasing H3 and H4 acetylation
and H3K4 di- and trimethylation at the promoter region of BTG3,
also known as abundant in neuroepithelium area (ANA), a protein
that can interact with the chromatin remodeling protein chroma-
tin assembly factor 1 (CAF1) (Majid et al. 2010a). They also showed
that genistein increases the HAT enzymatic activity in both LNCaP
and PC3 cells (Majid et al. 2010a). Genistein also inhibits HDAC6
expression in LNCaP cells (Basak et al. 2008).

Curcumin is a well-known HAT inhibitor that selectively de-
grades CBP/p300 proteins and effectively blocks hyperacetylation
of histones in PC3M cells (Marcu et al. 2006). A recent study by
Shah et al. (2012) revealed that curcumin significantly reduces
histone H4 acetylation at the kallikrein-related peptidase
3/prostate-specific antigen (KLK3/PSA) and Ttansmembrane pro-
tease, serine 2 (TMPRSS2) enhancer regions in LNCaP, 22Rv1, and
androgen-insensitive C4-2 cell lines. CBP and p300 recruitment
was also decreased by curcumin treatment at the KLK3/PSA en-
hancer in LNCaP and C4-2 cells. Shu et al. (2011) showed that
curcumin alters the chromatin composition at the Neurog1 gene
by decreasing trimethyl H3K27 (H3K27me3) and diminishing
MeCP2 binding. Furthermore, curcumin decreases global
H3K27me3 levels, alters the expression levels of various HDACs,
increasing HDACs 1, 4, 5, and 8 while decreasing HDAC3 in LNCaP
cells. Curiously, despite an overall increase in HDAC expression,
overall HDAC activity was shown to be decreased by curcumin
treatment. Global histone H3 and H4 acetylation are increased by
curcumin in a dose-dependent manner in LNCaP cells (Shankar
and Srivastava 2007).

Phenethyl isothiocyanate significantly increases global H3 ace-
tylation and H3K4 mono/di/trimethylation and decreases H3K9

trimethylation in LNCaP cells. It also induces p21 expression by
acetylating its promoter region (Wang et al. 2008). Quercitin in-
creases HDAC enzymatic activity, leading to a significantly re-
duced H3 and slightly decreased H4 acetylation, leading to
inhibition of survivin (a member of inhibitor of apoptosis family)
gene expression that results in TRAIL-induced apoptosis in both
DU-145 and PC3 cells (Kim et al. 2008). Narayanan et al. (2003)
showed that resveratrol, a phenolic compound found in red wine,
induces p300/CBP expression in LNCaP cells.

The chromatin remodeling potential of dietary polyphenols is
yet another reason for their consideration as chemopreventive
agents. Polyphenols upregulate HAT activity, while simultane-
ously downregulating HDAC activity. They also downregulate
DNMT activity, leading to a global hypomethylation. The reestab-
lishment of these hallmarks of epigenetic activation leads to the
renewed expression of tumor suppressor genes commonly si-
lenced in prostate cancers. Curcumin's ability to downregulate
histone acetylation, and thus activation of certain oncogenes, as
well as prevent global DNA hypermethylation, demonstrates the
versatility and specificity of these dietary agents.

Change in miRNAs expression profile by dietary
polyphenols

miRNA silences the expression of various genes at the posttran-
scriptional level. Each miRNA has hundreds of targets and plays
an important role in cellular physiology. Alterations in miRNA
expression patterns are reported in various cancers including
prostate cancer (Catto et al. 2011; Kasinski and Slack 2011;
Lujambio and Lowe 2012). Cancer cells upregulate various miRNAs
that target tumor suppressor genes and downregulate miRNAs
that suppress oncogenes. Recent studies have indicated that di-
etary polyphenols alter the pattern of miRNA expression in pros-
tate cancer. These effects of polyphenols have great therapeutic
and chemopreventive value in prostate cancer management.

In a recent study, Siddiqui et al. (2011) showed that EGCG down-
regulates miR-21 and upregulates miR-330 in a xenograft model im-
planted with androgen-sensitive human prostate cancer CWR22Rnu1
cells. The miR-21 is oncogenic and promotes prostate cancer growth
(Ribas et al. 2009); however, miR-330 acts as a tumor suppressor and
induces apoptosis in prostate cancer (Lee et al. 2009).

Dhar et al. (2011) reported that resveratrol significantly down-
regulates 23 miRNAs (including several oncogenic miRNAs) and
up-regulates 28 miRNAs (including several tumor-suppressor
miRNAs) in LNCaP cells. This study indicates that resveratrol has the
potential to modulate thousands of genes via deregulation of several
miRNAs in prostate cancer. Although a lot of miRNA targets are not
yet validated in prostate cancer, future studies based on in vitro and
in vivo prostate cancer models will be helpful to understand the wide
range of antitumor effects of these polyphenols.

Genistein downregulates miR-221 and miR-222 in prostate can-
cer PC3 cells, resulting in upregulation of the tumor suppressor
ARHI gene (Chen et al. 2011). Genistein also upregulates miR-1296
leading to downregulation of its target minichromosome mainte-
nance complex component 2 (MCM2) (Majid et al. 2010b). The MCM
gene family is upregulated in various cancers and is involved in
DNA replication by forming MCM2–MCM7 helicase complex.
Rabiau et al. (2011) recently showed that genistein and daidzein
differentially deregulate miRNAs expression profiles in LNCaP,
PC3, and DU145 cell lines. They found that genistein and daidzein
both alter the expression of various miRNAs, including downregu-
lation of oncogenic miR-125b, miR-155, miR-211, miR-367a, and
miR-320, and upregulation of tumor-suppressor miR-15a. In a re-
cent study, Shi et al. (2011) demonstrated that miR-125b directly
targets proapoptotic p53, Bak1, and Puma genes and promotes
growth of prostatic xenograft tumors. Interestingly, miR-15a acts
as a tumor suppressor gene in prostate cancer and controls cell
proliferation, cell survival, and invasion (Bonci et al. 2008). An
alteration in miRNA profile by dietary polyphenols shows their
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Table 1. Epigenetic potentials of dietary polyphenols in prostate cancer.

S.
No.

Dietary polyphenols
(experimental doses) Epigenetic modifications Targets and mechanisms Fate of cancerous cells References

1. Apigenin (20–50 �mol/L) Histone modification Decreases HDAC enzymatic activity with downregulation
of HDAC1 and HDAC3 and increase in global H3 and H4
acetylation. Upregulation of p21 with increased
promoter H3 acetylation.

Cell cycle arrest,
apoptosis, and tumor
growth inhibition

Pandey et al. 2011

2. Curcumin (2.5–30 �mol/L) Histone acetylation and
DNA methylation

Reduces occupancy of CBP and p300 at KLK3/PS enhancer.
Decreases H4 acetylation at KLK3/PS and TMPRSS2
enhancer regions. Decreases HDAC enzymatic activity
and global H3K27me3 level. Decreases MeCP2 binding
at Neurog1 promoter and H3K27me3 level. Decreases
HAT activity and degradation of CBP/p300. Alteration of
various HDACs, DNMTs, and MBD2 expression pattern.
Demethylation and reactivation of Neurog1 and Nrf2
genes.

Growth inhibition and
apoptosis

Shah et al. 2012; Marcu et al. 2006;
Shu et al. 2011; Shankar and
Srivastava 2007; Khor et al. 2011

3. Daidzein (110 �mol/L) MicroRNA and DNA
methylation

Alteration in miRNAs expression. Demethylation and
reexpression of GSTP1 and EPHB2 genes.

Rabiau et al. 2011; Vardi et al. 2010

4. Epigallocatechin-3-gallate
(5–60 �mol/L)

DNA methylation and
microRNA deregulation

Inhibition of DNMT enzymatic activity and reactivation of
GSTP1. Downregulation of miR-21 and upregulation of
miR-330 in tumor xenograft model. DNA
demethylation and reactivation of RAR�.

Growth inhibition and
apoptosis

Pandey et al. 2010; Siddiqui et al.
2011; Fang et al. 2003

5. Genistein (1–50 �mol/L) DNA methylation, histone
posttranslational
modifications, and
microRNA deregulation

Upregulation of BTG3 gene by promoter demethylation,
increase in global H3 and H4 acetylation and H3K4
di- and trimethylation. Decreases enzymatic activity of
DNMT and MBD2 and increases HAT enzymatic activity.
Demethylation and reexpression of GSTP1 and EPHB2
genes. Demethylation and acetylation of H3K9 at PTEN
and CYLD promoters and H3K9 acetylation at p53 and
FOXO3a promoters. Increases acetyl-H3 and -H4 and
H3-dimethyl-K3 at p21 and p16 promoter regions.
Downregulation of SIRT1 and HDAC6 expression, and
nuclear to cytosolic localization of SIRT. Alteration in
various miRNAs expression patterns. Restores tumor
suppressor ARHI gene by downregulating miR-221 and
miR-222 levels. Upregulation of miR-1296 leads to
downregulation of MCM2 gene.

Inhibition of proliferation,
colony formation, and
invasion; Apoptosis and
cell cycle arrest

Majid et al. 2010a; Kikuno et al.
2008; Chen et al. 2011; Majid
et al. 2008, 2010b; Basak et al.
2008; Rabiau et al. 2011; Vardi
et al. 2010

6. Green tea polyphenol
(5–25 �mol/L)

DNA methylation and
chromatin remodeling

Inhibition of DNMT enzymatic activity and expression,
demethylation of GSTP1 promoter, and alteration in
MBD1, MBD4 and MeCP2 expression. Inhibition of
HDAC activity and downregulation of HDAC1, 2, and 3
levels, increase in global H3 and H4 acetylation
including K9/18 H3 acetylation. Class-I HDAC
proteosomal degradation.

Cell cycle arrest and
apoptosis

Pandey et al. 2010; Thakur et al.
2012

7. Phenethyl isothiocyanate
(0.5–10 �mol/L)

Histone modification Increases global acetyl-H3 and methyl-H3K4, and
decreases in methyl-H3K9. Increases H3 acetylation at
p21 promoter.

Cell cycle arrest Wang et al. 2008

8. Quercetin (10–200 �mol/L) Histone acetylation Increases HDAC enzymatic activity that causes decreasesd
H3 acetylation and survivin gene repression.

Synergetic apoptosis with
TRAIL

Kim et al. 2008
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wide-spectrum epigenetic remodeling potentials. Because miR-
NAs have several hundred targets, much more study is needed to
really understand the true potential of this facet of epigenetic
regulation and how it can be manipulated with dietary agents.

Conclusions and future perspective
Epigenetic mechanisms are involved in the silencing of various

tumor suppressor genes and activation of several oncogenes in
prostate cancer. Highly complex but well-coordinated epigenetic
events, along with activation/deactivation of various signaling
pathways, are involved in the development of prostate cancer and
finally metastasis into different organs. Since prostate cancer is
slow growing and manifests in a later stage of life, chemopreven-
tion using suitable dietary polyphenols or in combination with
other dietary agents seem to be more helpful in prostate cancer
management. Recent studies have indicated that dietary polyphe-
nols are very good epigenetic modulators and act on different
epigenetic levels including DNA methylation, chromatin struc-
ture, and miRNA. Another property that makes them very unique
is that they have very little or no toxicity for the normal cells.
Based on the available data, dietary polyphenols with their epige-
netic remodeling properties seem to be emerging as future epige-
netic drugs for prostate cancer chemoprevention and therapy.
However, additional clinical trials are required to further explore
the potential usefulness of these dietary polyphenols. Various di-
etary agents, which are discussed in this review, such as green tea
polyphenols, SFN, genistein, and quercetin, are in various stages
of prostate cancer clinical trials. The results of these studies will
provide more insights in their therapeutic and chemopreventive
potentials. However, to optimize therapeutic efficiency, various
parameters, such as optimal dose, route of administration, opti-
mal period, bioavailability, toxicity, as well as a single or combi-
natorial approach will have to be determined. It is important to
point out that the vast majority of these compounds have been
tested as purified substances at concentrations that would be
achievable through daily use of their product of origin (e.g., a
15 �mol/L SFN dose is obtained by consumption of about 100 g of
broccoli sprouts).

Epigenetic drug development is a new field of research with
very high potential (Perry et al. 2010). With the advancements in
the field of cancer diagnosis and biomarker research, early detec-
tion of tumors and risk assessments are much easier than ever
before. In the light of these developments, use of dietary agents
and dietary polyphenols in particular has great promise in pros-
tate cancer therapeutics and chemoprevention. A lot of research
is still needed to understand the molecular basis of the epigenetic
changes caused by these polyphenols. To date, we have a very
limited understanding and most of the data are just indicative
rather than mechanistic and descriptive in this new field. Future
mechanistic studies as well as combinatorial studies using differ-
ent combinations of various polyphenols will be more helpful in
the development of a new line of epigenetic drugs. In the future,
these chemopreventive and therapeutic epigenetic drugs might
be able to replace current chemo and radiotherapies that have
much more adverse and painful effects for the patients. Table 1

Acknowledgements
The work was supported in part by the WV EPSCoR Grant

EPS08-05 and NIH COBRE grant 5P20RR-020180.

References
Abbas, A., and Gupta, S. 2008. The role of histone deacetylases in prostate cancer.

Epigenetics, 3(6): 300–309. doi:10.4161/epi.3.6.7273. PMID:19029799.
Basak, S., Pookot, D., Noonan, E.J., and Dahiya, R. 2008. Genistein down-

regulates androgen receptor by modulating HDAC6-Hsp90 chaperone func-
tion. Mol. Cancer. Ther. 7(10): 3195–3202. doi:10.1158/1535-7163.MCT-08-0617.
PMID:18852123.

Bonci, D., Coppola, V., Musumeci, M., Addario, A., Giuffrida, R., Memeo, L., et al.
2008. The miR-15a-miR-16-1 cluster controls prostate cancer by targetingT

ab
le

1
(c

on
cl

ud
ed

).

S. N
o.

D
ie

ta
ry

p
ol

yp
h

en
ol

s
(e

xp
er

im
en

ta
ld

os
es

)
Ep

ig
en

et
ic

m
od

ifi
ca

ti
on

s
Ta

rg
et

s
an

d
m

ec
h

an
is

m
s

Fa
te

of
ca

n
ce

ro
u

s
ce

ll
s

R
ef

er
en

ce
s

9.
R

es
ve

ra
tr

ol
(1

–1
00

�
m

ol
/L

)
C

h
ro

m
at

in
re

m
od

el
in

g
an

d
m

ic
ro

R
N

A
de

re
gu

la
ti

on

D
es

ta
bi

li
za

ti
on

of
th

e
M

TA
1/

H
D

A
C

1/
p

53
co

m
p

le
xe

s.
U

p
re

gu
la

ti
on

of
28

tu
m

or
su

p
p

re
ss

or
m

iR
N

A
s

an
d

do
w

n
re

gu
la

ti
on

of
23

on
co

ge
n

ic
m

iR
N

A
s.

A
p

op
to

si
s

K
ai

et
al

.2
01

0;
D

h
ar

et
al

.2
01

1

10
.

Su
lf

or
ap

h
an

e
(5

–3
0

�
m

ol
/L

)
D

N
A

m
et

h
yl

at
io

n
an

d
h

is
to

n
e

ac
et

yl
at

io
n

R
ea

ct
iv

at
io

n
of

cy
cl

in
D

2
by

p
ro

m
ot

er
de

m
et

h
yl

at
io

n
an

d
do

w
n

re
gu

la
ti

on
of

D
N

M
Ts

.I
n

h
ib

it
io

n
of

H
D

A
C

en
zy

m
at

ic
ac

ti
vi

ty
an

d
do

w
n

re
gu

la
ti

on
of

va
ri

ou
s

cl
as

s-
I

an
d

cl
as

s-
II

H
D

A
C

ge
n

es
.I

n
cr

ea
se

s
p

21
p

ro
m

ot
er

H
3

ac
et

yl
at

io
n

an
d

ov
er

ex
p

re
ss

io
n

of
p

21
p

ro
te

in
.

In
h

ib
it

io
n

of
H

D
A

C
en

zy
m

at
ic

ac
ti

vi
ty

an
d

in
cr

ea
se

s
gl

ob
al

H
3

an
d

H
4

ac
et

yl
at

io
n

in
vi

vo
.

G
ro

w
th

in
h

ib
it

io
n

,c
el

l
cy

cl
e

ar
re

st
,a

n
d

ap
op

to
si

s

H
su

et
al

.2
01

1;
C

la
rk

e
et

al
.2

01
1;

M
yz

ak
et

al
.2

00
7

366 Biochem. Cell Biol. Vol. 91, 2013

Published by NRC Research Press

B
io

ch
em

. C
el

l B
io

l. 
D

ow
nl

oa
de

d 
fr

om
 w

w
w

.n
rc

re
se

ar
ch

pr
es

s.
co

m
 b

y 
U

ni
ve

rs
ité

 d
e 

Sh
er

br
oo

ke
 o

n 
06

/2
2/

14
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 

http://dx.doi.org/10.4161/epi.3.6.7273
http://www.ncbi.nlm.nih.gov/pubmed/19029799
http://dx.doi.org/10.1158/1535-7163.MCT-08-0617
http://www.ncbi.nlm.nih.gov/pubmed/18852123


multiple oncogenic activities. Nat. Med. 14(11): 1271–1277. doi:10.1038/nm.
1880. PMID:18931683.

Catto, J.W., Alcaraz, A., Bjartell, A.S., De Vere White, R., Evans, C.P., Fussel, S.,
et al. 2011. MicroRNA in prostate, bladder, and kidney cancer: a systematic
review. Eur. Urol. 59(5): 671–681. doi:10.1016/j.eururo.2011.01.044. PMID:
21296484.

Chao, C., Haque, R., Van Den Eeden, S.K., Caan, B.J., Poon, K.Y., and Quinn, V.P.
2010. Red wine consumption and risk of prostate cancer: the California men's
health study. Int. J. Cancer. 126(1): 171–179. doi:10.1002/ijc.24637. PMID:
19521962.

Chen, Y., Zaman, M.S., Deng, G., Majid, S., Saini, S., Liu, J., et al. 2011. MicroRNAs
221/222 and Genistein-mediated regulation of ARHI tumor suppressor gene
in prostate cancer. Cancer Prev. Res. (Phila.). 4(1): 76–86. doi:10.1158/1940-6207.
CAPR-10-0167. PMID:21071579.

Clarke, J.D., Hsu, A., Yu, Z., Dashwood, R.H., and Ho, E. 2011. Differential effects
of Sulforaphane on histone deacetylases, cell cycle arrest and apoptosis in
normal prostate cells versus hyperplastic and cancerous prostate cells. Mol.
Nutr. Food. Res. 55(7): 999–1009. doi:10.1002/mnfr.201000547. PMID:
21374800.

Dhar, S., Hicks, C., and Levenson, A.S. 2011. Resveratrol and prostate cancer:
promising role for microRNAs. Mol. Nutr. Food. Res. 55(8): 1219–1229. doi:10.
1002/mnfr.201100141. PMID:21714127.

Fang, M.Z., Wang, Y., Ai, N., Hou, Z., Sun, Y., Lu, H., et al. 2003. Tea polyphenol
(-)-epigallocatechin-3-gallate inhibits DNA methyltransferase and reactivates
methylation-silenced genes in cancer cell lines. Cancer Res. 63(22): 7563–
7570. PMID:14633667.

Fang, M.Z., Chen, D., Sun, Y., Jin, Z., Christman, J.K., and Yang, C.S. 2005. Rever-
sal of hypermethylation and reactivation of p16INK4a, RARbeta, and MGMT
genes by Genistein and other isoflavones from soy. Clin. Cancer Res. 11(19):
7033–7041. PMID:16203797.

Fendler, A., Stephan, C., Yousef, G.M., and Jung, K. 2011. MicroRNAs as regulators
of signal transduction in urological tumors. Clin. Chem. 57(7): 954–968. doi:
10.1373/clinchem.2010.157727. PMID:21632885.

Foster, B.A., Gingrich, J.R., Kwon, E.D., Madias, C., and Greenberg, N.M. 1997.
Characterization of prostatic epithelial cell lines derived from transgenic
adenocarcinoma of the mouse prostate (TRAMP) model. Cancer Res. 57(16):
3325–3330. PMID:9269988.

Fresco, P., Borges, F., Diniz, C., and Marques, M.P. 2006. New insights on the
anticancer properties of dietary polyphenols. Med. Res. Rev. 26(6): 747–766.
doi:10.1002/med.20060. PMID:16710860.

Fresco, P., Borges, F., Marques, M.P., and Diniz, C. 2010. The anticancer proper-
ties of dietary polyphenols and its relation with apoptosis. Curr. Pharm. Des.
16(1): 114–134. doi:10.2174/138161210789941856. PMID:20214622.

Henning, S.M., Wang, P., Said, J., Magyar, C., Castor, B., Doan, N., et al. 2012.
Polyphenols in brewed green tea inhibit prostate tumor xenograft growth by
localizing to the tumor and decreasing oxidative stress and angiogenesis.
J. Nutr. Biochem. doi:10.1016/j.jnutbio.2011.10.007. PMID:22405694.

Hoque, M.O. 2009. DNA methylation changes in prostate cancer: current devel-
opments and future clinical implementation. Expert Rev. Mol. Diagn. 9(3):
243–257. doi:10.1586/erm.09.10. PMID:19379083.

Hsu, A., Wong, C.P., Yu, Z., Williams, D.E., Dashwood, R.H., and Ho, E. 2011.
Promoter de-methylation of cyclin D2 by Sulforaphane in prostate cancer
cells. Clin. Epigenetics, 3(1): 3. doi:10.1186/1868-7083-3-3. PMID:22303414.

Huang, J., Plass, C., and Gerhauser, C. 2011. Cancer chemoprevention by target-
ing the epigenome. Curr. Drug Targets, 12(13): 1925–1956. doi:10.2174/
138945011798184155. PMID:21158707.

Iwasaki, M., and Tsugane, S. 2011. Risk factors for breast cancer: epidemiological
evidence from Japanese studies. Cancer Sci. 102(9): 1607–1614. doi:10.1111/j.
1349-7006.2011.01996.x. PMID:21624009.

Jerónimo, C., Bastian, P.J., Bjartell, A., Carbone, G.M., Catto, J.W., Clark, S.J., et al.
2011. Epigenetics in prostate cancer: biologic and clinical relevance. Eur.
Urol. 60(4): 753–766. doi:10.1016/j.eururo.2011.06.035. PMID:21719191.

Kai, L., Samuel, S.K., and Levenson, A.S. 2010. Resveratrol enhances p53 ace-
tylation and apoptosis in prostate cancer by inhibiting MTA1/NuRD complex.
Int. J. Cancer, 126(7): 1538–1548. doi:10.1002/ijc.24928. PMID:19810103.

Kasinski, A.L., and Slack, F.J. 2011. Epigenetics and genetics. MicroRNAs en route
to the clinic: progress in validating and targeting microRNAs for cancer
therapy. Nat. Rev. Cancer, 11(12): 849–864. doi:10.1038/nrc3166. PMID:
22113163.

Khan, N., Afaq, F., and Mukhtar, H. 2008. Cancer chemoprevention through
dietary antioxidants: progress and promise. Antioxid. Redox Signal. 10(3):
475–510. doi:10.1089/ars.2007.1740. PMID:18154485.

Khor, T.O., Huang, Y., Wu, T.Y., Shu, L., Lee, J., Kong,A. N. 2011. Pharmacodynam-
ics of Curcumin as DNA hypomethylation agent in restoring the expression
of Nrf2 via promoter CpGs demethylation. Biochem. Pharmacol. 82(9): 1073–
1078. doi:10.1016/j.bcp.2011.07.065. PMID:21787756.

Kikuno, N., Shiina, H., Urakami, S., Kawamoto, K., Hirata, H., Tanaka, Y., et al.
2008. Genistein mediated histone acetylation and demethylation activates
tumor suppressor genes in prostate cancer cells. Int. J. Cancer. 123(3): 552–
560. doi:10.1002/ijc.23590. PMID:18431742.

Kim, Y.H., Lee, D.H., Jeong, J.H., Guo, Z.S., and Lee, Y.J. 2008. Quercetin augments
TRAIL-induced apoptotic death: involvement of the ERK signal transduction

pathway. Biochem. Pharmacol. 75(10): 1946–1958. doi:10.1016/j.bcp.2008.02.
016. PMID:18377872.

Kontou, N., Psaltopoulou, T., Panagiotakos, D., Dimopoulos, M.A., and Linos, A.
2011. The mediterranean diet in cancer prevention: a review. J. Med. Food.
14(10): 1065–1078. doi:10.1089/jmf.2010.0244. PMID:21663480.

Lee, K.H., Chen, Y.L., Yeh, S.D., Hsiao, M., Lin, J.T., Goan, Y.G., and Lu, P.J. 2009.
MicroRNA-330 acts as tumor suppressor and induces apoptosis of prostate
cancer cells through E2F1-mediated suppression of Akt phosphorylation. On-
cogene, 28(38): 3360–3370. doi:10.1038/onc.2009.192. PMID:19597470.

Li, Y., and Tollefsbol, T.O. 2010. Impact on DNA methylation in cancer preven-
tion and therapy by bioactive dietary components. Curr. Med. Chem. 17(20):
2141–2151. doi:10.2174/092986710791299966. PMID:20423306.

Link, A., Balaguer, F., and Goel, A. 2010. Cancer Chemoprevention by Dietary
Polyphenols: Promising Role for Epigenetics. Biochem. Pharmacol. 80(12):
1771–1792. doi:10.1016/j.bcp.2010.06.036. PMID:20599773.

Lujambio, A., and Lowe, S.W. 2012. The microcosmos of cancer. Nature,
482(7385): 347–355. doi:10.1038/nature10888. PMID:22337054.

Majid, S., Kikuno, N., Nelles, J., Noonan, E., Tanaka, Y., Kawamoto, K., et al. 2008.
Genistein induces the p21WAF1/CIP1 and p16INK4a tumor suppressor genes
in prostate cancer cells by epigenetic mechanisms involving active chroma-
tin modification. Cancer Res. 68(8): 2736–2744. doi:10.1158/0008-5472.CAN-
07-2290. PMID:18413741.

Majid, S., Dar, A.A., Shahryari, V., Hirata, H., Ahmad, A., Saini, S., et al. 2010a.
Genistein reverses hypermethylation and induces active histone modifica-
tions in tumor suppressor gene B-Cell translocation gene 3 in prostate can-
cer. Cancer, 116(1): 66–76. doi:10.1002/cncr.24662. PMID:19885928.

Majid, S., Dar, A.A., Saini, S., Chen, Y., Shahryari, V., Liu, J., et al. 2010b. Regula-
tion of minichromosome maintenance gene family by microRNA-1296 and
Genistein in prostate cancer. Cancer Res. 70(7): 2809–2818. doi:10.1158/0008-
5472.CAN-09-4176. PMID:20332239.

Marcu, M.G., Jung, Y.J., Lee, S., Chung, E.J., Lee, M.J., Trepel, J., and Neckers, L.
2006. Curcumin is an inhibitor of p300 histone acetylatransferase. Med.
Chem. 2(2): 169–174. doi:10.2174/157340606776056133. PMID:16787365.

Myzak, M.C., Tong, P., Dashwood, W.M., Dashwood, R.H., and Ho, E. 2007. Sul-
foraphane retards the growth of human PC-3 xenografts and inhibits HDAC
activity in human subjects. Exp. Biol. Med. (Maywood), 232(2): 227–234. PMID:
17259330.

Narayanan, B.A. 2006. Chemopreventive agents alters global gene expression
pattern: predicting their mode of action and targets. Curr. Cancer Drug
Targets, 6(8): 711–727. doi:10.2174/156800906779010218. PMID:17168675.

Narayanan, B.A., Narayanan, N.K., Re, G.G., and Nixon, D.W. 2003. Differential
expression of genes induced by Resveratrol in LNCaP cells: P53-mediated
molecular targets. Int. J. Cancer, 104(2): 204–212. doi:10.1002/ijc.10932. PMID:
12569576.

Nelson, W.G., Yegnasubramanian, S., Agoston, A.T., Bastian, P.J., Lee, B.H.,
Nakayama, M., and DeMarzo, A.M. 2007. Abnormal DNA methylation, epige-
netics, and prostate cancer. Front. Biosci. 12: 4254–4266. doi:10.2741/2385.
PMID:17485372.

Pandey, M., Shukla, S., and Gupta, S. 2010. Promoter demethylation and chro-
matin remodeling by Green Tea Polyphenols leads to re-expression of GSTP1
in human prostate cancer cells. Int. J. Cancer, 126(11): 2520–2533. doi:10.1002/
ijc.24988. PMID:19856314.

Pandey, M., Kaur, P., Shukla, S., Abbas, A., Fu, P., and Gupta, S. 2011. Plant flavone
Apigenin inhibits HDAC and remodels chromatin to induce growth arrest
and apoptosis in human prostate cancer cells: In vitro and in vivo study. Mol.
Carcinog. doi:10.1002/mc.20866. PMID:22006862.

Pauwels, E.K. 2011. The protective effect of the Mediterranean diet: focus on
cancer and cardiovascular risk. Med. Princ. Pract. 20(2): 103–111. doi:10.1159/
000321197. PMID:21252562.

Perry, A.S., Watson, R.W., Lawler, M., and Hollywood, D. 2010. The epigenome as
a therapeutic target in prostate cancer. Nat. Rev. Urol. 7(12): 668–680. doi:10.
1038/nrurol.2010.185. PMID:21060342.

Rabiau, N., Trraf, H.K., Adjakly, M., Bosviel, R., Guy, L., Fontana, L.J., et al. 2011.
miRNAs differentially expressed in prostate cancer cell lines after soy treat-
ment. In Vivo, 25(6): 917–921. PMID:22021684.

Ramos, S. 2007. Effects of dietary flavonoids on apoptotic pathways related to
cancer chemoprevention. J. Nutr. Biochem. 18(7): 427–442. doi:10.1016/
j.jnutbio.2006.11.004. PMID:17321735.

Ramos, S. 2008. Cancer chemoprevention and chemotherapy: dietary polyphe-
nols and signalling pathways. Mol. Nutr. Food Res. 52(5): 507–526. doi:10.1002/
mnfr.200700326. PMID:18435439.

Ribas, J., Ni, X., Haffner, M., Wentzel, E.A., Salmasi, A.H., Chowdhury, W.H., et al.
2009. miR-21: an androgen receptor-regulated microRNA that promotes
hormone-dependent and hormone-independent prostate cancer growth.
Cancer Res. 69(18): 7165–7169. doi:10.1158/0008-5472.CAN-09-1448. PMID:
19738047.

Shah, S., Prasad, S., and Knudsen, K.E. 2012. Targeting pioneering factor and
hormone receptor cooperative pathways to suppress tumor progression.
Cancer Res. 72(5): 1248–1259. doi:10.1158/0008-5472.CAN-11-0943, 10.1158/1538-
7445.AM2012-1248. PMID:22258452.

Shankar, S., and Srivastava, R.K. 2007. Involvement of Bcl-2 family members,
phosphatidylinositol 3=-kinase/AKT and mitochondrial p53 in Curcumin

Abbas et al. 367

Published by NRC Research Press

B
io

ch
em

. C
el

l B
io

l. 
D

ow
nl

oa
de

d 
fr

om
 w

w
w

.n
rc

re
se

ar
ch

pr
es

s.
co

m
 b

y 
U

ni
ve

rs
ité

 d
e 

Sh
er

br
oo

ke
 o

n 
06

/2
2/

14
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 

http://dx.doi.org/10.1038/nm.1880
http://dx.doi.org/10.1038/nm.1880
http://www.ncbi.nlm.nih.gov/pubmed/18931683
http://dx.doi.org/10.1016/j.eururo.2011.01.044
http://www.ncbi.nlm.nih.gov/pubmed/21296484
http://dx.doi.org/10.1002/ijc.24637
http://www.ncbi.nlm.nih.gov/pubmed/19521962
http://dx.doi.org/10.1158/1940-6207.CAPR-10-0167
http://dx.doi.org/10.1158/1940-6207.CAPR-10-0167
http://www.ncbi.nlm.nih.gov/pubmed/21071579
http://dx.doi.org/10.1002/mnfr.201000547
http://www.ncbi.nlm.nih.gov/pubmed/21374800
http://dx.doi.org/10.1002/mnfr.201100141
http://dx.doi.org/10.1002/mnfr.201100141
http://www.ncbi.nlm.nih.gov/pubmed/21714127
http://www.ncbi.nlm.nih.gov/pubmed/14633667
http://www.ncbi.nlm.nih.gov/pubmed/16203797
http://dx.doi.org/10.1373/clinchem.2010.157727
http://www.ncbi.nlm.nih.gov/pubmed/21632885
http://www.ncbi.nlm.nih.gov/pubmed/9269988
http://dx.doi.org/10.1002/med.20060
http://www.ncbi.nlm.nih.gov/pubmed/16710860
http://dx.doi.org/10.2174/138161210789941856
http://www.ncbi.nlm.nih.gov/pubmed/20214622
http://dx.doi.org/10.1016/j.jnutbio.2011.10.007
http://www.ncbi.nlm.nih.gov/pubmed/22405694
http://dx.doi.org/10.1586/erm.09.10
http://www.ncbi.nlm.nih.gov/pubmed/19379083
http://dx.doi.org/10.1186/1868-7083-3-3
http://www.ncbi.nlm.nih.gov/pubmed/22303414
http://dx.doi.org/10.2174/138945011798184155
http://dx.doi.org/10.2174/138945011798184155
http://www.ncbi.nlm.nih.gov/pubmed/21158707
http://dx.doi.org/10.1111/j.1349-7006.2011.01996.x
http://dx.doi.org/10.1111/j.1349-7006.2011.01996.x
http://www.ncbi.nlm.nih.gov/pubmed/21624009
http://dx.doi.org/10.1016/j.eururo.2011.06.035
http://www.ncbi.nlm.nih.gov/pubmed/21719191
http://dx.doi.org/10.1002/ijc.24928
http://www.ncbi.nlm.nih.gov/pubmed/19810103
http://dx.doi.org/10.1038/nrc3166
http://www.ncbi.nlm.nih.gov/pubmed/22113163
http://dx.doi.org/10.1089/ars.2007.1740
http://www.ncbi.nlm.nih.gov/pubmed/18154485
http://dx.doi.org/10.1016/j.bcp.2011.07.065
http://www.ncbi.nlm.nih.gov/pubmed/21787756
http://dx.doi.org/10.1002/ijc.23590
http://www.ncbi.nlm.nih.gov/pubmed/18431742
http://dx.doi.org/10.1016/j.bcp.2008.02.016
http://dx.doi.org/10.1016/j.bcp.2008.02.016
http://www.ncbi.nlm.nih.gov/pubmed/18377872
http://dx.doi.org/10.1089/jmf.2010.0244
http://www.ncbi.nlm.nih.gov/pubmed/21663480
http://dx.doi.org/10.1038/onc.2009.192
http://www.ncbi.nlm.nih.gov/pubmed/19597470
http://dx.doi.org/10.2174/092986710791299966
http://www.ncbi.nlm.nih.gov/pubmed/20423306
http://dx.doi.org/10.1016/j.bcp.2010.06.036
http://www.ncbi.nlm.nih.gov/pubmed/20599773
http://dx.doi.org/10.1038/nature10888
http://www.ncbi.nlm.nih.gov/pubmed/22337054
http://dx.doi.org/10.1158/0008-5472.CAN-07-2290
http://dx.doi.org/10.1158/0008-5472.CAN-07-2290
http://www.ncbi.nlm.nih.gov/pubmed/18413741
http://dx.doi.org/10.1002/cncr.24662
http://www.ncbi.nlm.nih.gov/pubmed/19885928
http://dx.doi.org/10.1158/0008-5472.CAN-09-4176
http://dx.doi.org/10.1158/0008-5472.CAN-09-4176
http://www.ncbi.nlm.nih.gov/pubmed/20332239
http://dx.doi.org/10.2174/157340606776056133
http://www.ncbi.nlm.nih.gov/pubmed/16787365
http://www.ncbi.nlm.nih.gov/pubmed/17259330
http://dx.doi.org/10.2174/156800906779010218
http://www.ncbi.nlm.nih.gov/pubmed/17168675
http://dx.doi.org/10.1002/ijc.10932
http://www.ncbi.nlm.nih.gov/pubmed/12569576
http://dx.doi.org/10.2741/2385
http://www.ncbi.nlm.nih.gov/pubmed/17485372
http://dx.doi.org/10.1002/ijc.24988
http://dx.doi.org/10.1002/ijc.24988
http://www.ncbi.nlm.nih.gov/pubmed/19856314
http://dx.doi.org/10.1002/mc.20866
http://www.ncbi.nlm.nih.gov/pubmed/22006862
http://dx.doi.org/10.1159/000321197
http://dx.doi.org/10.1159/000321197
http://www.ncbi.nlm.nih.gov/pubmed/21252562
http://dx.doi.org/10.1038/nrurol.2010.185
http://dx.doi.org/10.1038/nrurol.2010.185
http://www.ncbi.nlm.nih.gov/pubmed/21060342
http://www.ncbi.nlm.nih.gov/pubmed/22021684
http://dx.doi.org/10.1016/j.jnutbio.2006.11.004
http://dx.doi.org/10.1016/j.jnutbio.2006.11.004
http://www.ncbi.nlm.nih.gov/pubmed/17321735
http://dx.doi.org/10.1002/mnfr.200700326
http://dx.doi.org/10.1002/mnfr.200700326
http://www.ncbi.nlm.nih.gov/pubmed/18435439
http://dx.doi.org/10.1158/0008-5472.CAN-09-1448
http://www.ncbi.nlm.nih.gov/pubmed/19738047
http://dx.doi.org/10.1158/0008-5472.CAN-11-0943, 10.1158/1538-7445.AM2012-1248
http://dx.doi.org/10.1158/0008-5472.CAN-11-0943, 10.1158/1538-7445.AM2012-1248
http://www.ncbi.nlm.nih.gov/pubmed/22258452


(diferulolylmethane)-induced apoptosis in prostate cancer. Int. J. Oncol.
30(4): 905–918. PMID:17332930.

Shi, X.B., Xue, L., Ma, A.H., Tepper, C.G., Kung, H.J., and White, R.W. 2011.
miR-125b promotes growth of prostate cancer xenograft tumor through tar-
geting pro-apoptotic genes. Prostate, 71(5): 538–549. doi:10.1002/pros.21270.
PMID:20886540.

Shu, L., Khor, T.O., Lee, J.H., Boyanapalli, S.S., Huang, Y., Wu, T.Y., et al. 2011.
Epigenetic CpG demethylation of the promoter and reactivation of the ex-
pression of Neurog1 by Curcumin in prostate LNCaP cells. AAPS J. 13(4):
606–614. doi:10.1208/s12248-011-9300-y. PMID:21938566.

Shukla, S., and Gupta, S. 2010. Apigenin: a promising molecule for cancer pre-
vention. Pharm. Res. 27(6): 962–978. doi:10.1007/s11095-010-0089-7. PMID:
20306120.

Siddiqui, I.A., Asim, M., Hafeez, B.B., Adhami, V.M., Tarapore, R.S., and
Mukhtar, H. 2011. Green Tea Polyphenol EGCG blunts androgen receptor
function in prostate cancer. FASEB J. 25(4): 1198–1207. doi:10.1096/fj.10-
167924. PMID:21177307.

Syed, D.N., Khan, N., Afaq, F., and Mukhtar, H. 2007. Chemoprevention of pros-
tate cancer through dietary agents: progress and promise. Cancer Epidemiol.

Biomarkers Prev. 16(11): 2193–2203. doi:10.1158/1055-9965.EPI-06-0942. PMID:
18006906.

Thakur, V.S., Gupta, K., and Gupta, S. 2012. Green Tea Polyphenols causes cell
cycle arrest and apoptosis in prostate cancer cells by suppressing class I
histone deacetylases. Carcinogenesis. 33(2): 377–384. doi:10.1093/carcin/
bgr277. PMID:22114073.

Vardi, A., Bosviel, R., Rabiau, N., Adjakly, M., Satih, S., Dechelotte, P., et al. 2010.
Soy phytoestrogens modify DNA methylation of GSTP1, RASSF1A, EPH2 and
BRCA1 promoter in prostate cancer cells. In Vivo, 24(4): 393–400. PMID:
20668305.

Wang, L.G., Liu, X.M., Fang, Y., Dai, W., Chiao, F.B., Puccio, G.M., et al. 2008.
De-repression of the p21 promoter in prostate cancer cells by an
isothiocyanate via inhibition of HDACs and c-Myc. Int. J. Oncol. 33(2): 375–
380. doi:10.3892/ijo_00000018. PMID:18636159.

Weng, C.J., and Yen, G.C. 2012. Chemopreventive effects of dietary phytochemi-
cals against cancer invasion and metastasis: phenolic acids, monophenol,
polyphenol, and their derivatives. Cancer Treat. Rev. 38(1): 76–87. doi:10.1016/
j.ctrv.2011.03.001. PMID:21481535.

Yu, N., and Wang, M. 2008. Anticancer drug discovery targeting DNA
hypermethylation. Curr. Med. Chem. 15(14): 1350–1375. doi:10.2174/
092986708784567653. PMID:18537614.

368 Biochem. Cell Biol. Vol. 91, 2013

Published by NRC Research Press

B
io

ch
em

. C
el

l B
io

l. 
D

ow
nl

oa
de

d 
fr

om
 w

w
w

.n
rc

re
se

ar
ch

pr
es

s.
co

m
 b

y 
U

ni
ve

rs
ité

 d
e 

Sh
er

br
oo

ke
 o

n 
06

/2
2/

14
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 

http://www.ncbi.nlm.nih.gov/pubmed/17332930
http://dx.doi.org/10.1002/pros.21270
http://www.ncbi.nlm.nih.gov/pubmed/20886540
http://dx.doi.org/10.1208/s12248-011-9300-y
http://www.ncbi.nlm.nih.gov/pubmed/21938566
http://dx.doi.org/10.1007/s11095-010-0089-7
http://www.ncbi.nlm.nih.gov/pubmed/20306120
http://dx.doi.org/10.1096/fj.10-167924
http://dx.doi.org/10.1096/fj.10-167924
http://www.ncbi.nlm.nih.gov/pubmed/21177307
http://dx.doi.org/10.1158/1055-9965.EPI-06-0942
http://www.ncbi.nlm.nih.gov/pubmed/18006906
http://dx.doi.org/10.1093/carcin/bgr277
http://dx.doi.org/10.1093/carcin/bgr277
http://www.ncbi.nlm.nih.gov/pubmed/22114073
http://www.ncbi.nlm.nih.gov/pubmed/20668305
http://dx.doi.org/10.3892/ijo_00000018
http://www.ncbi.nlm.nih.gov/pubmed/18636159
http://dx.doi.org/10.1016/j.ctrv.2011.03.001
http://dx.doi.org/10.1016/j.ctrv.2011.03.001
http://www.ncbi.nlm.nih.gov/pubmed/21481535
http://dx.doi.org/10.2174/092986708784567653
http://dx.doi.org/10.2174/092986708784567653
http://www.ncbi.nlm.nih.gov/pubmed/18537614

	Minireview
	Introduction
	Epigenetic potentials of dietary polyphenols
	Change in DNA methylation by dietary polyphenols
	Changes in chromatin composition and structure by dietary polyphenols
	Change in miRNAs expression profile by dietary polyphenols

	Conclusions and future perspective

	Acknowledgements
	References


<<
	/CompressObjects /Off
	/ParseDSCCommentsForDocInfo true
	/CreateJobTicket false
	/PDFX1aCheck false
	/ColorImageMinResolution 150
	/GrayImageResolution 300
	/DoThumbnails false
	/ColorConversionStrategy /LeaveColorUnchanged
	/GrayImageFilter /DCTEncode
	/EmbedAllFonts true
	/CalRGBProfile (sRGB IEC61966-2.1)
	/MonoImageMinResolutionPolicy /OK
	/AllowPSXObjects true
	/LockDistillerParams true
	/ImageMemory 1048576
	/DownsampleMonoImages true
	/ColorSettingsFile (None)
	/PassThroughJPEGImages true
	/AutoRotatePages /PageByPage
	/Optimize true
	/ParseDSCComments true
	/MonoImageDepth -1
	/AntiAliasGrayImages false
	/JPEG2000ColorImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/GrayImageMinResolutionPolicy /OK
	/ConvertImagesToIndexed true
	/MaxSubsetPct 99
	/Binding /Left
	/PreserveDICMYKValues false
	/GrayImageMinDownsampleDepth 2
	/MonoImageMinResolution 1200
	/sRGBProfile (sRGB IEC61966-2.1)
	/AntiAliasColorImages false
	/GrayImageDepth -1
	/PreserveFlatness true
	/CompressPages true
	/GrayImageMinResolution 150
	/CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
	/PDFXBleedBoxToTrimBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/AutoFilterGrayImages true
	/EncodeColorImages true
	/AlwaysEmbed [
	]
	/EndPage -1
	/DownsampleColorImages true
	/ASCII85EncodePages false
	/PreserveEPSInfo false
	/PDFXTrimBoxToMediaBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/CompatibilityLevel 1.3
	/MonoImageResolution 600
	/NeverEmbed [
		/Arial-Black
		/Arial-BlackItalic
		/Arial-BoldItalicMT
		/Arial-BoldMT
		/Arial-ItalicMT
		/ArialMT
		/ArialNarrow
		/ArialNarrow-Bold
		/ArialNarrow-BoldItalic
		/ArialNarrow-Italic
		/ArialUnicodeMS
		/CenturyGothic
		/CenturyGothic-Bold
		/CenturyGothic-BoldItalic
		/CenturyGothic-Italic
		/CourierNewPS-BoldItalicMT
		/CourierNewPS-BoldMT
		/CourierNewPS-ItalicMT
		/CourierNewPSMT
		/Georgia
		/Georgia-Bold
		/Georgia-BoldItalic
		/Georgia-Italic
		/Impact
		/LucidaConsole
		/Tahoma
		/Tahoma-Bold
		/TimesNewRomanMT-ExtraBold
		/TimesNewRomanPS-BoldItalicMT
		/TimesNewRomanPS-BoldMT
		/TimesNewRomanPS-ItalicMT
		/TimesNewRomanPSMT
		/Trebuchet-BoldItalic
		/TrebuchetMS
		/TrebuchetMS-Bold
		/TrebuchetMS-Italic
		/Verdana
		/Verdana-Bold
		/Verdana-BoldItalic
		/Verdana-Italic
	]
	/CannotEmbedFontPolicy /Warning
	/PreserveOPIComments false
	/AutoPositionEPSFiles true
	/JPEG2000GrayACSImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/PDFXOutputIntentProfile ()
	/EmbedJobOptions true
	/JPEG2000ColorACSImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/MonoImageDownsampleType /Average
	/DetectBlends true
	/EmitDSCWarnings false
	/ColorImageDownsampleType /Average
	/EncodeGrayImages true
	/AutoFilterColorImages true
	/DownsampleGrayImages true
	/GrayImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.15
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/AntiAliasMonoImages false
	/GrayImageAutoFilterStrategy /JPEG
	/GrayACSImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.15
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/ColorImageAutoFilterStrategy /JPEG
	/ColorImageMinResolutionPolicy /OK
	/ColorImageResolution 300
	/PDFXRegistryName ()
	/MonoImageFilter /CCITTFaxEncode
	/CalGrayProfile (Gray Gamma 2.2)
	/ColorImageMinDownsampleDepth 1
	/PDFXTrapped /False
	/DetectCurves 0.1
	/ColorImageDepth -1
	/JPEG2000GrayImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/TransferFunctionInfo /Preserve
	/ColorImageFilter /DCTEncode
	/PDFX3Check false
	/ParseICCProfilesInComments true
	/DSCReportingLevel 0
	/ColorACSImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.15
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/PDFXOutputConditionIdentifier ()
	/PDFXCompliantPDFOnly false
	/AllowTransparency false
	/UsePrologue false
	/PreserveCopyPage true
	/StartPage 1
	/MonoImageDownsampleThreshold 1.0
	/GrayImageDownsampleThreshold 1.0
	/CheckCompliance [
		/None
	]
	/CreateJDFFile false
	/PDFXSetBleedBoxToMediaBox true
	/EmbedOpenType false
	/OPM 0
	/PreserveOverprintSettings false
	/UCRandBGInfo /Remove
	/ColorImageDownsampleThreshold 1.0
	/MonoImageDict <<
		/K -1
	>>
	/GrayImageDownsampleType /Average
	/Description <<
		/ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
		/PTB <>
		/FRA <>
		/KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
		/NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
		/NOR <>
		/DEU <>
		/SVE <>
		/DAN <>
		/ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
		/JPN <>
		/CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
		/SUO <>
		/ESP <>
		/CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
	>>
	/CropMonoImages true
	/DefaultRenderingIntent /RelativeColorimeteric
	/PreserveHalftoneInfo false
	/ColorImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.15
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/CropGrayImages true
	/PDFXOutputCondition ()
	/SubsetFonts true
	/EncodeMonoImages true
	/CropColorImages true
	/PDFXNoTrimBoxError true
>>
setdistillerparams
<<
	/PageSize [
		612.0
		792.0
	]
	/HWResolution [
		600
		600
	]
>>
setpagedevice


