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Abstract

L Castillo-Pichardo, A Rivera-Rivera, S Dharmawardhane*

Introduction
Grape and red wine polyphenols have
long been purported to have multiple
health benefits. Although convincing
clinical data are still lacking, recent
experimental studies have demonstrated the utility of grape polyphenols as anticancer compounds. This
review discusses the potential of the
major polyphenols from grape and
red wine, resveratrol, quercetin and
catechin, as alternative therapeutics
for breast cancer.
Discussion
Accumulated data from in vitro studies with breast cancer cell lines and
in vivo studies with rodent models
demonstrate a pro-apoptotic, antiproliferative, anti-invasive, anti-angiogenic and anti-metastatic role for
grape polyphenols in breast cancer.
At the molecular level, the anticancer effects of grape polyphenols have
been attributed to the inhibition
of a number of cancer-promoting
pathways that include oestrogen
receptor, growth factor receptor,
mitogen-activated protein kinases,
phosphoinosite 3-kinase/Akt/mammalian target of rapamycin and nuclear factor κB signalling sequelae.
Studies from our group have shown
that an equimolar formulation of
the major grape polyphenols resveratrol, quercetin and catechin can
reduce the growth of breast cancer
cells and mammary tumours, as well
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as metastasis. Moreover, these grape
polyphenols have potential as chemosensitisers of anti-growth factor
receptor therapy, via inhibition of the
phosphoinosite 3-kinase/Akt/mammalian target of rapamycin pathway.
Conclusion
Appropriate pre-clinical and clinical studies to determine the efficacy,
correct dosage and combination of
grape polyphenols are warranted before the establishment of guidelines
for the treatment of breast cancer
patients, those at high-risk and survivors.

Introduction

The health benefits of plant-derived
polyphenols in our diet are becoming
more evident and better understood.
Plant polyphenols are structurally
diverse micronutrients that consist
mostly of flavonoids (abundant in
our diet), phenolic acids, stilbenes
and lignans1. Grape polyphenols,
enriched in grape skin and grape
seeds, and thus in red wine, exert a
myriad of beneficial effects that include: antioxidant, anti-carcinogenic,
anti-inflammatory,
neuroprotective, cardioprotective, anti-allergic,
anti-diarrhoeal, anti-ulcer, antibiotic,
anti-ageing, anti-angiogenic, vasorelaxing and anti-thrombotic properties2–6. A number of studies have implicated grape polyphenols in cancer
prevention and inhibition of cancer
progression due to their antioxidant
and pro-apoptotic effects as well as
the inhibition of pro-cancer molecular pathways5–13. Moreover, these
compounds are structurally similar
to the female hormone oestrogen
and can act as selective oestrogen receptor (ER) modulators and induce
differential gene expression via ERα

and ERβ. Thus, these phytoestrogens
are especially relevant for gynaecological cancers, such as breast cancer14,15. Additionally, recent research
has implicated plant polyphenols
as safe alternatives to sensitising
tumours to chemotherapeutics or
radiation via inhibition of resistant
pathways16–18. However, although a
definitive role for grape polyphenols
as cancer preventives has been demonstrated5, the formulations, concentrations and the type and stage of
cancers that will benefit from grape
polyphenols remain to be clarified.
This review discusses the potential
of grape polyphenols as breast cancer t herapeutics.

Discussion

The authors have referenced some
of their own studies in this review. These referenced studies have
been conducted in accordance with
the Declaration of Helsinki (1964)
and the protocols of these studies
have been approved by the relevant
ethics committees related to the
institution in which they were performed.

Grape polyphenols as breast
cancer preventives and
alternative therapeutics
Breast cancer is the most commonly
diagnosed form of cancer, and the
second cause of cancer deaths among
women, with 232,340 new cases estimated for 201319. Consequently,
it is critical to find new alternatives
for breast cancer prevention and
cure. Of these, grape polyphenols are
an attractive alternative. However,
even though epidemiological studies
have associated grape consumption
with reduced breast cancer risk20,21,
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consumption of grape polyphenols
from ‘over-the-counter’ neutraceutical preparations still poses a potential health hazard. This is because
the effects of individual or combined
grape polyphenols, and their effective concentrations and combinations for breast cancer prevention
are yet to be elucidated.
The anticancer role of grape polyphenols has been demonstrated using numerous in vitro and in vivo
systems, including breast cancer
models. Additionally, grape-derived
polyphenols, grape seed extract
(GSE) and grape juice constituents
have been shown to inhibit breast
cancer initiation and reduce cancer
in rodent models7–9,22–26. GSE was
also shown to block the activity of
Akt in breast cancer cells, an important signalling intermediate that
regulates cell survival, protein synthesis, proliferation and invasion27.
The cellular mechanisms of grape
polyphenol-mediated inhibition of
breast cancer cell proliferation have
been attributed to: (1) binding to
ER and blocking ER-mediated gene
transcription, (2) interaction with
membrane ER, to regulate several
protein kinases and transcription
factors, (3) inhibition of growth factor receptor signalling, (4) acting as
aromatase inhibitors that prevent
the conversion of androgens to oestrogen and (5) induction of apoptosis5,28.
Approximately 70% of the red
wine polyphenols consist of 1% resveratrol (stilbene), 6% quercetin
(flavone) and 65%–70% catechin
(flavan-3-ol)5,9,29. Due to their structural similarity to oestrogen (Figure
1), grape polyphenols can exert oestrogenic or anti-oestrogenic effects
in breast cancer14,30. However, our
group and others have shown that
grape polyphenols also inhibit ERα
negative (−) breast cancer progression and metastasis7,18,31–33. Therefore, grape polyphenols also regulate
ER-independent signalling pathways.

Figure 1: Structures of resveratrol, quercetin and catechin. Structures of the
stilbene resveratrol, flavonol quercetin and flavan-3-ol catechin are compared
with oestrogen. These polyphenols can act as antioxidants and may have
oestrogenic/anti-oestrogenic activity due to similarity in distance between
the terminal hydroxyl groups of oestrogen that can interact with oestrogen
receptors.
Resveratrol
Resveratrol acts as a cancer preventive due to its antioxidant, proapoptotic, anti-proliferative, antiinflammatory, anti-angiogenic and
anti-invasive properties34,35. Since the
initial report of resveratrol acting as
a cancer preventive in a skin cancer
model36, a great deal of attention has
been focused on the anticancer effects of resveratrol. However, a complete understanding of the myriad
of signalling pathways regulated by
resveratrol, the effects of resveratrol
on different types of cancers and the
relevant doses still remain elusive37.
Resveratrol binds both ERα and
ERβ with comparable affinity, but
with 7000-fold lower affinity than
oestrogen38,39. Moreover, resveratrol
can modulate cancer via alternative
pathways. The most widely studied
mediators of the anticancer effects
of resveratrol are mitogen-activated
protein kinases (MAPKs), nuclear
factor κB (NFκB) and phosphoinosite

3-kinase (PI3-K)/Akt/mammalian
target of rapamycin (mTOR) pathways that regulate cancer cell proliferation, survival and migration/
invasion, as well as immune responses and inflammation34,40–44 (Figure
2). Resveratrol-mediated inhibition
of the PI3-K/Akt/mTOR pathway,
which plays a central role in the regulation of protein synthesis, cell proliferation, tumour growth and metastasis, and chemotherapy resistance,
is thought to be relevant for the anticancer functions of resveratrol 45.
In breast cancer, resveratrol has
been implicated in the inhibition of
multistage carcinogenesis in vitro46.
Resveratrol promotes breast cancer
cell apoptosis by regulating extracellular regulated kinase, c-Jun N-terminal kinase, p38 MAPKs47,48 and signal
transducer and activator of transcription 349. Resveratrol also protects breast cells from carcinogenic
oestrogen metabolites50, impedes the
non-genomic induction of oestrogen
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Figure 2: Effects of individual and combined resveratrol, quercetin and catechin on cancer cell signalling. The discussed
effects of individual and combined grape polyphenols on tumourigenic signalling pathways are presented in this simplified
signalling scheme. Resveratrol (R) and quercetin (Q) have been shown to bind to ER, including the subpopulation of
membrane ER to affect non-genomic signalling via crosstalk with EGFR, and either activate or inhibit EGFR signalling in
a concentration-dependent manner. EGFR signalling activates a number of cancer-promoting pathways. These include
the following signalling sequelae (from left to right): (1) Activation of phospholipase C (PLC) to generate protein kinase
C (PKC) and calcium signalling is inhibited by combined red wine polyphenols (RWP). (2) The janus kinase (JAK)/
signal transducer and activator of transcription (STAT) pathway that regulates growth, survival and differentiation is
inhibited by resveratrol. (3) Both resveratrol and quercetin are direct inhibitors of phosphoinositide 3-kinase (PI3-K),
an enzyme that activates the pro-survival oncogene Akt. Akt activity, is inhibited by low concentrations of combined
resveratrol, quercetin and catechin (1:1:1) (RQC). The Akt downstream effector NFκB that regulates cancer cell survival
and inflammation is inhibited by resveratrol, RQC and RWP. (4) Growth factor receptor signalling (as well as nutrients,
energy, stress and hormone receptors) activate the mTOR kinase complex mTORC1, which includes mTOR kinase and the
regulatory-associated protein of mTOR (Raptor). Activated Akt regulates mTORC1 by an inhibitory phosphorylation of
tuberous sclerosis complex 2 (TSC2), a GTPase-activating protein for Rheb, which is the GTP-binding protein that activates
mTOR. Activated mTORC1 phosphorylates eukaryotic initiation factor 4E binding protein (4EBP) and p70S6 ribosomal
kinase (p70S6K) to regulate cell growth by initiating protein synthesis and ribosome biogenesis. RQC was shown to inhibit
p70S6K activity. RQC also activates an important negative regulator of mTOR signalling, AMP-activated protein kinase
(AMPK). AMPK inhibits mTORC1 by activating TSC2 and by direct inhibition of Raptor. (5) The Ras/mitogen-activated
protein kinase pathway, an important regulator of cell growth, is inhibited by individual resveratrol and quercetin. (6)
Individual resveratrol has concentration-dependent effects on focal adhesion kinase (FAK) and the small GTPases Rac and
Cdc42 that regulate motility and metastasis.
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rodent models, the concentration or
route of resveratrol administration.
Overall, the published data indicate
that, even though resveratrol acts as
a cancer preventive at high concentrations, caution must be exercised
with resveratrol treatment for breast
cancer patients or survivors.
Clinical trials on resveratrol have
mainly focused on pharmacokinetics
and metabolism, and the effect of resveratrol in colorectal cancer, where
high doses of resveratrol were shown
to be effective64,65. More studies need
to be performed to further investigate the optimal dose, long-term effects and molecular mechanisms of
resveratrol before large-scale clinical
trials on the anticancer effects of resveratrol can be conducted37.
Quercetin
Quercetin, a flavonoid with potent
antioxidant and anti-proliferative effects66,67, comprises about 6% of total
polyphenols in red wine29. Quercetin
also binds ERα and ERβ to induce
ER-mediated gene expression and
preferentially signals through ERβ68.
Additionally, quercetin decreases
mammary tumour growth and breast
cancer cell viability, and induces cell
cycle arrest and apoptosis67,69–71.
Quercetin has also been shown to
have anti-migration/invasion properties and inhibit survival signalling
and tumour growth in rodents72,73.
A number of pro-cancer cell signalling pathways have been identified
as targets of quercetin at high, pharmacological concentrations74. Some
of these effects may be due to direct
inhibition of PI3-K, because quercetin was the lead compound in the
design of the commercial PI3-K inhibitor LY29400275,76. We recently
reported that quercetin, at low concentrations, inhibits mTOR activity
of breast cancer cells, both via inhibition of Akt and by activation of
the mTOR negative regulator adenosine monophosphate (AMP) kinase
(AMPK); thus, implicating quercetin
in the inhibition of mTOR activity

via a dual mechanism18 (Figure 2).
A recent study also demonstrated
that quercetin potentiates the cancer therapeutic doxorubicin, in ER(+)
breast cancer cells77. However, a better understanding of the anti-cancer
effects and molecular mechanisms of
quercetin at a broad range of concentrations is necessary before clinical
trials on the anti-tumour effects of
quercetin can be conducted.

Catechin
Most studies on the cancer preventive properties of catechins have
used catechins from green tea, which
is comprised of a mixture of epigallocatechin gallate, epigallocatechin
and epicatechin gallate. However, not
much is known about the anticancer
properties of the monomeric nongallated catechin, the major grape
polyphenol29,78. Monomeric catechin
was found to delay tumour onset in
a spontaneous mouse model79. Additionally, a hydrated form of catechin
was reported to induce apoptosis
in breast cancer cells by increased
expression of p53 and caspases80.
Therefore, more studies are needed
on the efficacy of monomeric catechin as a breast cancer preventive.
Combined resveratrol, quercetin
and catechin
Much of the data on the cancer preventive effects of grape polyphenols
has been generated from ER(+) tissue culture cell lines treated with
high concentrations of individual
polyphenols. As discussed earlier,
these studies have demonstrated
the cancer-preventive efficacy of individual treatments of resveratrol,
quercetin or catechin at pharmacological concentrations. Our group
has studied the effects of individual
and combined resveratrol, quercetin
and catechin (RQC), at low physiologically relevant concentrations
on cellular processes important
for breast cancer progression, using metastatic ER(−) breast cancer
models. We demonstrated that an
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signalling51 and inhibits ERα expression in breast cancer cells52.
However, much of the data on the
anticancer properties of resveratrol
have used high (up to 100 μM) concentrations that are rarely achieved
via dietary consumption of grape or
grape products53. In vivo animal studies that demonstrated a breast cancer preventive role for resveratrol
used 25–200 mg/kg resveratrol and
reported reduced mammary tumour
growth42,54. Intriguingly, our studies
have shown a biphasic concentration-dependent action for resveratrol in breast cancer cells. Resveratrol at low concentrations (≤5 μM)
promoted and at high concentrations
(>5 μM) inhibited pro-migratory actin structures and focal adhesions,
and the related activities of focal adhesion kinase, Akt, and the small GTPase Rac55–57. We have corroborated
these in vitro studies in vivo, where
we recently determined the effect of
0.5, 5 or 50 mg/kg body weight (BW)
of dietary resveratrol on breast cancer progression in athymic nude or
severe combined immunodeficiency
(SCID) mice with mammary fatpad
tumours from ER(−) MDA-MB-435
cells or ERα(−) ERβ(+) MDA-MB-231
cells, respectively. We found that resveratrol, at all concentrations tested,
resulted in a dramatic increase in tumour growth and metastasis, with a
parallel increase in tumoural Rac activity58. However, others have reported reduced tumour growth of MDAMB-231 in nude mice at 25 mg/kg59
and prolonged onset of tumours and
reduced metastases in a HER2/neu
spontaneous breast cancer model
following 4 μg resveratrol/mouse60,
as well as reduced metastasis in a
mouse model following 100 and 200
mg/kg BW resveratrol54. Resveratrol
has also been shown to reduce mammary tumour growth in rats by some
groups61,62, while others have reported increased mammary tumour
growth in rats in response to 100
mg/kg resveratrol63. These discrepancies may be due to differences in
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Table 1 Effects of low concentrations of individual and combined grape polyphenols in breast cancer progression from our studies18,32,33
Individual R, Q or C

Combined RQC

Cell proliferation

Increased or unchanged
Decreased by 5 µM R or Q

Decreased

Cell cycle progression

Unchanged except for an S/G2 arrest
by 5 µM R

Arrested

Cell migration

Increased or unchanged

Decreased

Apoptosis

Induced

Tumour growth

Increased by R

Inhibited

Metastasis

Increased by R

Inhibited

*R, resveratrol; Q, quercetin; C, catechin.

of AMPK18, a stress-sensing enzyme
that requires AMP for activation and
regulates cell growth, autophagy and
metabolism84,85 (Figure 2). Therefore,
these studies implicate the RQC formulation in the inhibition of breast
cancer growth, metastasis and therapy resistance.
The potential of RQC to sensitise breast cancers to the epidermal
growth factor receptor (EGFR) therapeutic gefitinib was demonstrated
by using the gefitinib-resistant MDAMB-231 metastatic breast cancer
cell line. We recently reported that
RQC inhibits mTOR signalling even
in the presence of gefitinib and
that combined RQC and gefitinib is
more effective than individual RQC
or gefitinib at inhibiting cell proliferation and reducing mammary tumour growth and metastasis in SCID
mice18 (Figure 3). Current advances
in breast cancer therapy include dual
therapeutic strategies with mTOR
inhibitors to overcome resistance to
anti-EGFR/HER2 and anti-oestrogen therapeutics83,86. However, such
combination therapy with chemical
inhibitors often results in devastating side effects and failure in clinical
trials due to cytotoxicity and further
development of resistance87. A safer
alternative is the use of common dietary compounds with low toxicity
that can inhibit therapy resistance
pathways16. This is supported by

recent studies that have elucidated
a chemosensitising role for grape
polyphenols, such as the RQC formulation, as well as grape seed and skin
extracts10,18,88. Further clinical studies
are warranted to investigate the efficacy of grape polyphenols as safe,
non-toxic and economically feasible
alternatives in combination therapy
for aggressive breast cancers.

Bioavailability of grape
polyphenols
To establish polyphenols as dietary
and therapeutic anticancer compounds, it is important to first understand their processing and bioavailability in humans89. RQCs are present
in red wine at an average of 2.7 mg/L
(0.1–14.3 mg/L) resveratrol, 8.3
mg/L (up to 13.9–14.5 mg/L) quercetin and 68.1 mg/L catechin (up to
270 mg/L)89–91. After ingestion, grape
polyphenols are detectable in plasma
and urine of rodents and humans92–95.
However, grape polyphenols are rapidly cleared from the circulation and
their overall bioavailability is relatively low96,97. Therefore, much recent effort has been directed to the
development of alternative delivery
strategies to improve bioavailability98,99, as well as the utility of more
stable synthetic derivatives of grape
polyphenols100,101.
Dietary polyphenols are usually consumed in the form of esters,
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equimolar combination of RQC, at
low concentrations (0.5–5 μM each),
is more effective than the individual
compounds in inhibiting metastatic
breast cancer cell viability, cell cycle
progression, cell migration and the
tumourigenic PI3K/Akt/mTOR pathway (Table 1, Figure 2). Moreover,
the RQC formulation was effective
at inducing apoptosis and regulating
apoptotic signalling proteins18,32,33.
We also demonstrated that RQC (0.5,
5 or 25 mg/kg BW each) can suppress growth and metastasis of MDAMB-231 and MDA-MB-435 mammary fatpad xenografts in nude mice32,33
(Table 1). At 5 mg/kg BW each, RQC
specifically inhibited bone and liver
metastasis of the MDA-MB-435 bone
metastatic variant. These data suggest that, although this formulation
may not suppress intravasation and
shedding of metastatic cancer cells
into the vasculature, it can specifically inhibit the colonisation of metastatic cancer cells in the bone and
liver32,33.
The potential of grape polyphenols
to reduce mammary tumour growth
has also been demonstrated with
GSE, which reduced MDA-MB-231
xenografts via decreased angiogenesis81. Moreover, grape polyphenols,
isolated from red wine polyphenols
(RWPs), dramatically inhibited the
growth of MDA-MB-231 xenografts
and reduced NFκB, phospholipase
C and calcium signalling pathways7.
Grape polyphenols were also implicated in NFκB inhibition by our studies, where dietary RQC increased the
expression of the inhibitor of NFκB
(NFKBIA or IkBα) in mammary tumours33 (Figure 2).
We recently demonstrated an
RQC-mediated dual inhibition of the
mTOR pathway18. mTOR is a pivotal signal integrator for nutrients,
growth factors, hormones, stress and
energy. The mTOR pathway regulates
cancer progression by promoting cell
growth and therapy resistance82,83.
RQC inhibited mTOR activity, both
via inhibition of Akt and activation
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g lycosides or polymers, and get converted to the aglycone form by the
gut microflora before absorption102.
Therefore, following consumption,
the aglycones are found in the serum
at low concentrations, with the majority as glucuronide and sulphate
conjugates103. Such extensive conjugation of polyphenols is thought to be
one of the main reasons for the low
oral bioavailability of dietary flavonoids and other polyphenols96. Free
(aglycone) polyphenols in the serum of humans following consumption was shown to be 1.7%–1.9%
resveratrol, 17.2%–26.9% quercetin, and 1.1%–6.5% catechin, while
more than 80% of these compounds
were absorbed104. However, a different study reported peak concentrations of resveratrol in humans to be
<10 ng/mL at 0.5–2 h after oral consumption105. The different methods
of detection and absorption of aglycone forms of polyphenols in tissue
may account for the variability and
low amounts of polyphenols detected from serum/plasma and urine.
Quercetin, for instance, is generally

Clinical trials of grape
polyphenols as anti-breast cancer
compounds
Surprisingly, comprehensive studies
on the efficacy of grape polyphenols
for breast cancer patients have yet to
be conducted. A search of the National Institutes of Health ‘ClinicalTrials.
gov’ website for ‘grape polyphenols’,
‘red wine’ or ‘resveratrol’ and ‘breast
cancer’, yielded only one trial on the
efficacy of red wine versus white
wine for breast cancer risk. Although
a previous study reported that there
was no difference between red or
white wine consumption and breast
cancer risk106, this recent clinical trial
determined that in postmenopausal
women, moderate red wine consumption, and not white wine, reduced
breast cancer risk, due to the efficacy
of grape polyphenols as aromatase
inhibitors107. Therefore, more preclinical and clinical trials are needed
for a comprehensive evaluation of
the potential of grape polyphenols as
anti-breast cancer compounds.

Conclusion

Grape polyphenols have immense
potential as cancer therapeutics because they have demonstrated high
efficacy against many types of cancer, including breast cancer. They are
also absorbed and metabolised by
humans, can be consumed orally, are
inexpensive and readily available. In
addition to their cancer preventive
effects, grape polyphenols may also
be useful as anti-breast cancer therapeutics, especially in combination

therapy as non-toxic safe alternatives
to potentiate current breast cancer therapies. However, to establish
grape polyphenols as viable breast
cancer therapeutics, more comprehensive pre-clinical and clinical trials
that demonstrate the efficacy, optimal dose, effective combination and
targeted type and stage of cancer are
urgently needed.

Abbreviations list

AMPK, AMP-activated protein kinase;
BW, body weight; EGFR, epidermal
growth factor receptor; ER, oestrogen
receptor; FAK, focal adhesion kinase;
GSE, grape seed extract; JAK, janus
kinase; MAPK, mitogen-activated protein kinase; mTOR, mammalian target
of rapamycin; NFκB, nuclear factor
κB; p70S6K, p70S6 ribosomal kinase;
PI3-K, phosphoinosite 3-kinase; PKC,
protein kinase C; PLC, phospholipase C; Raptor, regulatory-associated
protein of mTOR; RQC, resveratrol,
quercetin and catechin; RWP, red
wine polyphenol; SCID, severe combined immunodeficiency; STAT, signal
transducer and activator of transcription; TSC2, tuberous sclerosis complex 2; 4EBP, 4E binding protein.

References

1. Perez-Vizcaino F, Duarte J, Santos-Buelga C. The flavonoid paradox: conjugation
and deconjugation as key steps for the
biological activity of flavonoids. J Sci Food
Agric. 2012 Jul;92(9):1822–5.
2. Araújo JR, Gonçalves P, Martel F. Chemopreventive effect of dietary polyphenols
in colorectal cancer cell lines. Nutr Res.
2011 Feb;31(2):77–87.
3. Vislocky LM, Fernandez ML. Biomedical effects of grape products. Nutr Rev.
2010 Nov;68(11):656–70.
4. de Lorimier AA. Alcohol, wine, and
health. Am J Surg. 2000 Nov;180(5):357–
61.
5. Zhou K, Raffoul JJ. Potential anticancer
properties of grape antioxidants. J Oncol.
2012;2012:803294.
6. Xia EQ, Deng GF, Guo YJ, Li HB. Biological activities of polyphenols from grapes.
Int J Mol Sci. 2010 Feb;11(2):622–46.
7. Hakimuddin F, Tiwari K, Paliyath G,
Meckling K. Grape and wine polyphe-

Licensee OA Publishing London 2013. Creative Commons Attribution License (CC-BY)

For citation purposes: Castillo-Pichardo L, Rivera-Rivera A, Dharmawardhane S. Potential of grape polyphenols as breast
cancer therapeutics. OA Alternative Medicine 2013 Apr 01;1(1):9.

Competing interests: none declared. Conflict of interests: none declared.
All authors contributed to conception and design, manuscript preparation, read and approved the final manuscript.
All authors abide by the Association for Medical Ethics (AME) ethical rules of disclosure.

Figure 3: Combined resveratrol,
quercetin and catechin (RQC) in therapy resistance. RQC inhibits mTOR
activity via inhibition of Akt and activation of AMPK. RQC-mediated inhibition of Akt/mTOR signalling that
is elevated during therapy resistance,
leads to chemosensitisation of antiEGFR therapy in therapy resistant
breast cancer cells.

undetected in plasma; however, it
is present in considerable amounts
in tissues. This is probably because
quercetin is more lipophilic than its
glucurono- and sulpho-conjugated
metabolites; consequently quercetin
may remain in the tissue interacting
with cell membrane phospholipids1.
This ability of polyphenolics to penetrate tissues may explain their potent
anticancer effects even when low levels are detected in urine and serum.

Page 7 of 9

nols down-regulate the expression
of signal transduction genes and inhibit the growth of estrogen receptornegative MDA-MB231 tumors in nu/
nu mouse xenografts. Nutr Res. 2008
Oct;28(10):702–13.
8. Soleas GJ, Grass L, Josephy PD, Goldberg DM, Diamandis EP. A comparison of
the anticarcinogenic properties of four
red wine polyphenols. Clin Biochem.
2002 Mar;35(2):119–24.
9. Damianaki A, Bakogeorgou E, Kampa M,
Notas G, Hatzoglou A, Panagiotou S, et al.
Potent inhibitory action of red wine polyphenols on human breast cancer cells. J
Cell Biochem. 2000 Jun;78(3):429–41.
10. Kaur M, Agarwal C, Agarwal R. Anticancer and cancer chemopreventive
potential of grape seed extract and other grape-based products. J Nutr. 2009
Sep;139(9):1806S–12S.
11. Agarwal C, Sharma Y, Agarwal R. Anticarcinogenic effect of a polyphenolic
fraction isolated from grape seeds in
human prostate carcinoma DU145 cells:
modulation of mitogenic signaling and
cell-cycle regulators and induction of G1
arrest and apoptosis. Mol Carcinog. 2000
Jul;28(3):129–38.
12. Yi W, Fischer J, Akoh CC. Study of anticancer activities of muscadine grape phenolics in vitro. J Agric Food Chem. 2005
Nov;53(22):8804–12.
13. Walter A, Etienne-Selloum N, Brasse
D, Khallouf H, Bronner C, Rio MC, et al. Intake of grape-derived polyphenols reduces C26 tumor growth by inhibiting angiogenesis and inducing apoptosis. FASEB J.
2010 Sep;24(9):3360–9.
14. Harris DM, Besselink E, Henning SM,
Go VL, Heber D. Phytoestrogens induce
differential estrogen receptor alpha- or
Beta-mediated responses in transfected
breast cancer cells. Exp Biol Med. (Maywood.) 2005 Sep;230(8):558–68.
15. Klinge CM, Risinger KE, Watts MB,
Beck V, Eder R, Jungbauer A. Estrogenic
activity in white and red wine extracts. J
Agric Food Chem. 2003 Mar;51(7):1850–
7.
16. Garg AK, Buchholz TA, Aggarwal BB.
Chemosensitization and radiosensitization of tumors by plant polyphenols. Antioxid Redox Signal. 2005 Nov–Dec;7(11–
12):1630–47.
17. Singh M, Bhatnagar P, Srivastava AK,
Kumar P, Shukla Y, Gupta KC. Enhancement of cancer chemosensitization potential of cisplatin by tea polyphenols

poly(lactide-co-glycolide) nanoparticles.
J Biomed Nanotechnol. 2011 Feb;7(1):
202.
18. Castillo-Pichardo L, Dharmawardhane SF. Grape polyphenols inhibit akt/
mammalian target of rapamycin signaling and potentiate the effects of gefitinib in breast cancer. Nutr Cancer.
2012;64(7):1058–69.
19. Siegel R, Naishadham D, Jemal A.
Cancer statistics, 2013. CA Cancer J Clin.
2013 Jan;63(1):11–30.
20. Levi F, Pasche C, Lucchini F, Ghidoni
R, Ferraroni M, La Vecchia C. Resveratrol
and breast cancer risk. Eur J Cancer Prev.
2005 Apr;14(2):139–42.
21. Mullin GE. Red wine, grapes, and better health--resveratrol. Nutr Clin Pract.
2011 Dec;26(6):722–3.
22. Hakimuddin F, Paliyath G, Meckling
K. Selective cytotoxicity of a red grape
wine flavonoid fraction against MCF7 cells. Breast Cancer Res Treat. 2004
May;85(1):65–79.
23. Clifford AJ, Ebeler SE, Ebeler JD, Bills
ND, Hinrichs SH, Teissedre PL, et al. Delayed tumor onset in transgenic mice fed
an amino acid-based diet supplemented
with red wine solids. Am J Clin Nutr. 1996
Nov;64(5):748–56.
24. Singletary KW, Stansbury MJ, Giusti
M, van Breemen RB, Wallig M, Rimando A.
Inhibition of rat mammary tumorigenesis
by concord grape juice constituents. J Agric Food Chem. 2003 Dec;51(25):7280–6.
25. Kim H, Hall P, Smith M, Kirk M, Prasain JK, Barnes S, et al. Chemoprevention by grape seed extract and genistein
in carcinogen-induced mammary cancer
in rats is diet dependent. J Nutr. 2004
Dec;134(12 Suppl):3445S–52S.
26. Jung KJ, Wallig MA, Singletary
KW. Purple grape juice inhibits 7,12dimethylbenz[a]anthracene (DMBA)-induced rat mammary tumorigenesis and
in vivo DMBA-DNA adduct formation.
Cancer Lett. 2006 Feb;233(2):279–88.
27. Lu J, Zhang K, Chen S, Wen W. Grape
seed extract inhibits VEGF expression via
reducing HIF-1alpha protein expression.
Carcinogenesis 2009 Apr;30(4):636–44.
28. Zhao E, Mu Q. Phytoestrogen biological actions on mammalian reproductive
system and cancer growth. Sci Pharm.
2011 Mar;79(1):1–20.
29. Faustino RS, Sobrattee S, Edel AL,
Pierce GN. Comparative analysis of the
phenolic content of selected Chilean, Canadian and American Merlot red wines.

Mol Cell Biochem. 2003 Jul;249(1–2):11–
9.
30. Ratna WN, Simonelli JA. The action
of dietary phytochemicals quercetin,
catechin, resveratrol and naringenin on
estrogen-mediated gene expression. Life
Sci. 2002 Feb;70(13):1577–89.
31. Sun T, Chen QY, Wu LJ, Yao XM, Sun XJ.
Antitumor and antimetastatic activities
of grape skin polyphenols in a murine
model of breast cancer. Food Chem Toxicol. 2012 Oct;50(10):3462–7.
32. Castillo-Pichardo L, Martínez-Montemayor MM, Martínez JE, Wall KM,
Cubano LA, Dharmawardhane S. Inhibition of mammary tumor growth and
metastases to bone and liver by dietary
grape polyphenols. Clin Exp Metastasis.
2009;26(6):505–16.
33. Schlachterman A, Valle F, Wall KM,
Azios NG, Castillo L, Morell L, et al. Combined resveratrol, quercetin, and catechin treatment reduces breast tumor
growth in a nude mouse model. Transl
Oncol. 2008 Mar;1(1):19–27.
34. Whitlock NC, Baek SJ. The anticancer effects of resveratrol: modulation
of transcription factors. Nutr Cancer.
2012;64(4):493–502.
35. Aluyen JK, Ton QN, Tran T, Yang AE,
Gottlieb HB, Bellanger RA. Resveratrol:
potential as anticancer agent. J Diet Suppl. 2012 Mar;9(1):45–56.
36. Jang M, Cai L, Udeani GO, Slowing KV,
Thomas CF, Beecher CW, et al. Cancer
chemopreventive activity of resveratrol,
a natural product derived from grapes.
Science. 1997 Jan;275(5297):218–20.
37. Vang O, Ahmad N, Baile CA, Baur JA,
Brown K, Csiszar A, et al. What is new for
an old molecule? Systematic review and
recommendations on the use of resveratrol. PLoS One. 2011;6(6):e19881.
38. Bowers JL, Tyulmenkov VV, Jernigan
SC, Klinge CM. Resveratrol acts as a mixed
agonist/antagonist for estrogen receptors alpha and beta. Endocrinology. 2000
Oct;141(10):3657–67.
39. Levenson AS, Gehm BD, Pearce ST, Horiguchi J, Simons LA, Ward JE 3rd, et al.
Resveratrol acts as an estrogen receptor
(ER) agonist in breast cancer cells stably
transfected with ER alpha. Int J Cancer.
2003 May;104(5):587–96.
40. Kraft TE, Parisotto D, Schempp
C, Efferth T. Fighting cancer with red
wine? Molecular mechanisms of resveratrol. Crit Rev Food Sci Nutr. 2009
Oct;49(9):782–99.

Licensee OA Publishing London 2013. Creative Commons Attribution License (CC-BY)

For citation purposes: Castillo-Pichardo L, Rivera-Rivera A, Dharmawardhane S. Potential of grape polyphenols as breast
cancer therapeutics. OA Alternative Medicine 2013 Apr 01;1(1):9.

Competing interests: none declared. Conflict of interests: none declared.
All authors contributed to conception and design, manuscript preparation, read and approved the final manuscript.
All authors abide by the Association for Medical Ethics (AME) ethical rules of disclosure.

Review

Page 8 of 9

41. Athar M, Back JH, Kopelovich L, Bickers DR, Kim AL. Multiple molecular targets of resveratrol: anti-carcinogenic
mechanisms. Arch Biochem Biophys.
2009 Jun;486(2):95–102.
42. Bishayee A. Cancer prevention and
treatment with resveratrol: from rodent
studies to clinical trials. Cancer Prev Res
(Phila). 2009 May;2(5):409–18.
43. Shukla Y, Singh R. Resveratrol and cellular mechanisms of cancer prevention.
Ann NY Acad Sci. 2011 Jan;1215:1–8.
44. Tang FY, Su YC, Chen NC, Hsieh HS,
Chen KS. Resveratrol inhibits migration and invasion of human breastcancer cells. Mol Nutr Food Res. 2008
Jun;52(6):683–91.
45. Wu Y, Liu F. Targeting mTOR: evaluating the therapeutic potential of resveratrol for cancer treatment. Anticancer
Agents Med Chem. 2013 Sep;13(7):1032–
8.
46. Delmas D, Lançon A, Colin D, Jannin
B, Latruffe N. Resveratrol as a chemopreventive agent: a promising molecule for
fighting cancer. Curr Drug Targets. 2006
Apr;7(4):423–42.
47. Filomeni G, Graziani I, Rotilio G, Ciriolo MR. trans-Resveratrol induces apoptosis in human breast cancer cells MCF-7 by
the activation of MAP kinases pathways.
Genes Nutr. 2007 Dec;2(3):295–305.
48. Nguyen TH, Mustafa FB, Pervaiz S,
Ng FS, Lim LH. ERK1/2 activation is required for resveratrol-induced apoptosis
in MDA-MB-231 cells. Int J Oncol. 2008
Jul;33(1):81–92.
49. Kotha A, Sekharam M, Cilenti L, Siddiquee K, Khaled A, Zervos AS, et al. Resveratrol inhibits Src and Stat3 signaling
and induces the apoptosis of malignant
cells containing activated Stat3 protein.
Mol Cancer Ther. 2006 Mar;5(3):621–9.
50. Zahid M, Gaikwad NW, Ali MF, Lu
F, Saeed M, Yang L, et al. Prevention of
estrogen-DNA adduct formation in MCF10F cells by resveratrol. Free Radic Biol
Med. 2008 Jul;45(2):136–45.
51. Wang Y, Ye L, Leung LK. A positive
feedback pathway of estrogen biosynthesis in breast cancer cells is contained by
resveratrol. Toxicology. 2008 Jun;248(2–
3):130–5.
52. De Amicis F, Giordano F, Vivacqua A,
Pellegrino M, Panno ML, Tramontano D,
et al. Resveratrol, through NF-Y/p53/
Sin3/HDAC1 complex phosphorylation,
inhibits estrogen receptor alpha gene expression via p38MAPK/CK2 signaling in

human breast cancer cells. FASEB J. 2011
Oct;25(10):3695–707.
53. Scott E, Steward WP, Gescher AJ,
Brown K. Resveratrol in human cancer chemoprevention—choosing the
‘right’ dose. Mol Nutr Food Res. 2012
Jan;56(1):7–13.
54. Lee HS, Ha AW, Kim WK. Effect of
resveratrol on the metastasis of 4T1
mouse breast cancer cells in vitro and
in vivo. Nutr Res Pract. 2012 Aug;6(4):
294–300.
55. Brownson DM, Azios NG, Fuqua BK,
Dharmawardhane SF, Mabry TJ. Flavonoid effects relevant to cancer. J Nutr.
2002 Nov;132(11 Suppl):3482S–9S.
56. Azios NG, Dharmawardhane SF. Resveratrol and estradiol exert disparate effects on cell migration, cell surface actin
structures, and focal adhesion assembly
in MDA-MB-231 human breast cancer
cells. Neoplasia 2005 Feb;7(2):128–40.
57. Azios NG, Krishnamoorthy L, Harris
M, Cubano LA, Cammer M, Dharmawardhane SF. Estrogen and resveratrol regulate Rac and Cdc42 signaling to the actin
cytoskeleton of metastatic breast cancer
cells. Neoplasia. 2007 Feb;9(2):147–58.
58. Castillo-Pichardo L, Cubano LA, Dharmawardhane S. Dietary grape polyphenol
resveratrol increases mammary tumor
growth and metastasis in immunocompromised mice. BMC Complement Altern
Med. 2013 Jan;13:6.
59. Garvin S, Ollinger K, Dabrosin C. Resveratrol induces apoptosis and inhibits
angiogenesis in human breast cancer
xenografts in vivo. Cancer Lett. 2006
Jan;231(1):113–22.
60. Provinciali M, Re F, Donnini A, Orlando F, Bartozzi B, Di Stasio G, et al. Effect of resveratrol on the development of
spontaneous mammary tumors in HER2/neu transgenic mice. Int J Cancer. 2005
May;115(1):36–45.
61. Bhat KP, Lantvit D, Christov K, Mehta
RG, Moon RC, Pezzuto JM. Estrogenic and
antiestrogenic properties of resveratrol
in mammary tumor models. Cancer Res.
2001 Oct;61(20):7456–63.
62. Banerjee S, Bueso-Ramos C, Aggarwal
BB. Suppression of 7,12-dimethylbenz(a)
anthracene-induced mammary carcinogenesis in rats by resveratrol: role of
nuclear factor-kappaB, cyclooxygenase
2, and matrix metalloprotease 9. Cancer
Res. 2002 Sep;62(17):4945–54.
63. Sato M, Pei RJ, Yuri T, Danbara N, Nakane Y, Tsubura A. Prepubertal resvera-

trol exposure accelerates N-methyl-N-nitrosourea-induced mammary carcinoma
in female Sprague-Dawley rats. Cancer
Lett. 2003 Dec;202(2):137–45.
64. Brown VA, Patel KR, Viskaduraki M,
Crowell JA, Perloff M, Booth TD, et al. Repeat dose study of the cancer chemopreventive agent resveratrol in healthy volunteers: safety, pharmacokinetics, and effect
on the insulin-like growth factor axis. Cancer Res. 2010 Nov;70(22):9003–11.
65. Nguyen AV, Martinez M, Stamos MJ,
Moyer MP, Planutis K, Hope C, et al. Results of a phase I pilot clinical trial examining the effect of plant-derived resveratrol and grape powder on Wnt pathway
target gene expression in colonic mucosa
and colon cancer. Cancer Manag Res.
2009 Apr;1:25–37.
66. Horvathova K, Novotny L, Vachalkova
A. The free radical scavenging activity of
four flavonoids determined by the comet
assay. Neoplasma. 2003;50(4):291–5.
67. Duo J, Ying GG, Wang GW, Zhang L.
Quercetin inhibits human breast cancer
cell proliferation and induces apoptosis
via Bcl-2 and Bax regulation. Mol Med
Rep. 2012 Jun;5(6):1453–6.
68. van der Woude H, Ter Veld MG, Jacobs
N, van der Saag PT, Murk AJ, Rietjens
IM. The stimulation of cell proliferation
by quercetin is mediated by the estrogen receptor. Mol Nutr Food Res. 2005
Aug;49(8):763–71.
69. Chou CC, Yang JS, Lu HF, Ip SW, Lo C,
Wu CC, et al. Quercetin-mediated cell cycle arrest and apoptosis involving activation of a caspase cascade through the
mitochondrial pathway in human breast
cancer MCF-7 cells. Arch Pharm Res.
2010 Aug;33(8):1181–91.
70. Dechsupa S, Kothan S, Vergote J, Leger
G, Martineau A, Berangeo S, et al. Quercetin, Siamois 1 and Siamois 2 induce apoptosis in human breast cancer MDAmB-435 cells xenograft in vivo. Cancer
Biol Ther. 2007 Jan;6(1);56–61.
71. Vargas AJ, Burd R. Hormesis and
synergy: pathways and mechanisms of
quercetin in cancer prevention and management. Nutr Rev. 2010 Jul;68(7):418–
28.
72. Camargo CA, da Silva ME, da Silva RA,
Justo GZ, Gomes-Marcondes MC, Aoyama H. Inhibition of tumor growth by
quercetin with increase of survival and
prevention of cachexia in Walker 256 tumor-bearing rats. Biochem Biophys Res
Commun. 2011 Mar;406(4):638–42.

Licensee OA Publishing London 2013. Creative Commons Attribution License (CC-BY)

For citation purposes: Castillo-Pichardo L, Rivera-Rivera A, Dharmawardhane S. Potential of grape polyphenols as breast
cancer therapeutics. OA Alternative Medicine 2013 Apr 01;1(1):9.

Competing interests: none declared. Conflict of interests: none declared.
All authors contributed to conception and design, manuscript preparation, read and approved the final manuscript.
All authors abide by the Association for Medical Ethics (AME) ethical rules of disclosure.

Review

Page 9 of 9

73. Senthilkumar K, Arunkumar R, Elumalai P, Sharmila G, Gunadharini DN,
Banudevi S, et al. Quercetin inhibits invasion, migration and signalling molecules
involved in cell survival and proliferation
of prostate cancer cell line (PC-3). Cell
Biochem Funct. 2011 Mar;29(2):87–95.
74. Murakami A, Ashida H, Terao J. Multitargeted cancer prevention by quercetin.
Cancer Lett. 2008 Oct;269(2):315–25.
75. Gulati N, Laudet B, Zohrabian VM, Murali R, Jhanwar-Uniyal M. The antiproliferative effect of quercetin in cancer cells
is mediated via inhibition of the PI3KAkt/PKB pathway. Anticancer Res. 2006
Mar–Apr;26(2A):1177–81.
76. Walker EH, Pacold ME, Perisic O,
Stephens L, Hawkins PT, Wymann MP,
et al. Structural determinants of phosphoinositide 3-kinase inhibition by
wortmannin, LY294002, quercetin, myricetin, and staurosporine. Mol Cell. 2000
Oct;6(4):909–19.
77. Li SZ, Li K, Zhang JH, Dong Z. The effect of quercetin on doxorubicin cytotoxicity in human breast cancer cells.
Anticancer Agents Med Chem. 2013
Feb;13(2):352–5.
78. Yilmaz Y, Toledo RT. Major flavonoids in grape seeds and skins: antioxidant capacity of catechin, epicatechin,
and gallic acid. J Agric Food Chem. 2004
Jan;52(2):255–60.
79. Ebeler SE, Brenneman CA, Kim GS,
Jewell WT, Webb MR, Chacon-Rodriguez
L, et al. Dietary catechin delays tumor
onset in a transgenic mouse model. Am J
Clin Nutr. 2002 Oct;76(4):865–72.
80. Alshatwi AA. Catechin hydrate suppresses MCF-7 proliferation through
TP53/Caspase-mediated apoptosis. J Exp
Clin Cancer Res. 2010 Dec;29:167.
81. Wen W, Lu J, Zhang K, Chen S. Grape
seed extract inhibits angiogenesis via
suppression of the vascular endothelial growth factor receptor signaling
pathway. Cancer Prev Res (Phila). 2008
Dec;1(7):554–61.
82. Laplante M, Sabatini DM. Regulation of mTORC1 and its impact on gene
expression at a glance. J Cell Sci. 2013
Apr;126(Pt 8):1713–9.
83. Martin LA, André F, Campone M,
Bachelot T, Jerusalem G. mTOR inhibitors in advanced breast cancer: ready
for prime time? Cancer Treat Rev. 2013
Nov;39(7):742–52.
84. Hawley SA, Ross FA, Chevtzoff C,
Green KA, Evans A, Fogarty S, et al. Use

of cells expressing gamma subunit variants to identify diverse mechanisms
of AMPK activation. Cell Metab. 2010
Jun;11(6):554–65.
85. Mihaylova MM, Shaw RJ. The AMPK
signalling pathway coordinates cell
growth, autophagy and metabolism. Nat
Cell Biol. 2011 Sep;13(9):1016–23.
86. Provenzano A, Kurian S, Abraham
J. Overcoming endocrine resistance in
breast cancer: role of the PI3K and the
mTOR pathways. Expert Rev Anticancer
Ther. 2013 Feb;13(2):143–7.
87. Valachis A, Nearchou A, Polyzos NP,
Lind P. Cardiac toxicity in breast cancer
patients treated with dual HER2 blockade. Int J Cancer. 2013 Nov;133(9);2245–
52.
88. Gollucke AP, Aguiar O Jr., Barbisan
LF, Ribeiro DA. Use of grape polyphenols
against carcinogenesis: putative molecular mechanisms of action using in vitro
and in vivo test systems. J Med Food.
2013 Mar;16(3):199–205.
89. Scalbert A, Williamson G. Dietary intake and bioavailability of polyphenols. J
Nutr. 2000 Aug;130(8S Suppl):2073S–85S.
90. Baur JA, Sinclair DA. Therapeutic potential of resveratrol: the in vivo
evidence. Nat Rev Drug Discov. 2006
Jun;5(6):493–506.
91. de Vries JH, Hollman PC, van Amersfoort I, Olthof MR, Katan MB. Red wine is
a poor source of bioavailable flavonols in
men. J Nutr. 2001 Mar;131(3):745–8.
92. Manach C, Williamson G, Morand C,
Scalbert A, Rémésy C. Bioavailability and
bioefficacy of polyphenols in humans. I.
Review of 97 bioavailability studies. Am
J Clin Nutr. 2005 Jan;81(1 Suppl):230S–
42S.
93. Kapetanovic IM, Muzzio M, Huang
Z, Thompson TN, McCormick DL. Pharmacokinetics, oral bioavailability, and
metabolic profile of resveratrol and its
dimethylether analog, pterostilbene, in
rats. Cancer Chemother Pharmacol. 2011
Sep;68(3):593–601.
94. Janle EM, Lila MA, Grannan M, Wood
L, Higgins A, Yousef GG, et al. Pharmacokinetics and tissue distribution of
14C-labeled grape polyphenols in the
periphery and the central nervous system following oral administration. J Med
Food. 2010 Aug;13(4):926–33.
95. Pérez-Jiménez J, Hubert J, Hooper
L, Cassidy A, Manach C, Williamson G,
et al. Urinary metabolites as biomarkers of polyphenol intake in humans: a

systematic review. Am J Clin Nutr. 2010
Oct;92(4):801–9.
96. Gao S, Hu M. Bioavailability challenges associated with development of anticancer phenolics. Mini Rev Med Chem.
2010 Jun;10(6):550–67.
97. Yang CS, Sang S, Lambert JD, Lee
MJ. Bioavailability issues in studying
the health effects of plant polyphenolic
compounds. Mol Nutr Food Res. 2008
Jun;52 Suppl 1:S139–51.
98. Santos AC, Veiga F, Ribeiro AJ. New
delivery systems to improve the bioavailability of resveratrol. Expert Opin Drug
Deliv. 2011 Aug;8(8):973–90.
99. Gupta NK, Dixit VK. Absorption enhancement of grape seed polyphenols by
complexation with phosphatidyl choline.
Drug Deliv. 2011 Jul;18(5):312–9.
100. Jeong SH, Song IS, Kim HK, Lee SR,
Song S, Suh H, et al. An analogue of resveratrol HS-1793 exhibits anticancer
activity against MCF-7 cells via inhibition of mitochondrial biogenesis gene
expression. Mol Cells. 2012 Oct;34(4):
357–65.
101. Zhang H, Zhang M, Yu L, Zhao Y, He N,
Yang X. Antitumor activities of quercetin
and quercetin-5¢,8-disulfonate in human
colon and breast cancer cell lines. Food
Chem Toxicol. 2012 May;50(5):1589–99.
102. Manach C, Scalbert A, Morand C,
Rémésy C, Jiménez L. Polyphenols: food
sources and bioavailability. Am J Clin
Nutr. 2004 May;79(5):727–47.
103. Landete JM. Updated knowledge
about polyphenols: functions, bioavailability, metabolism, and health. Crit Rev
Food Sci Nutr. 2012;52(10):936–48.
104. Cimino S, Sortino G, Favilla V, Castelli T, Madonia M, Sansalone S, et al.
Polyphenols: key issues involved in
chemoprevention of prostate cancer. Oxid
Med Cell Longev. 2012;2012:632959.
105. Walle T. Bioavailability of resveratrol. Ann NY Acad Sci. 2011 Jan;1215:9–
15.
106. Newcomb PA, Nichols HB, Beasley
JM, Egan K, Titus-Ernstoff L, Hampton JM,
et al. No difference between red wine or
white wine consumption and breast cancer risk. Cancer Epidemiol Biomarkers
Prev. 2009 Mar;18(3):1007–10.
107. Shufelt C, Merz CN, Yang Y, Kirschner J, Polk D, Stanczyk F, et al. Red versus
white wine as a nutritional aromatase inhibitor in premenopausal women: a pilot
study. J Womens Health (Larchmt.) 2012
Mar;21(3):281–4.

Licensee OA Publishing London 2013. Creative Commons Attribution License (CC-BY)

For citation purposes: Castillo-Pichardo L, Rivera-Rivera A, Dharmawardhane S. Potential of grape polyphenols as breast
cancer therapeutics. OA Alternative Medicine 2013 Apr 01;1(1):9.

Competing interests: none declared. Conflict of interests: none declared.
All authors contributed to conception and design, manuscript preparation, read and approved the final manuscript.
All authors abide by the Association for Medical Ethics (AME) ethical rules of disclosure.

Review

