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Abstract

Punica granatum has a recorded history of pharmacological

properties which can be attributed to its rich reservoir of phy-

tochemicals. Investigations in recent years have established its

tremendous potential as an antitumorogenic agent against

various cancers including breast cancer, which is the second

leading cause of cancer-related deaths in women. The plausi-

ble role of Punica as a therapeutic agent, as an adjuvant in

chemotherapy, and its dietary implications as chemopreven-

tive agent in breast cancer have been explored. Mechanistic

studies have revealed that Punica extracts and its compo-

nents, individually or in combination, can modulate and target

key proteins and genes involved in breast cancer. Our earlier

finding also demonstrated the role of methanolic extract of

pomegranate pericarp in reducing proliferation in breast can-

cer by binding to estrogen receptor at the same time not

affecting uterine weight unlike estradiol or tamoxifen. This

review analyses other plausible mechanisms of Punica in pre-

venting the progression of breast cancer and how it can possi-

bly be a therapeutic agent by acting at various steps of

carcinogenesis including proliferation, invasion, migration,

metastasis, angiogenesis, and inflammation via various molec-

ular mechanisms. VC 2015 BioFactors, 41(2):78–89, 2015
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1. Introduction
Punica granatum has a vast ethnomedical history and repre-
sents a reservoir of phytochemicals with high medicinal val-
ues. The different anatomical compartments of the tree, that
is, fruit, seed, juice, peel, leaf, flower, bark, and roots, are
known to have varied pharmacological activities and extracts
of these parts are known to target a wide range of diseases
including cardiovascular disorders, diabetes, male infertility,
Alzheimer’s disease, and AIDS [1]. Studies have shown that
the extracts of the parts of the fruit also possess anticancer
activity. The mechanisms of action are diverse and include
interference with tumor cell proliferation, cell cycle, invasion,

and inhibition of angiogenesis. Pomegranate is a fruit abun-
dant in polyphenols, hydrolysable tannins punicalagin, pedin-
culgin, punicallin gallic and ellagic acids, esters of glucose
anthocyanins and other polyphenols, and anthocynidins such
as delphinidin, cyanidin, and pelargonidin. The concentration
of polyphenols in pomegranate (3.8 mg/mL gallic acid equiva-
lents) is observed to be higher than in any other fruit juice, for
example, grape, blueberry, black cherry, apple, cranberry, or
orange (0.46–2.6 mg/mL of gallic acid equivalents) [2]. Thera-
peutically significant constituents of pomegranate include ella-
gic acid, ellagitannins (including punicalagins), punicic acid,
flavanoids, anthocyanidins, anthocyanins, and estrogenic flavo-
nols and flavones.

Evidences suggest that pomegranate extracts act against
multiple human carcinoma, one of which is breast cancer, a
highly heterogeneous disease and the fifth cause of death from
cancer worldwide (globocan). Breast cancer is classified into
different molecular subtypes. Studies have clearly shown that
these cancer cells respond differently to the treatments
depending on the molecular subtypes, pathways, and genomic
aberrations when subjected to pathway-targeted therapy [3].
Current targets for breast cancer depend on its subtypes and
the molecular targets of targeted therapy include tyrosine
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kinases, which encompass receptors like HER1, HER2, HER3,
IGF receptor (IGFR), C-MET, FGF receptor (FGFR); molecules
relevant to intracellular signaling pathways, such as PI3K,
AKT, mammalian target of rapamycin (mTOR), and ERK; those
that are involved in angiogenesis molecules associated with
DNA repair and evading death by chemotherapeutic drugs [4];
and enzymes such as aromatase [5]. The chemotherapeutic
drugs currently in use have several side effects. Volumes of
research have demonstrated that phytochemicals present in
fruit and vegetables can also act as potent chemopreventive
agent. Hence, dietary modification could potentially be one of
the ways to combat the disease. Also, many plant parts, which
are not otherwise consumed, for example, the peel or the peri-
carp of certain fruits, have similar potent phytochemicals
which can possibly be isolated and translated into marketable
drugs. A few of the studies have pointed to relevance of these
phytochemicals in overcoming multidrug resistance, which is a
limiting factor in drug-based cancer treatments. A great deal
of research, therefore, is currently focused on finding alterna-
tives that have minimal side effects but lend themselves for
use in the much-effective targeted or combinatorial therapies.
Punica granatum or pomegranate is one such potential candi-
date. The plant has been shown, in several studies, to contain
phytochemicals that target multiple molecules involved in vari-
ous steps of carcinogenesis, making them potential candidates
for use in targeted breast cancer therapies. The potent anti-
cancer phytochemicals include tannins such as ellagic acid,

gallic acid, punicalagin; flavanoids including flavones, flavanol,
anthocynanidins, flavan-3-ols; alkaloids such as piperidines
and pyrrolidines and organic acids like punicic acid and lino-
leic acid [6]. Many of these components, individually, or in
combination as well as in the form of extract have been dem-
onstrated to be effective against breast cancer. The major
component of the juice and pericarp of Punica are polyphenols
like anthocyanins such as delphinidin, cyanidin, and pelargoni-
din, which give the juice its red color [7], besides hydrolyzable
tannins, such as punicalagin and gallagic acid [8,9]. Other pol-
yphenolic components of potential interest include kaempferol,
quercetin, and luteolin [10,11]. The seed oil, which comprises
65–80% conjugated fatty acids, also contains many compounds
of interest with known anticancer activities. The predominant
among these fatty acids is punicic acid [12,13], which has been
proven to be effective against breast cancer.

This review focuses mainly on the potential of Punica extracts
in fighting breast cancer, its ability to inhibit and interfere with
steps that are of paramount importance to breast tumor progres-
sion from proliferation of the tumor to its migration, invasion,
metastasis, angiogenesis, and inflammation as Fig. 1 indicates.

2. Breast Cancer
Phytochemicals are one of the most important class of com-
pounds in the human diet which have gained traction in the

Implication of Punica extract in breast cancer: Punica extract or its components individually or in combination is found to

reduce proliferation, invasion, migration, angiogenesis, and its metastasis to various tissues.FIG 1
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therapeutic field because of their pivotal role in human health,
their abundance, and lack of toxicity. Phytochemicals encom-
pass tannins, flavanoids, organic acids, and alkaloids. Ample
epidemiological data show that phytochemicals confer protec-
tion against different cancers including breast cancer [14–16].
Also few of these, such as soy phytochemicals, are understood
since long to have preventive action in breast cancer [17].
Many phytochemicals like genistein, curcumin, resveratol, and
epigallocatechin gallate are reported to act against breast can-
cer by interrupting or targeting intracellular signaling path-
ways [18]. Some of them are known to act as inhibitors of
enzymes involved in estrogen biosynthesis, while others act as
inhibitors of proliferation, migration, invasion, or angiogenesis.
Few phytochemicals are reported to act as phytoestrogens and
are known to modulate signal transduction via estrogen recep-
tors (alpha and beta), aryl hydrocarbon receptor, the pregnane
X-receptor, the constitutive androstane receptor, and the per-
oxisome proliferator-activated receptors (alpha and gamma)
and also are reported to influence transport proteins, kinases,
and enzymes like 11 beta-hydroxysteroid dehydrogenase, 1,17
beta-hydroxysteroid dehydrogenases, sulfatase, and sulfotrans-
ferase [19] They are also known to inhibit aromatases [20] and
estrone sulfatase [21]. Reports also suggest that phytochemi-
cals can inhibit CYP1B1 [22], an enzyme responsible for
metabolizing E2 to toxic substances like 4-OHE [23]. It has
been demonstrated that few flavanoids, a class of phytochemi-
cals, can also help in overcoming one of the primary obstacles
that limit the therapeutic efficacy of anticancer agents that is
the outcome of producing apoptotic defects in cancer cells by
targeting novel noncanonical cell death pathways [24,25]. A
few of this category of phytochemicals are also found to affect
epigenetic factors like HDAC [26] and thus disrupt chromatin
remodeling in breast tumor cells [27]. They are understood to
suppress triple negative breast cancer cells, a class of cell line
which has emerged as a challenge because of its poor progno-
sis [28–30]. Among the phytochemicals, studies have identified
some which can enhance the efficacy of chemotherapeutic
drugs by inhibiting ATP-binding cassette (ABC) transporters
like P-gp [31,32], ABCG2 [33–35], and MRP-1 [32], which are
relevant to multidrug resistance. Another interesting study
showed that flavanoids can suppress breast cancer stem cells
which are highly tumorigenic and possess the capacity to self-
renew by inhibiting NANOG, a gene associated with regulating
cancer stem cells and enhanced tumorigenicity [35]. Similarly,
studies pointing to the inhibition of ABCG2, which are also
proposed markers of stemness, is an indicator that phytochem-
icals may effectively reduce stem cell population in breast can-
cer. Thus, these different classes of phytochemicals, by differ-
ent mechanisms, are known to combat breast cancer. But
several phytochemicals have been shown to have biphasic
effect on cell survival, that is, they can aid inhibition as well as
proliferation of breast cancer cells, depending on the concen-
tration [36]. A major caveat for the effective action of phyto-
chemicals is their bioavailability and distribution to tissues and
organs which varies according to their category and might

depend on molecular size, polarity, and solubility [37]. For
these reasons, the effect of the treatment with flavanoids in
cultured cells might vary greatly when extended to in vivo
level. Hence, at the clinical level, further detailed studies on
the bioavailability and metabolism of flavanoids might be
required.

3. Punica granatum, a Plant with
Potential for Breast Cancer Prevention
and Treatment
Pomegranate extracts and their constituents are known to
exert their activity by diverse mechanisms and are known to
inhibit angiogenesis, proliferation, invasiveness, growth, and
also to induce apoptosis [1]. These extracts (juice, seed oil,
peel) individually and upon combinatorial treatment are
reported to inhibit tumor growth. Interestingly, the combinato-
rial treatment was found to be more effective than treatment
with single extract [38]. Several in vivo studies have also eluci-
dated the potential anticancer mechanism of the extracts
[8,39]. This review mainly emphasizes on the action of pome-
granate extracts against breast tumor and its progression.

3.1. Pomegranate, as a Source of Phytoestrogens
Estrogen exposure over a long term is associated with
increased risk of breast cancer. Although the precise mecha-
nisms are not understood, the theories hold that it act in estro-
gen receptor (ER)-dependent and ER-independent manner.
The postulates are estradiol (E2), acts via estrogen receptor
alpha (ERa), and further stimulates cell proliferation; it might
cause direct genotoxic effects by increasing mutation rates
through a cytochrome P450-mediated metabolic activation
[40], and also that it can cause induction of aneuploidy [41].
These cells proliferate further and over a period of time the
mutations accumulate to induce neoplastic transformation.
Laboratory and epidemiological data have demonstrated the
role of estrogen in breast cancer development [40]. So limiting
the exposure to estrogen by targeting ER, or by limiting the
synthesis of estrogen, may help in preventing estrogen carci-
nogenesis in breast cancer. Kim et al. [42] carried out an in
vitro study for assessment of the possible chemopreventive or
adjuvant therapeutic potential of different extracts of pome-
granate, which included fermented juice, aqueous pericarp
extract, and cold-pressed or supercritical CO2-extracted seed
oil, on human breast cancer cell line. The focus of the investi-
gation was the ability of these extracts to block endogenous
active estrogen biosynthesis. The fermented juice and pericarp
polyphenols, and whole seed oil were found to inhibit 17-b-
hydroxysteroid dehydrogenase type 1 (17 b HSD). This enzyme
is involved in the conversion of estrone (E1) to estradiol (E2)
and is expressed in many steroidogenic tissues and breast can-
cer cell lines [43]. Thus, inhibition of this enzyme is likely to
reduce estrogen carcinogenesis. The order of inhibitory poten-
tial of the extract was found to be as follows: seed
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oil> fermented juice polyphenols>pericarp polyphenols. The
inhibition of cell growth was found to vary with cell lines using
fermented juice and pericarp polyphenols, and the order was
found to be as follows: estrogen-dependent (MCF-7) >> estro-
gen independent (MB-MDA-231)>normal human breast epi-
thelial cells (MCF-10A). They also observed that polyphenols
from fermented juice, pericarp, and oil inhibited aromatase
activity by 60–80%. The research group further extended the
study to understand the potential chemopreventive efficacy of
purified fermented juice and also of whole pomegranate seed
oil. They observed that these purified extracts showed higher
reduction in tumor lesion than the crude extract of fermented
juice polyphenols [39]. In agreement with this study, another
investigation confirmed that ellagic acid derivatives isolated
from pomegranate were potent inhibitors of aromatase [44].
Studies have demonstrated that ellagic acid, a major compo-
nent in Punica, inhibits the cell proliferation induced by estra-
diol, and also that it increases the expression of c-fos and pS2.
The expression was higher in comparison with estradiol treat-
ment and was therefore an indicator of ER-mediated mecha-
nism in MCF-7 [45]. Our investigation [46] on the tissue-
specific estrogenic/antiestrogenic activity of methanol extract
of pomegranate pericarp on different cell lines, including
human breast (MCF-7, MDA MB-231) and normal breast fibro-
blast (MCF-10A) cells, suggested that the extract had ER-
dependent activity. Competitive radioactive binding studies
carried out confirmed that the methanolic extract of pome-
granate pericarp interacts with ER and competes with estra-
diol to bind to ER and also that it suppresses the growth and
proliferation of ER-positive breast cancer cells (as illustrated
in Fig. 2) and also it did not increase uterine weight unlike
estradiol or tamoxifen. The major conclusion of the study was
that the extract displays a SERM profile. Most of the findings

therefore indicate that pomegranate extracts can act as potent
phytoestrogens and act via various means to reduce estrogen
carcinogenesis, while few other studies demonstrated their
proliferative activity leading to conclusion that the extracts
have a concentration-dependent action on breast cancer. Fur-
ther studies based on the same might be required to establish
the range of concentration required for its antitumor activity
against breast cancer.

3.2. Cyclooxygenase Inhibition
Early investigations into the antioxidant property of pomegran-
ate have proven that fermented pomegranate juice and cold-
pressed seed oil to are powerful antioxidants [47]. This free
radical scavenging property might play a plausible inhibitory
role in the initial stages of carcinogenesis. The same study
demonstrated that cold-pressed pomegranate seed oil could
also inhibit sheep cyclooxygenases, by around 31–41%. Out of
the two isoforms of cyclooxygenases, COX1 is expressed in all
human cells while COX2 is not expressed under normal condi-
tions. Importantly, COX2 is found to be overexpressed in
breast cancer [48] and its enforced overexpression in mam-
mary gland epithelia of transgenic mice is found to result in
breast tumor development [49]. It is also involved in breast
cancer metastasis to bone [50] and reported to reduce Ki-67-
positive cells, an indicator of proliferation [51]. One of the
recent researches elucidates relevance of COX2 in EMT transi-
tion and invasiveness [52]. COX2 downregulation can also
cause downregulation of aromatase because it catalyses the
rate-limiting step in the synthesis of prostaglandin, including
prostaglandin E2 (PGE2), which is found to downregulate aro-
matase [7]. Hence, COX2 can be considered to be a relevant
candidate for targeted therapy. Stronger evidences were
obtained with the finding that plasma isolated after oral inges-
tion of pomegranate fruit extract could inhibit both the COX
enzymes ex vivo, the effect being more pronounced in the case
of COX2 [53]. This further proved the potential of the metabo-
lites present in plasma. More evidences are required to prove
whether COX2 inhibition by pomegranate-derived components
can cause a reduction in the proliferation of human breast
cancer cells. Considering the relevance of COX2 in breast can-
cer, the COX2 inhibitory activity of pomegranate extract war-
rants more attention.

3.3. Migration, Invasion, and Metastasis
Of all the processes involved in carcinogenesis, local invasion
and metastasis are clinically the most relevant and difficult to
target. Excitingly, pomegranate appears to contain compo-
nents capable of suppressing tumor cell invasion. Cold-pressed
pomegranate seed oil was found to inhibit the invasion of
MCF-7 human breast cancer cells in vitro across an artificial
MatrigelTM membrane at doses less than 10 mg/mL [42]. Fur-
ther investigations by Khan et al. [54] in breast cancer aggres-
sive cell lines MDA-MB231 and SUM149, both of which are
ER- and progesterone receptor (PR)-negative cell lines, illus-
trated that pomegranate fruit extract consisting of fermented
juice and seed of pomegranate modulates NFj-B. In

Competetive binding of methanolic extract of pome-

granate (PME) and estrogen to ER. Punica extracts

can compete with estradiol (E2) to bind to estrogen

receptor (ER) and thus have a plausible role in reduc-

ing estrogen carcinogenesis.

FIG 2
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agreement with this observation, another investigation also
demonstrated that pomegranate extract can downregulate SP1
which regulates NF kb through GC-rich binding site in NF-jB
p65 subunit [55]. This transcription factor is involved in the
regulation of cell survival, proliferation, tumorigenesis, and
inflammation; hence, its regulation is vital. The extract also
decreased the expression of RhoC and RhoA, proteins that are
involved in cell motility. There are also evolving data on the
crosstalk between NFjb and RhoC interaction [54]. A possible
role of pomegranate extract in this interactive pathway is
hypothesized by this research group. The bioactive constitu-
ents were mainly found to be ellagitannins and phenolic acids
in the aqueous extract and conjugated octadecatrienoic acids
in the lipid phase of pomegranate fruit extract derived from
seeds. This study also helps to conclude that antimetastatic
potential is not ER or PR dependent. Another research [56] in
concurrence with this observation found a reduction in HMMR,
a molecule that functions as a hyaluronan (HA) receptor which
upon binding to HA causes stimulation of RhoA-activated pro-
tein kinases (ROCK) signal transduction pathway, leading to
tumor. These results clearly suggest a role of these extracts in
lowering the metastatic potential of aggressive breast cancer
species. Interestingly, it was also found that pomegranate
juice, or a combination of its components luteolin and ellagic
acid, along with punicic acid (L 1 E 1 P) increase cancer cell
adhesion by stimulating intercellular adhesion molecule-1
(ICAM-1), and myristoylated alanine-rich protein kinase C sub-
strate (MARCKS) and upregulating E-cadherin. Both of these
could also downregulate N-chimearin, which results in the loss
of filopodia and reduced migration, as well as anillin and nex-
illin, actin-binding proteins that are known to be involved in
the regulation of the structure of the cytoskeleton [56]. This
combination of L 1 E 1 P was found to decrease the expression
of TWIST, another gene involved in three epithelial-to-
mesenchymal transition. These components also inhibited che-
motaxis of the breast cancer cells to SDF1a, a chemokine that
attracts breast cancer cells to the bone. All of the investiga-
tions connote the relevance of pomegranate extracts in pro-
moting migration, invasion, and metastasis of breast cancer by
different mechanisms.

3.4. Inhibition of Angiogenesis
The initiation and the development of new blood vessels
(angiogenesis) are essential for supplying oxygen and nutrients
for tumor growth and metastasis. The number of these blood
vessels formed can be one of the deciding factors for a
patient’s prognosis [57]. For this reason, it is one of the main
pharmacological targets both for the treatment of cancer.
Interestingly, studies indicate that pomegranate extract pos-
sesses the ability to inhibit angiogenesis. Proangiogenic vascu-
lar endothelial growth factor (VEGF) was found to be potently
downregulated in MCF-7, less so in MDA-MB-231 breast can-
cer cells [58] and most strongly in MCF-10A immortalized nor-
mal breast epithelial cells upon treatment with fermented
pomegranate juice and supercritical CO2-extracted pomegran-

ate seed oil, and only mildly so by pomegranate peel extract
and pressed pomegranate seed oil. The study also observed
that the antiangiogenic migration inhibitory factor (MIF) was
potently upregulated in MDA-MB-231 cells by fermented
pomegranate juice and supercritical CO2-extracted pomegran-
ate seed oil. In concurrence with the study, a recent investiga-
tion observed a downregulation of SP transcription factors
(SP1, SP3, SP4) and the genes regulated by these factors,
VEGF, VEGFR, and survivin [55]. Survivin is a multifunctional
protein that controls cell proliferation, apoptosis, and the pro-
motion of angiogenesis [59]. Survivin is found to be overex-
pressed in breast cancer and is associated with poor survival
in breast cancer patients [60]. Hence, it has apparently sur-
faced as a hot target for therapy. Punica can therefore inhibit
angiogenesis via survivin. Another interesting research
observes that Punica could downregulate IL-8, one of the che-
mokines/proteins [56] released by tumor cells to promote
angiogenesis [61]. This implies that Punica extracts can possi-
bly prevent angiogenesis from its root. Though not many stud-
ies have been carried out in this area, this study unravels the
potential of Punica extracts in preventing angiogenesis, a criti-
cal step in tumor progression.

3.5. Cell Survival and Proliferation
The ability to selectively inhibit proliferation of malignant, but
not normal cells, is the hallmark of a promising anticancer
therapeutic agent. Strikingly, pomegranate peel extracts have
been reported to retard proliferation of cells in several differ-
ent human cancer cell lines, including breast cancer cell lines
[8]. Investigations have revealed that fermented pomegranate
juice and pomegranate peel extract had most pronounced
effect against estrogen-responsive MCF-7 cells, less so in
estrogen-negative MDA-MB-231 cells, and was least effective
against immortalized normal breast epithelial cells MCF-10A
[42,58]. The study reported that the antiproliferative activity of
fermented polyphenol of pomegranate was twice that of fresh
pomegranate juice in both of these cell lines [42]. This pins
down the conclusion that the inhibition of proliferation can be
both by ER-dependent and ER-independent mechanisms. The
study illustrated that pomegranate fermented juice could
inhibit cancerous lesion induced by the carcinogen 7,12-dime-
thylbenz[a] anthracene (DMBA) in murine mammary gland
organ culture. These studies suggest that whole, complex
pomegranate products possess potential antiproliferative activ-
ity against breast cancer cells. The outcome of the investiga-
tion by Adams et al. [44] on the effect of ellagic acid deriva-
tives isolated from pomegranate on breast cancer cells was in
concurrence with the earlier studies, thus giving a stronger
evidence on antiproliferative activity of pomegranate extracts.
Furthermore, research has also revealed that pomegranate
extract can also act via downregulating microRNAs155 and
27a and upregulating ZBTB10, which is sp-repressor [55]. The
same study showed that pomegranate extract downregulated
NF-kB in agreement with earlier investigation by Khan et al.
[54]. In addition, the authors showed that pomegranate extract
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significantly decreased specificity protein (Sp) transcription fac-
tors (Sp1, Sp3, Sp4), which, as mentioned earlier, are involved
in regulating genes involved in proliferation, survival, and
angiogenesis in cancer cells. The same research group had ear-
lier shown that these transcription factors are targets of mi
RNA 27a for which ZBTB10 acts as repressor [62]. So the
results obtained upon treatment with the extract are in accord-
ance with this finding. Also it has been reported that decreased
expression of sp proteins specifically SP1 is associated with
reduced expression of ER alpha in ER-alpha-positive cell line
MCF-7 [63]. This reduced availability of ER-alpha receptors can
probably reduce carcinogenicity arising out of gene activation
associated with binding of estrogen with ER-alpha receptor.

In addition, pomegranate extracts increased the expres-
sion of miR-155 target gene, inositol 50-phosphatase SHIP-1, a
critical negative regulator of phosphatidylinositol-3,4,5-
trisphosphate (PI3K)/AKT signaling pathway, which promotes
cell proliferation and survival and is commonly activated in
various tumors [55]. The investigators extended their study to
understand the clinical relevance of the cytotoxic activities of
pomegranate extract by constructing an orthotopic model of
breast cancer by using BT474 cells as xenografts in an athy-
mic female nude mice. The results were very much in agree-
ment with that obtained with in vitro treatments. A very recent
research also illustrated the antiproliferative potential of
pomegranate on breast cancer cells by performing cell viability
assays [64].

Another finding of this study was that the extract could
delay cell growth. Thus, studies on cell viability and prolifera-
tion emphasize the capability of pomegranate extract in sup-

pressing these activities in breast cancer. Punica extracts can
modulate varied proteins and genes resulting in inhibition of
multiple steps in carcinogenesis. For instance, downregulation
of survivin via miRNA27a can reduce angiogenesis as well as
proliferation. This network is illustrated in Fig. 3.

3.6. Inflammation
Chronic inflammation is known to cause cancer. Inflammation
is understood to play a prominent role in cancer progression
also. It helps tumor cells to circumvent the host immune
response as well as to facilitate its growth and also aids in the
process of angiogenesis, metastasis, invasion, and o forth by
inducing effector molecules like MMPs [65]. Suppressing the
cytokines and chemokines might therefore reduce the chances
of survival of tumor cells. Pomegranate extract was demon-
strated to have this action. A few of the proinflammatory cyto-
kines/chemokines associated with cancer progression and
metastasis were found to be downregulated upon exposure to
pomegranate extract or the combination of punicic acid, ellagi-
tannins, and luteolin. The levels of IL-8, a leukocyte chemoat-
tractant RANTES, a chemotactic factor for T cells, monocytes,
and dendritic cells, and PDGFB, mitogenic and proangiogenic
factor were observed to be significantly reduced in both ER-
positive and ER-negative cells. These point out to the possibil-
ity of Punica’s potential to decrease inflammation and its
impact on cancer progression [56].

3.7. Cell Cycle Regulation and Apoptosis
Apoptosis aids mature cells to establish a balance between cell
death and renewal and helps to remove damaged or excess

Molecular targets of PE leading to reduction of proliferation and angiogenesis. Punica extract (PE) can modulate proteins and

genes to reduce proliferation and angiogenesis.FIG 3
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cells. Cancer cells often tend to have reduced apoptosis.
Hence, the induction of apoptosis is one of the ways cancer
therapies work. Pomegranate extracts have been reported to
induce apoptosis. A major component of Punica extract, ellagic
acid, has been found to induce apoptosis in MDA MB 231 cell
lines via intrinsic pathway and decrease the expression of bcl-
xL. But this was not the case observed with ellagic acid on
MCF-7 [45]. Another component, ursolic acid, in the seed of
pomegranate was also found to cause apoptosis in MCF-7 cells
via P53 [66]. This protein or tumor repressor can activate the
transcription of the genes like p21WAF1 and Bax involved in
the apoptotic process. It follows that ellagic acid and ursolic
acid might be two components responsible for inducing apo-
ptosis. Studies with the extract as a whole also have produced
positive results with regard to apoptosis. Around 50 mg/mL
pomegranate seed oil led to 54% greater extent of apoptosis in
MDA-MB-435 estrogen receptor negative, metastatic human
breast cancer cells [42]. Adding evidence to the apoptotic
potential was an investigation that demonstrated that pome-
granate fruit extract could induce twofold to threefold apopto-
sis in aggressive cell lines like MDA MB 231 and SUM14 in
comparison with MCF-10A [54]. Supporting this finding is an
investigation showing reduced cell viability in a concentration-
dependent manner and accompanied by caspase-3 activation
and cleavage of poly(ADP-ribose)-polymerase-1 (PARP-1) in
breast cancer cells when compared with normal breast cell
line [55]. Supplementing this was another research demon-
strating that pomegranate extract and punic acid derived from
pomegranate induced apoptosis in both breast cancer cell line
(MDA-MB-231) and an estrogen-sensitive cell line developed
from MDA-MB-231 cells (MDA-ERalpha7) through lipid peroxi-
dation and the protein kinase C (PKC) signaling pathway [67].
They were also found to cause disruption of cellular mitochon-
drial membrane [67]. As mentioned earlier in this review,
pomegranate extracts have been shown to downregulate NF-
jb, which is likely to sensitize cells to apoptosis. Several genes
known to function via blocking apoptosis pathways like Bcl-2,
Bcl-XL, CIAP, survivin, TRAF1, and TRAF2 have understood
to be regulated by NF-kB [61]. This marks another molecular
mechanism responsible for apoptosis. Recent investigations
into the effect of pomegranate extract on breast cancer line
MCF-7 also proved that pomegranate extract treatment could
lead to apoptosis [64]. The loss of cell cycle regulation is the
hallmark of cancer. Dysregulation of the cell cycle checkpoint
leads to overexpression of growth-promoting proteins eventu-
ating in tumorigenesis. Few researches have shown that
pomegranate extract is associated with blocking this deregu-
lation. A study demonstrated that the extract could cause G0/
G1 arrest in mouse mammary cell line [68]. Another investi-
gation illustrated that pomegranate extract could induce G2/
M arrest in MCF-7 cell line [64]. Earlier studies have shown
that miRNA27a reduction with antisense miRNA27a and
ZBTB10 overexpression both cause a GO/G1 to S phase arrest
in MCF-7. The case was different with MDA-MB 231, miR-
NA27a reduction caused a G2-M arrest and ZBTB10 overex-

pression caused G0/G1 to S phase arrest. G2-M arrest upon
reduction in miRNA27a was attributed to the increased
expression of Myt-1, a target of miRNA27a, and a G2-M regu-
lation [7]. However, a G0/G1 to S phase arrest in both the
treatments, that is, transfection with antisense miRNA27a
and ZBTB10 overexpression, attributed to insufficient induc-
tion of the gene and dominance to ZBTB10/Sp1-regulated
response. A possible explanation for the G2-M arrest in MCF-
7 may be dominance activation of Myt-1 upon treatment with
pomegranate extract. But this requires further studies.
Researchers have thus proven the ability of pomegranate
extract in inducing apoptosis, which is otherwise reduced in
cancer cells.

3.8. DNA Damage and Repair Machinery
DNA repair pathways can reduce the efficacy of chemothera-
peutic drugs by aiding in the survival of tumor. Thus, combi-
nation therapy, targeting specific DNA repair pathway, along
with chemotherapeutic drugs, might be beneficial. Microarray
studies on genes upon treatment with pomegranate extract
showed a downregulation of genes involved in DNA damage
response and repair, including MRE11, RAD50, NBS1, RAD51,
BRCA1, BRCA2, RCC3, and MSH6 [64]. An interesting observa-
tion was that most of the downregulated DNA repair genes
specifically targeted homologous recombination genes and
thereby sensitized cells to DSBs, cell cycle arrest, and apopto-
sis. This investigation is the first of its kind and throws light on
the effect of pomegranate extract on DNA repair mechanism
in breast cancer cell lines, proving that it can potentially be
effective in combinatorial therapies.

3.9. Inhibition of Proliferation of Mammary Cancer
Stem Cells
An investigation [68] related to the study of the effects of a
standardized extract of pomegranate on a mouse mammary
cancer cell line WA4 derived from mouse MMTV-Wnt-1 mam-
mary tumors characterized to contain a major proportion of
cells possessing stem cell characteristics reported that the
extract inhibited the proliferation of WA4 cells in a time- and
concentration-dependent manner. This was found to be due to
an arrest of cell cycle progression in the G0/G1 phase. Several
individual phytochemicals derived from the extract of pome-
granate, like caffeic acid, ellagic acid, ursolic acid, and luteo-
lin, were tested on WA4 cells of which all the components
except caffeic acid were found to reduce proliferation and via-
bility in a time- and concentration-dependent manner, sug-
gesting that they contribute to the inhibitory effect of pome-
granate extract. Cancer stem cells, which are highly resistant
to conventional chemotherapeutic agents, are thought to be
the origin of both primary and secondary breast tumors, and
thus are a critical target in both breast cancer therapy and
prevention. These data imply that pomegranate extract, a pro-
ven and safe dietary supplement, can prevent the proliferation
of cancer stem cells and thus further aid in the treatment of
breast cancer as well as possibly reduce the relapse of the dis-
ease [68].
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3.10. Punica as an Adjuvant in Chemotherapy
Multidrug resistance is major hindrance to chemotherapy in
all cancers and is relevant to breast cancer as well. Overcom-
ing this problem will make chemotherapy more effective. ATP-
binding cassette transporters (ABC) like P-gp, ABCG2, and
MRP1 are significant with respect to breast cancer [69]. A
recent report demonstrates that pomegranate could downreg-
ulate survivin mRNA as well as its protein, as mentioned ear-
lier in this review [55]. Survivin is associated with chemother-
apy resistance and specifically with MRP1/p-gp overexpression
[59]. Thus, this might be an indicatory result to highlight the
importance of pomegranate extracts pertaining to chemother-
apy resistance. Quericitin, a component in the juice and peri-
carp of pomegranate, has long ago been reported to reverse
adriamycin (ADR) resistance on MCF-7 ADR-resistant human
breast cancer cells in a dose-dependent manner, and this
study also pointed out a possible mechanism of inhibition of p-
gp by cytofluorographic efflux experiments with the fluores-
cent dye rhodamine 123 (Rh 123) [70]. Similarly, kaempferol
present in the pericarp of pomegranate is reported to be a P-
glycoprotein inhibitor. Kitagawa et al. [10] showed that
kaempferol (at 100 lM) increased rhodamine 123 accumula-
tion in P-gp-overexpressing KB-C2 cells more than twofold.
The kaempferol or the extract might aid in chemotherapy by
inhibiting the pump responsible for drug efflux and increase
localization of drug inside the cell. Punica therefore has poten-
tial as an adjuvant in chemotherapy and in increasing drug
efficacy. Nonetheless, more research need to be done to estab-
lish its exact role in reverse multidrug resistance.

4. Other Specific Constituents of
Pomegranate with Known Anti-Breast
Cancer Activity
Many of the components in pomegranate fruit extract obtained
from other plants have already been demonstrated to have
anticancer activity, and in few cases the mechanisms of action
have also been elucidated. For instance, luteolin, a constituent
in the pericarp of pomegranate, is reported to inhibit tumor
formation in vivo through its anti-oxidant and anti-
inflammatory activity. Luteolin is also reported to reduce the
proliferation of IGF-stimulated MCF cells in ER-alpha-
dependent manner and affects the PI3K-AKT pathway down-
stream [71]. Luteolin is also known to act against MDA MB
231 breast cancer cell line in concentration [72]. Quericitin, a
flavonoid present in the juice and pericarp of pomegranate, is
known to be effective against breast cancer as a single com-
pound and synergistically with other compounds [73,74]. The
compound could also enhance the efficacy of chemotherapeu-
tic agents and other flavanoids. For instance, several recent
reports showed that quericitin in combination with doxorubi-
cin, tamoxifen, resveratrol, and catechin, respectively, was
more potent than either agents alone in suppressing breast
cancer growth [74]. A study of the action of quericitin on the

proliferation of an adriamycin-resistant estrogen-receptor-neg-
ative human breast cancer cell line (MCF-7 ADRr) showed a
dose-dependent effect on cell proliferation. Punicic acid, an x-
5 long-chain polyunsaturated fatty acid found in pomegranate
seed oil, was demonstrated to potentially inhibit proliferation
as well to cause apoptosis of both MDA-MB-231 and an
estrogen-sensitive cell line developed from the MDA-MB-231
cells (MDA-ERa7) [13]. The compound also disrupted cellular
mitochondrial membrane potential. The results also suggested
that punicic acid action against breast cancer cell lines is
dependent on lipid peroxidation and the PKC pathway. Punicic
acid has also been reported to inhibit prostaglandin produc-
tion and is hypothesized to be involved in COX2 inhibition
[75]. C-tocopherol, though not a major component, is present
in pomegranate seed and studies on treatment with c-
tocopherol isolated from different plants have reported its
ability to reduce cell proliferation and tumor burden. Studies
have shown that c-enriched mixed tocopherols inhibit the
development of mammary hyperplasia and tumorigenesis in
animal models [76]. It has been shown to inhibit ER-positive
cell proliferation and work as an antagonist of estrogen sig-
naling in MCF-7 and T47D breast cancer cells. It is also
understood to cause cell cycle arrest and apoptosis in these
cell lines [76].

Thus, Punica can act via diverse molecules at different
steps of progression in breast cancer and the molecular tar-
gets at a glance is illustrated in Fig. 4.

5. Bioavailability
Bioavailability of a compound encompasses essential features
like how fast the drug enters the systemic circulation (the rate
of absorption) and how much of the nominal strength enters
the body (the extent of absorption). This is a paramount factor
in drug availability as it decides the physiological availability
of a compound. Potential health benefits have prompted
researches to analyze the bioavailability of pomegranate com-
ponents. An in vitro study examining the fate of pomegranate
juice showed that pomegranate phenolic compounds are avail-
able in increasing amounts during digestion, whereas the
anthocyanins are largely metabolized to some noncolored
forms, oxidized, or degraded into other chemicals [77]. The
first report on metabolism and bioavailability of components
analyzed punicalagin, an ellagitannin pomegranate juice. In
this study, a number of colonic microflora metabolites, ellagic
acid derivatives, and ellagitannins were detected in rat urine,
plasma, and feces [78]. This research group further studied
the bioavailability and metabolism of these ellagitannins in
humans and proved that the potential systemic biological
effects could be attributed to the colonic microflora metabo-
lites rather than to the polyphenols present in the juice [79].
Supplementing data for the investigation was another study
that demonstrated that ellagitannins from pomegranate persist
in plasma for around 48 h and that urolithins, formed by intes-
tinal bacteria, may contribute to the biological effects of
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pomegranate juice and might give a plausible explanation for
some of the health benefits noted after extended consumption
of pomegranate juice [80]. Seeram et al. [81] expanded the
research to understand whether the bioavailability of the
extract varied among different forms of the extract, namely
pomegranate juice, pomegranate polyphenol liquid extract,
and pomegranate polyphenol powder extract (1,000 mg). No
difference in bioavailability was found among pomegranate
juice, liquid, or powder extract forms of treatment with similar
levels of total polyphenols standardized as gallic acid equiva-
lents. Taken together, these studies indicate that pomegranate
polyphenolic compounds can act in multiple ways and undergo
different fates. A few of the compounds get absorbed and enter
the bloodstream to act as antioxidants, and the remainder get
digested by the colonic microflora to produce other biologically
active substances [82]. Though these researches did not study
the implication of the bioavailability of pomegranate juice con-
stituents with respect to their anticancer activity, these might
give a possible explanation related to the in vivo activity in
relation to cancer.

6. Conclusion
Taken together, these studies connote the potential of pome-
granate extract in fighting breast cancer and underpin the
ability of the extract to act in various steps of breast cancer,
from initial growth to proliferation, metastasis to angiogenesis
and escape of immune surveillances, and its ability to target
many levels of regulation of cell growth and apoptosis. Thus, it
can possibly act as an adjuvant in chemotherapy. A plethora
of action of P. granatum have been reported against breast
cancer and many of these have targets coinciding with the cur-
rent targeted therapies of breast cancer mentioned earlier in
this review, pointing to its relevance in breast cancer treat-
ment and prevention. Researchers have also attempted to
understand the bioavailability and metabolism of different
components in pomegranate juice. A good many researches
have focused on the phytoestrogenic potential of pomegranate
extract, which has been found to inhibit enzymes like 17-b-
hydroxysteroid dehydrogenase type 1 and aromatase which
are relevant to estrogen biosynthesis. It is also found to

Molecular targets of Punica extract in various process of breast carcinogenesis.
FIG 4
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compete with estrogen to bind to its receptor. The extracts
have also been reported to downregulate estrogen-responsive
genes at specific concentrations. The antioxidant potential of
the fruit has been extensively studied. One of the implications
of the studies with regard to breast cancer is its possible abil-
ity to inhibit the enzyme COX, a relevant enzyme in breast
cancer growth and metastasis. Punica extracts have also been
demonstrated to inhibit angiogenesis via VEGF and MIF and
survivin. Extracts of the fruit have been found to reduce inva-
siveness, migration, and the metastatic potential of breast can-
cer by acting via different molecular mechanisms, including
enhancing the expression of adhesion proteins, reducing
migratory proteins, decreasing response to chemokines
responsible for metastasis, and downregulating/upregulating
transcription factors involved in migration and metastasis.
Pomegranate extract can also downregulate molecules like NF
jb, a transcription factor involved in tumor progression, sur-
vival, and angiogenesis. A handful of investigations have dem-
onstrated the antiproliferative activity of the extract. Many
investigations have also brought to light the role of these
extracts in inducing apoptosis and arresting cell cycle. Very
recent research brought to attention the mechanisms and
molecular targets by which it targets DNA repair pathway.
Researches also demonstrate that pomegranate extract can
reduce inflammatory responses that help in tumor survival.
The components responsible for these actions are mainly
punicic acid, ellagitannins, and luteolin. It also has possible
contributions with respect to overcoming MDR resistance and
thus has a plausible role in aiding chemotherapy by a combi-
natorial treatment. Studies claim that Punica extracts can
induce cytotoxicity and reduce proliferation in mammary can-
cer stem cells. Few of the active ingredients include ursolic
acid, ellagic acid, luteolin, and punicic acid. Few others luteo-
lin c-tocopherol and quericitin are components present in Pun-
ica that are already reported to have anti-breast cancer activ-
ity when isolated from other plants. Bioavailability studies
point out that the in vivo effect of pomegranate extracts is pre-
dominantly due to the presence of colon microflora that
metabolize the components, especially compounds like ellagi-
tannins and bring health benefits associated with the same.
Understanding the bioavailability of the relevant components
of the extract might further help in bypassing their limitations.

Collectively, the findings indicate that Punica can be consid-
ered a promising candidate for preventing and inhibiting the
progress of breast cancer. However, investigations at a clinical
level have not gained the required spotlight of research. More
studies at clinical level are warranted to measure and evaluate
the actual potential of these extracts and their specific compo-
nents, both individually and in combination.

Chemotherapy has always been associated with number of
side effects. Targeted therapy approach in treating different
cancer is reducing the side effects associated with generic
drugs. Suitable adjuvants might make chemotherapy more
effective. Punica granatum might serve to be one such ideal
adjuvant for breast cancer therapy.
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