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SUMMARY
Breast cancer is the commonest malignancy among females worldwide including
India. In recent years, the use of natural dietary product in breast cancer treatment has
attracted great interest. Curcumin is the active component of turmeric which possesses
anti-oxidant, anti-inflammatory, anti-ageing and anti-carcinogenic properties against
wide range of diseases. Both in vitro and in vivo, studies have revealed that curcumin
targets various genes involved in vital cellular processes. The curcumin mediated
inhibition of human breast cell growth is arbitrated by certain signaling cascades
including modulation of Wnt/β-catenin pathway. This signaling is aberrantly activated
in breast cancer and found to be associated with its aggressive phenotype. Curcumin
inhibits the expression of various component of this signaling in order to suppress the
breast tumor growth. Current review summarizes the studies revealing the preventive
and therapeutic potential of curcumin with an emphasis on its multi-targeted biological
and molecular effects towards Wnt/β-catenin signaling in a breast carcinoma model.
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INTRODUCTION
The malignancy of breast is often
associated with high female mortality
worldwide (1) and is second most
common cancer among Indian females
(2). In India breast cancer is highly
frequent in urban Indians as compared
with rural ones. This significant variation
in incidence of breast cancer may be
associated with the lifestyle related and
reproductive/ hormonal related risk
factors. The most important reproductive
factors that enhance the risk of breast
cancer include a long menstrual history,
nulliparity, recent use of postmenopausal
hormone therapy or oral contraceptives
and late conception. Alcohol consumption
also increases the risk of breast cancer (3).
Among all these predisposing risk factors
family history as well as mutations in
BRCA-1 and BRCA-2 genes may also
play a significant role in development of
breast cancer (4). Breast cancer showed
considerable heterogenecity with regards
to its biological, histological and clinical
behaviour (5). The criterion of breast
cancer sub typing is primarily based on the
presence or absence of estrogen receptor
(ER) or the progesterone receptor (PR), or
the up regulation of the human epidermal
growth factor receptor 2 (HER2) (6,7).
The cases which show positivity for all
these receptors are considered as triple
positive and those that show negativity are
considered as triple negative breast
cancers. In India, mostly the breast
cancers are ER/PR negative and are
characterized by aggressive
clinicopathological features such as
higher tumor size, tumor grade and a

higher rate of lymph node positivity (8).
Hence, due to the involvement of these
factors in the process of development of
breast cancer it has been envisaged that
alteration of cellular proteins may play a
major role, probably through the
activation of several signaling pathways.
The over activation of cellular signaling,
then results in tumor expansion, cell
proliferation, invasion and metastasis
(9).
The breast cancers are often
diagnosed in advanced stages and the
biology of these tumors is not well
understood till date.
Despite the
availability of standard protocol for breast
cancer treatment like, chemotherapy,
surgery or targeted therapy, the patient's
outcome and response to therapy remains
inconstant. The use of chemotherapeutic
agents such as cisplatin, paclitaxel,
carboplatin, bevacizumab, doxorubicin,
cyclophosphamide, docetaxel, and
epirubicin (10, 11) is always associated
with their cytotoxic effects which again
affect the health of patients. Hence, there
is an urgent need to identify certain
components that can be used in breast
cancer treatment with lesser side effects.
In this respect, identification of certain
natural products with their targeted anticancerous properties can serve as a better
therapeutic avenue for the treatment of
breast cancer.
Curcumin :
Curcumin [1,7-bis(4-hydroxy 3methoxy phenyl)-1,6- heptadiene-3,5dione, Fig. (1)] is a bioactive component
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depicts a bis-α, β-unsaturated β-diketone
(commonly called diferuloyl methane)
structure that exhibits ketoenol
tautomerism, having a predominant keto
form in acidic and neutral solutions and a
stable enol form in alkaline media (14).
Properties of Curcumin :
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Fig-1: Solid turmeric containing yellow
coloured curcuminoids. The chemical
structure of curcumin (Diferuloylmethane),
IUPAC name: (1E,6E)-1, 7-Bis
(4-hydroxy-3-methoxyphenyl)-1,
6- heptadiene-3,5-dione; MF: C21H20O6;
MW: 368.37.

of Indian spice i.e. turmeric. It is used as a
colouring agent in many Indian recipes. It
has also been the important component of
Indian Ayurvedic medicine and is used
traditionally to treat wounds and
respiratory disorders (12,
13).Biologically it is yellow coloured
curcuminoid, a polyphenol derivative of
rhizome of Curcuma longa (ginger family,
Zingeberaceae) that makes approx. 2-6%
of turmeric (11). It was first isolated in
1815, obtained in crystalline form in 1870,
and identified as 1,6-heptadiene-3,5dione-1,7-bis(4-hydroxy-3methoxyphenyl)-(1E,6E)ordiferuloyl
methane (9, 11). Chemically, curcumin

It has been extensively reviewed
that curcumin can fight against wide range
of diseases, due to its anti-inflammatory,
anti-oxidant, anti-ageing, antimicrobial
and insecticidal properties (11).
Therefore, number of studied have been
carried out to establish its biological as
well as clinical role in various chronic
diseases, including diabetes, cardiac
disorders, arthritis, obesity, depression,
Alzimer's and autoimmune diseases (1520).
A n t i - t u m o ro g e n i c p ro p e r t y o f
Curcumin :
In addition to various biological
properties, curcumin has also been started
using therapeutically due to its unique
anti-cancerous property.
The antitumorigenic effect of curcumin has been
analysed in number of human cancer from
last 50 years, which showed that curcumin
affects the cancer at its initiation as well as
progression stage. The in-vitro studies
which were carried out on various cancer
cell lines proved that curcumin plays antitumoral, chemo-preventive as well as
chemo-radio sensibilizing role in various
primary as well as recurrent malignancies.
Overall, curcumin has a potential role not
only to prevent but also to cure cancer (9,
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21-23). The anti-cancerous potential of
curcumin with respect to its tumor growth
suppressive activity have been reviewed
in almost all kind of cancer including,
malignancies of digestive system
(esophageal, gastric, intestinal, colorectal,
hepatic, pancreatic), urogenital system
(kidney, bladder, prostate), reproductive
system (cervix, ovary), haematological
system (leukaemia, lymphoma, multiple
myeloma). In addition, curcumin is also
found to be effective in pulmonary,
thymic, brain and bone cancers (24).
It has been observed that curcumin
inhibits proliferation, invasion,
angiogenesis and metastasis of different
cancer through interacting with multiple
proteins (25). The underlying molecular
mechanism of effect of curcumin may be
due to its ability to target the various
cellular signaling and their components.
The precise mechanisms by which
curcumin selectively kills cancer cells is
not fully disclosed; however it is proposed
that the anti-cancer potential of curcumin
may depend on its ability to suppress the
proliferation of cancer stem/progenitor
cells and their progenies, through multiple
molecular mechanisms (13). Curcumin
modulates various oncogenic signaling
pathways i.e. inflammatory pathways
(TNFα, IL-1, IL-6), protein kinases
p a t h w a y ( m TO R , J N K , M A P K ,
AKT/PKB, Cox-2), cell proliferation and
survival pathways (CDKs, Cyclin E,
Cyclin D, c-Myc, c-Jun, Bcl-2, Bcl-xl,
cFILP, XIAP, c-IAP1), mitochondrial and
caspase activation pathway (Caspase-8, 9,
3) (26). Apart from this, certain receptors
like EGFR/erbB1, erbB2/HER2, IGF-1R,

PPAR-γ, SHH/GLIs are also the potential
target for curcumin activity (9, 27-29). It
also modulates the metabolizing biotrans
forming enzymes (Phase-I and Phase-II)
which are responsible for activation of
pro-carcinogens during carcinogenic
process. Studies have shown that
curcumin inactivates cytochrome P450
(CYP) activity and up-regulates GSTs
(30-33).
Curcumin in Breast Cancer:
In preclinical studies, the effect of
curcumin have been extensively analysed
in wide range of malignant, metastatic,
-/+
ER/PR/HER2 breast cancer cell lines
and it has been observed that curcumin
effectively counteract their growth,
thereby suggesting a multifaceted role of
curcumin in breast malignancy. Verma et
al, 2003, studied the effect of curcumin on
MCF-7 (ER+/PR+) breast cancer cell
lines and suggested that curcumin exerts
the anti-proliferative impact on breast
cancer cells through inhibition of PS2 and
transforming growth factor-β (TGF-β)
gene expression. Furthermore they also
reported that curcumin effectively breaks
the copper-protein moieties of cells
thereby reducing the growth of MCF-7
(ER+), T47D and MDA-MB-231 (ER-)
cells (34). Curcumin exerts anti
proliferative action mainly by interfering
at the various steps of cell cycle. On
experiments on MCF-7 and MDA-MB231 breast cancer cell lines, Prasad et al,
2009 showed that, curcumin inhibits
proliferation of breast cancer cells by
inducing G2/M cell cycle arrest, leading
to apoptotic cell death through p53
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dependent manner (35). In addition, Chiu
et al, 2009; showed that curcumin inhibits
cell proliferation as well as migration by
trans-activation of Bax/Bcl-2 proteins
ratio and inactivation of NF-Kβp65 in
breast cancer MDA-MB-231 cells (36).
Altenburg et al, 2011 studied the effect of
curcumin on SK-BR-3 (ER-/PR-/HER2+)
breast cancer cell lines and observed that
the breast cells supplemented with DHA
enhance their curcumin uptake and
thereby increased the cellular content of
peroxisome
proliferator-activated
receptor gamma (PPAR-γ) and phosphop53 (37).
Apart from these studies, there are
reports which further suggest that
curcumin also inhibits the breast tumor
angiogenesis by targeting the proangiogenic proteins. It has been observed
by Chakraborty et al, 2008, that curcumin
suppresses tumor angiogenesis in breast
cells by preventing osteopoitin mediated
VEGF expression (38). Similar to these
findings, Carroll et al, 2008 also reported
that curcumin helps in the reduction of
angiogenesis in T47-D (ER+) breast
cancer cell line by reducing medroxy
progesterone acetate (MPA) induced
expression of VEGF. Furthermore they
suggested that, the level of VEGF was not
affected in progesterone or progestin
exposed cells by curcumin through MPA
(39). In another study, curcumin showed
the inhibitory effect towards α6β4 integrin
signaling in breast cancer cells by subcellular localization of α6β4, resulting in
the loss of association between epidermal
growth factor receptor (EGFR) and Akt
receptors (40).

Evasion of apoptosis by tumor
cells is the hallmark characteristic of
cancer. To bring the apoptosis of
neoplastic cell has always been a prerequisite for the suppression of tumor
growth. Number of experiments
demonstrated that curcumin induces
apoptosis and inhibits cell growth through
modulating apoptotic proteins of intrinsic
as well as extrinsic apoptotic pathways in
cancer cells. Curcumin triggers the
apoptosis of breast cancer cells by down
regulating IGF-1 system molecule
(important for breast cancer development)
i.e. IGF-1 (41). In addition, curcumin also
suppresses the microtubule instability and
stimulates the activation of mitotic
checkpoints for the induction of apoptosis
in MCF-7 (ER+/PR+) breast cancer cells
(42). In triple negative breast cancer cells
it induces DNA damage and brings the
cytoplasmic preservation of breast cancer
type 1 susceptibility protein (BRCA1)
(43). Curcumin also induces the
expression of miR-15a and miR-16 by
epigenetic regulation thereby reducing the
Bcl-2 protein expression in breast cancer
cells (44). In another study, it was
observed that curcumin low doses induces
p27 expression and inhibits Skp2, Her2,
Cyclin E and CDKs activity in MDA-MB231 (ER-/PR-/low HER2) cells,
suggesting its probable involvement in the
growth inhibition. It was also reported that
curcumin in high doses was able to induce
apoptotic death in MDA-MB-231 (ER/PR-/low HER2) cells, due to the cleavage
of PARP and activation of caspase 3 (45).
Cancer cells have the capability to
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evade the host immune system by
secreting multivesicular bodies, called
exosomes (9). Curcumin has been shown
to reverse the inhibitory action of
exosomes towards Jak3- mediated
activation of Stat5 for natural killer (NK)
cells functions in breast cancers (46).
Purified exosomes from TS/A breast
cancer cells inhibits IL-2-induced natural
killer (NK) cell cytotoxicity. The dietary

polyphenol curcumin partially reverse the
tumor exosome-mediated inhibition of NK
cell activation, which is mediated through the
impairment of the ubiquitin-proteasome
system (47). Apart from that, in line with
various in vitro studies, some in vivo studies
were also carried out to delineate the role of
curcumin in breast cancer. The overall
activity of curcumin with respect to its targets
in breast cancer is summarized in Table-1.

Table 1: In vitro studies depicting anti-cancerous role of curcumin in breast cancer
Breast cancer cell lines

Effect of curcumin on cancer
cells
MCF-7 (ER/PR+), T47D and
Anti-proliferative, inhibition of cell
MDA-MB-231(ER-)
growth
MCF-7 and MDA-MB-231
Inhibits cell proliferation and
induced apoptosis
BT-20, T-47D, SKBR3 and
Arrest cell cycle at G2/S phase and
MCF- 7
inhibits cell proliferation
MDA-MB-231
Inhibition of cell proliferation and
migration
SK-BR-3, MDA-MB-231,
Inhibition of cell proliferation, cell
MDAMB- 361, MCF7 and
cycle progression and metastasis,
MCF10AT
induction of cell cycle arrest
Breast cancer tissue cell culture Abrogation of osteopontin-induced
VEGF expression
T47-D
reduces medroxyprogesterone
acetate (MPA) induced expression
of VEGF
MDA-MB-231
inhibitory effect toward α6β4
signaling

Proteins targeted

MCF-7

Induces apoptosis

MCF-7

Induces apoptosis

MCF-7 (ER+/PR+)

Induces apoptosis

IGF-1, IGFBP-3,
IGF-1R tyrosine
Kinase
microtubule
instability
BRCA-1

MCF-7

Epigenetics changes and apoptosis

MDA-MB-231/Her-2

Repressed cell proliferation,
induced G1 arrest and triggered
apoptosis

PS2,

TGF-β

Maspin,
Bcl-2, p53
ODC
Bax, Bcl-2 ratio;
NF-Kβp65
PPARg,
phospho-p53
VEGF
VEGF

α6β4,
EGFR/AKT

miR-15a & miR16;
Bcl-2
p27, Skp2,
Her2,
Cyclin
E,
CDKs, cleavage
of PARP,
caspase 3
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Abbreviations: PS2, an estrogen-induced RNA messenger; TGF-β, transforming growth factor-β, Bcl-2,
B cell lymphoma-2; ODC, Ornithine decarboxylase; Bax, BCL2-associated X protein; NF-Kβp65,
Nuclear factor kappa-light-chain-enhancer of activated B cells; PPARg, Proliferator-activated receptor
gamma; VEGF, Vascular endothelial growth factor; EGFR, Epidermal growth factor receptor; IGF-1R,
IGF-1 receptor; IGF-1, Insulin like growth factor-1; BRCA1, Breast cancer type 1 susceptibility protein;
miR, micro RNA; Skp2, Sphase kinase protein 2; HER-2, Human epidermal growth factor receptor 2;
CDKs, Cyclindependent kinases;BRACA-2, Breast cancer type 2; ER, Estrogen receptor; PR:
Progesterone receptor; TNF, Tumor necrosis factor; IL-1, Interleukin-1; IL-6, Interleukin-6; JNK, c-Jun
NH2-terminal kinase; Cox-2, Cyclooxygenase-2; SHH, Sonic hedgehog; DHA, Docosahexaenoic acid,
NK, Natural Killer cells; Fzd, Frizzled; LRP, low density lipoprotein receptor-related proteins; APC,
Adenomatosis polyposis coli;GSK3β, Glycogen Synthase kinase-3β; CK-I, casin kinase-1;Dvl,
Deshevelled; TCF/LEF, T-cell factor/lymphoid enhancer factor; PI3K, Phosphatidylinositol-3-kinase;
EMT, Epithelual Mesenchymel Trasition; PAC, 5-bis(4 hydroxy-3-methoxy benzylidene-)-N-methyl4-piperidine; EAC, 1,7-Bis (4-hydroxy-3-ethoxyphenyl)-1,6-heptadien-3,5-dione; PLGA, polylactideco-glycolide analog; PEG, Poly ethylene glycol

Curcumin and other signalling
pathways in Breast Cancer :
Curcumin exerts its antitumorigenic activity towards wide range
of proteins that are the important
components of various cellular signaling
pathways. As, cancer is a multifactorial
disease, it is always impossible to target
individual protein to suppress the tumor
growth. Hence, targeting whole signaling
pathway by inhibiting its all regulatory
components may prove as a promising
strategy for improvement of therapeutic
value. Signaling pathways like canonical
Wnt/β-catenin, Notch and Hedgehog are
aberrantly activated in breast cancer and
play a significant role in the disease
development and progression. The effect
of curcumin towards these signaling
pathways has been analysed in multiple
human cancers and observed that it
modulates these signaling pathways by
inhibiting them. Wang et al, 2006,
reported that curcumin induces reduction
of Notch-1 expression by activating hairy

and enhancer of split (Hes)-1 and BclxL
protein levels (48). Similarly, it has found
that curcumin and its analog inhibit
Wnt/β-catenin signaling in wide range of
cancers. In breast cancer, where this
signaling is aberrantly deregulated, the
therapeutic intervention of this signaling
could be the prime target of curcumin
activity.
Wnt/β-catenin pathway :
The Wnts comprise of secreted
cysteine-rich 39-46 kDa glycoproteins.
Till date 19 members of Wnt family has
been discovered in mammals (49). The
Wnt gene family, the name is derived from
the drosophila segment polarity geneWingless and the murine mammary virus
gene Int-1 (50). They regulate key
developmental processes including cellfate determination, cellular
differentiation, proliferation, motility and
the establishment of primary axis of the
body during vertebrate embryogenesis
(51-53). In the adult, Wnt regulates
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hematopoiesis, osteiogenesis,
angiogenesis and adipogenesis (54, 55).
Wnt proteins are differentiated into two
group-canonical and non-canonical on the
basis their transformation capabilities in
cell lines or in vivo.
The canonical signaling gets
activated by binding of specific Wnt
proteins (e.g. Wnt-1; Wnt-3a etc) to the
seven transmembrane domain Frizzled
(Fzd) receptors on the cell membrane. Fzd
proteins unite with their co-receptors, the
low density lipoprotein receptor-related
proteins (LRP5 or LRP6), to activate
downstream Wnt signaling (56). In
absence of activated Wnts, β-catenin
(hallmark protein of the pathway) is
phosphorylated by the destruction
complex, i.e. protein complex containing
adenomatous polyposis coli (APC), axin,
glycogen synthase kinase 3β (GSK3β)
and casein kinase I (CKI). Phosphorylated
β-catenin is ubiquitinised with the help of
β-TrCP and projects for proteolysis
mediated degradation (57, 58). Binding of
Wnts to receptors (Fzd and LRP5/LRP6)
leads to the translocation of axin to the cell
surface which binds with LRP5/LRP6,
followed by phosphorylation of the
cytoplasmic protein i.e. Dishevelled (Dvl)
(59, 60,). These events ultimately
consequence into the degradation or
inhibition of the destruction complex,
which in turn leads to accumulation of βcatenin in the cytoplasm and finally
translocation into the nucleus, where it
forms a complex with the T-cell
factor/lymphoid enhancing factor
(TCF/LEF) family of transcription
factors, and activates transcription of Wnt

Fig- 2: In the absence of active Wnts
ligand (left panel),β-catenin is
associated with E-cadherin at the cell
membrane. It bind to the destruction
complex comprising Axin,
adenomatous polyposis coli
(APC)(Scaffolding proteins), glycogen
synthase kinase-3β (GSK3β) and
casein kinase 1 (CK1). The bounded βcatenin is then phosphorylated by
GSK3β, ubiquitinised by betatransducing repeat-containing protein
(β-TrCP) and then degraded by
proteasomal activity.
The active Wnts (right panel) bind to
their transmembrane receptors
Frizzled and LRPs, the formation of
destruction complex is inhibited. This
results in the stabilization of β-catenin
in cytoplasm and translocation into
nucleus. In the nucleus, it gets
associated with Lef/TCF transcription
factors and activates transcription of
various target genes.
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target genes, including c-Myc and Cyclin
D1 (Fig. 2).
Wnt/β-catenin pathway in Breast
Cancer :
Several studies have indicated the
role of Wnt signaling pathways in human
breast cancer. Hyper activation of the
canonical Wnt/β-catenin pathway, caused
by mutations in β-catenin, APC and axin,
is one of the most frequent abnormalities
found in other human cancers. In breast
cancer, however, evidence of such
mutation is sparse but β-catenin mutations
have been detected in 45% cases of breast
fibromatosis (61). In contrast, there is
strong confirmation for elevated levels of
nuclear and/or cytoplasmic β-catenin
detectable by immunohistochemistry in
over 50% of breast carcinomas (62-64)
which correlates with the expression of its
target gene Cyclin D1 and poor prognosis
of breast cancer patients (64, 65).
Studies have described
overexpression of Wnt proteins (Wnt2,
Wnt7b, Wnt10b, Wnt13/2b and Wnt14) in
breast cancer compared to normal tissues.
(61, 66-70). Wnt/β-catenin pathway also
showed a cross talk with phosphatidyl
inositol 3-kinase/Akt and mitogenactivated protein kinase signaling
pathways and two diverse receptors i.e.
ER-α/EGFR (71). In addition, the various
components of this pathway have also
been modulated in breast cancer. The
epigenetic loss of sFRP1 (negative
regulator of pathway) gene has been
observed in primary breast cancers and is
associated with poor prognosis (72-74).

Whereas, it has also been found that
overexpression of DVL-1 (transducer of
pathway) gene plays an important role in
breast tumorigenesis through
derangement of the Wnt signaling
pathway (75, 65). Prasad et al 2008
reported that Wnt/β-catenin pathway
components such as DVL, β-catenin and
Cyclin D1 are up-regulated in invasive
ductal breast carcinoma. Furthermore
they also showed that the aberrant
expression of these proteins were
associated with advanced tumor stage of
patients, hence proposed the clinical
utility of these proteins in breast cancer
(65). In another study, Prasad et al, 2008;
showed that promoter methylation leads
to loss of CDH-1 (E-cadherin) and APC
genes required for the activation of Wnt/βcatenin signaling in breast cancer (76). In
line with previous studies, Prasad et al,
2009 again provided the clinical
evidences of modulation of expression of
components of Wnt signaling like, Ecadherin, slug and GSK3β and their
association with Epithelial Mesenchymel
Transmission (EMT) in breast cancer
(77). An APC truncation leading to βcatenin up regulation has also been shown
both at cytoplasmic levels and in total
cellular extracts in breast cancer cell line
DU4475 (78). Transcriptional repression
of APC by promoter hyper-methylation in
breast cancer has been studied and found
to correlate to poor prognosis in breast
cancer (79-81). Moreover up-regulation
of downstream targets of Wnt/β-catenin
signaling viz. Cyclin D1 and c-Myc was
also reported in breast cancer which was
then found to be associated with
progression of disease.
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Activity of curcumin on modulation of
Wnt/ β-catenin pathway in breast
cancer :
Altered functions or levels of
components of the Wnt/β-catenin
pathway are associated with cancer, and
other diseases (82). Therefore, Wnt/βcatenin signaling cascade increasingly
attracts considerable attention of cancer
researchers and pharmacologists.
Dysfunctional Wnt/β-catenin signaling
creates continuous transcription of many
target genes supporting cell proliferation.
The uncontrolled activation of
transcriptional factor, β-catenin is mainly
responsible for up-regulation of various
proliferative genes resulting progression
of disease. Hence therapeutic inhibition of
this protein is the need of hour for the
management of breast cancer. There are
few approaches like antisense monoclonal
antibodies, anti-sense oligos, RNA
interference protein knockdown and
chemo-sensitizers have also been
developed. The main target of all these
strategies is to inhibit the β-catenin
activity and enhance its proteasomal
degradation process, thus preventing the
expression of Wnt target genes. Several
reports suggest that curcumin and its
analog (CHC007) are good inhibitors of βcatenin/Tcf signaling in gastric, colon, and
intestinal cancer cells (9, 11, 24). Jaiswal
et al 2002; suggested that curcumin
suppresses the β-catenin protein activity
through caspase-3-mediated blocking in
intestinal cancer HCT116 cells (83). It has
also been reported that curcumin controls
β-catenin/TCF transcription activity by
bringing down the nuclear volume of β-

catenin as well as TCF-4 proteins in
gastro-intestinal cancer cells (84).
Moreover, the activity of Frizzled-1
receptor was also affected by curcumin
(85). Curcumin also down regulates p300
in colon cancer for the attenuation of
response of β-catenin to Wnt3a (86).
In human breast cancer cells,
curcumin modulates β-catenin pathway
by inhibiting cell proliferation and
induction of apoptosis (87). Prasad et al,
2009 analysed the effect of curcumin on
proliferation and modulation of
components of Wnt/β-catenin signaling in
breast cancer cells (MCF-7 and MDAMB-231). They examined the effect of
curcumin on breast cancer cells at
different doses and its activity was
detected by investigating Wnt/β-catenin
signaling proteins by immune
fluorescence, flow cytometry and western
blotting. In these experiments, they
observed that curcumin exerts a cytotoxic
effect on MCF-7 cells with 50% inhibitory
concentration (IC50) of 35 uM, while
IC50 for MDA-MB-231 was 30 uM.
Upon curcumin treatment, there was
increased percentage of cells in G2/M as
well as G0/G1 phases, for both the breast
cancer cell lines. Furthermore, curcumin
treatment decreased the levels (2 folds) of
Wnt/β-catenin pathway proteins i. e. Dvl,
β-catenin, Cyclin D1, and Slug. Increase
in the expression of active GSK3β and Ecadherin in curcumin treated cells were
also observed. From these findings,
authors suggested that curcumin inhibits
cell proliferation and induces cell death in
these breast cancer cell lines.
Furthermore, curcumin treatment reduced
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the cellular level of Wnt signaling proteins
in breast cancer cells thereby inducing βcatenin phosphorylation and its
subsequent degradation. Overall they
concluded that curcumin inhibits Wnt/βcatenin signaling by potentially inhibiting
activity of its key components. One of the
key mechanism that comes out from this
study was curcumin mediated inhibition
of Wnt/β-catenin induced EMT (88). The
B

targeted inhibitory activity of curcumin on
Wnt/β-catenin pathway proteins is
illustrated in Fig.3
Bioavailability, pharmacokinetics and
doses of curcumin :
The therapeutic ability of
curcumin is usually compromised due to
its low bioavailability. In various studies

DVL

A
ß-CATENIN

E-CADHERIN

CURCUMIN

SLUG

CYCLIN D1
GSK3ß
P
P

ß-cat

ß-

U

ca

t

ß-TrCP

Epithelial Mesenchymel
Transition in breast
cancer cells

Wnt/ß-catenin
signaling

Fig-3: Schematic representation of the role of curcumin in modulation of Wnt/β-catenin signaling
proteins in breast cancer cells.
Dual role of curcumin:
A.
Inhibition of growth of breast tumor via modulation of Wnt/β-catenin signaling proteins.
Curcumin down-regulates the expression of dishevelled (Dvl), β-catenin and Cyclin D1, but
significantly retains the cellular expression of active GSK3β, leading to the phosphorylation,
ubiquitination and proteasomal degradation of β-catenin.
B.
Suppression of Epithelial Mesenchymel Transition through the activation of
E-cadherin and inactivation of slug in breast cancer.
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performed, it displayed great metabolic
variability, low plasma level and poor
tissue distribution. It gets poorly absorbed
in the gastrointestinal tract as well as
extensive metabolism through oxidation,
reduction, glucuronidation and sulfation,
yielding less active metabolites, and rapid
elimination from the body (11, 89, 90).
Some clinical studies that have been
carried out on fasting volunteers and
patients with precancerous lesions also
revealed that the serum level of curcumin
was undetectable even after
administrating high dose of it (up to 20008,000mg) daily, which also exhibited
curcumin's poor bioavailability (91 ,92).
Sharma et al, 2005, suggested that the
truncated systematic bioavailability of
curcumin probably have been due to its
hydrophobic nature, low absorption and
metabolic biotransformation in intestine
and liver (93). Therefore, to overcome the
pharmacokinetics limitation and to
improve the therapeutic value of this
dietary component, various approaches
like
liposomal curcumin, curcumin
phospholipid complex, structural analogs
of curcumin, curcumin nanoparticles and
curcumin conjugations have been
developed and tested (94-98) in order to
improve curcumin drug delivery. Among
all these strategies, the efficacy of
curcumin analogs and curcumin
nanoparticles has been extensively tested
in breast cancer. Importantly, two novel
non-toxic curcumin analogues have been
investigated to possess anti-breast cancer
properties, namely 5-bis(4-hydroxy-3methoxybenzylidene)-N-methyl-4piperidine(PAC) and 1,7-bis-(4-hydroxy3-ethoxyphenyl)-1,6-heptadien-3,5-diene

(EAC).PAC showed higher stability in
blood, higher water solubility, greater
bioavailability and bio-distribution than
curcumin(9, 11). PAC displayed five
times higher efficiency than curcumin and
also EAC at inducing apoptosis on ERnegative-MDA-MB-231 cells via an
internal mitochondrial route (9, 11). In
vivo experimental results on MDA-MB231 cell xenografts have proven that PAC
exhibited the anti tumoral effects by
inhibiting NF-kB and its downstream
effectors (cyclin D1 and Bcl-2),
p21WAP1, Survivin and activating the
caspase cascade (99).
Curcumin encapsulated with
nanoparticulate formulation based on
poly lactide-co-glycolide (PLGA), along
with a stabilizer polyethylene glycol
(PEG)-5000 showed more potency than
crude curcumin, in inducing antiproliferative and apoptotic effects against
MDA-MB-231 cells (98). Transferrinmediated solid lipid nanoparticles (TfCSLN) increased photostability and
enhanced its anticancer activity against
MCF-7 breast cancer cells (100). Tang et
al. 2010, reported that an intracellularlabile amphiphilic surfactant (- like
curcumin prodrug-curcumin) conjugated
with two short oligo (ethylene glycol and
Curc-OEG) chains via beta-thioester
bonds acted as vehicles for doxorubicin
and camptothecin treatment. On delivery
to drug-resistant cells, it greatly enhanced
the cytotoxicity of the loaded drug in nude
mice inoculated with MDA-MB-468 cells
(101).
Potential risk and side effects of
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curcumin :
Phase I clinical trials discovered
that curcumin could be safely
administered at very high doses up to 6 g
per day (102). However, it has also been
observed that curcumin bears the bloodthinning effect that may decline blood
flow, leading to ischemic stroke (103). In
addition to its anti-oxidant effect,
curcumin also demonstrate pro-oxidant
effect (104). Curcumin inactivated the
cancer cytotoxic agent by blocking JNK
pathway in breast cancer (105). The
studies performed on breast cancer cells
clearly showed that curcumin inhibits
mechlorethamine, doxorubicin and
camptothecin and induces apoptosis of
these cells (106).Therefore, more
importance should be given towards the
establishment of efficacy of curcumin in
breast cancer treatment.
Conclusion :
From the last few years, cancer
researchers thoroughly examined the antitumorigenic effects of curcumin. Studies
suggest that this polyphenol affects
various pathways and signaling proteins
critical for tumorigenesis. Therefore, it
has potency in cancer prevention and also
cancer treatment. Among the number of
pathways, Wnt/β-catenin signaling is
aberrantly up-regulated in breast cancer
and the modulation of its key components
is found to be associated with aggressive
phenotype of these tumors. Therefore,
therapeutic intervention of this signaling
is the topic of great interest in breast
cancer treatment. The use of novel
curcumin synthetic analogs and

nanotechnology- based formulations
represented a potential alternative
strategy of great clinical interest for
overcoming the high metabolic instability
and poor bioavailability of curcumin.
Overall, curcumin and its analog needs
significant research to establish its
therapeutic potential with less limitation
and enhanced action in breast cancer.
Conflict of interest:
Authors do not show any conflict
of interest.
Authors contributions:
Experimental analysis was carried
out by Dr. Chandraprakash Prasad.
Poonam Jawanjal helped in acquisition of
data and references as well as writing the
manuscript. Dr. Gayatri Rath reviewed the
results of experiments and has compiled
the manuscript.
Acknowledgement:
We thankfully acknowledge Mr.
Rajeshwar Singh, technical officer, Deptt.
of Anatomy, VMMC & SJ hospital for his
co-operation in laboratory procedures.
REFERENCES:
1.

Jemal A, Bray F, Center MM, Ferlay
J, Ward E, Forman D (2011). Global
cancer statistics. Ca–Cancer J Clin
61: 69–90.

2.

National Cancer Registry program –

Potentiation of Curcumin and Wnt/β-catenin signaling in breast cancer 96

3 Annual Report ICMR: New Delhi,
2006-2008.
3.

4.

Khan SI, Aumsuwan P, Khan IA,
Walker LA, Dasmahapatra AK
(2012). Epigenetic events associated
with breast cancer and their
prevention by dietary components
targeting the epigenome. Chem Res
Toxicol 25: 61-73.
Habibovic S, Hrgovic Z (1998).
BRCA 1 and BRCA 2 gens in breast
cancer. LijecVjesn 120: 342–348.

5.

Hergueta-Redondo M, Palacios J,
Cano Moreno- Bueno G (2008). New
molecular taxonomy in breast cancer.
Clin Transl Oncol 10: 777–785.

6.

Sotiriou C, Neo SY, McShane LM, et
al. (2003). Breast cancer
classification and prognosis based on
gene expression profiles from a
population- based study. Proc Natl
Acad Sci USA 100: 10393-10398.

7.

Dent R, Trudeau M, Pritchard KI, et
al. (2007). Triple-negative breast
cancer: clinical features and patterns
of recurrence. Clin Cancer Res 13:
4429–4434.

10. Isakoff SJ (2010). Triple-negative
breast cancer: Role of specific
chemotherapy agents. Cancer J 16:
53-61.
11. Sinha D, Biswas J, Sung B, Aggarwal
BB, BishayeeA (2012).
Chemopreventive and
chemotherapeutic potential of
curcumin in breast cancer. Current
Drug Targets 13: 1799-1819.
12. A g g a r w a l B B , B a n e r j e e S ,
Bharadwaj U, Sung B, Shishodia S,
Sethi G (2007). Curcumin induces
the degradation of cyclin E
expression through ubiquitindependent pathway and up-regulates
cyclin-dependent kinase inhibitors
p21 and p27 in multiple human tumor
cell lines. Biochem Pharmacol 73:
1024–1032.
13. Chattopadhyay I, Biswas K,
Bandyopadhyay U, Banerjee RK
(2004). Turmeric and curcumin:
Biological actions and medicinal
applications. Curr Sci 87: 44–53.

8.

Chopra R (2001). The Indian scene. J
Clin Oncol 19: 106S-111S.

14. Anand P, Sundaram C, Jhurani S,
Kunnumakkara AB, Aggarwal BB
(2008). Curcumin and cancer: an
''old-age” disease with an ''age-old”
solution. Cancer Letters 267: 133164.

9.

Nagaraju GP, Sheik A, Zafar SF.,
Basha R, Roberto D, El-Rayes BF
(2012). The impact of curcumin on
breast cancer. Integr Biol 4:
996–1007.

15. Aggarwal BB, Shishodia S (2006).
Molecular targets of dietary agents
for prevention and therapy of cancer.
Biochem. Pharmacol 71:
1397–1421.

97 Gayatri Rath

16. Shukla PK, Khanna VK, Ali MM,
Khan MY, Srimal RC (2008). Antiischemic effect of curcumin in rat
b r a i n . N e u ro c h e m . R e s 3 3 :
1036–1043.
17. Strofer M, Jelkmann W, Depping R
(2011). Curcumin Decreases
Survival of Hep3B Liver and MCF-7
Breast Cancer Cells: The Role of
HIF. Strahlenther Onkol 187:
393–400.
18. Aggarwal BB (2010). Targeting
inflammation-induced obesity and
metabolic diseases by curcumin and
other nutraceuticals. Ann Rev Nutr
30: 173–199.
19. Khuwaja G, Khan MM, Ishrat T, et al.
(2011). Neuroprotective effects of
curcumin on 6-hydroxydopamineinduced Parkinsonism in rats:
Behavioral, neurochemical and
immunohistochemical studies. Brain
Res 1368: 254–263.
20. Hatcher H, PlanalpR, Cho J,
TortiF,Torti S (2008). Curcumin:
from ancient medicine to current
clinical trials. CellMol Life Sci 65:
1631–1652.
21. Goel A, Aggarwal BB (2010).
Curcumin, the golden spice from
Indian saffron, is a chemosensitizer
and radiosensitizer for tumors and
chemoprotector and radioprotector
for normal organs. Nutr Cancer 62:
919-930.

22. Aggarwal BB, Shishodia S, Takada
Y, et al. (2005). Curcumin suppresses
the paclitaxel-induced nuclear factorkappaβ pathway in breast cancer cells
and inhibits lung metastasis of human
breast cancer in nude mice. Clin
Cancer Res 11: 7490-7498.
23. Darvesh AS, Aggarwal BB, Bishayee
A (2012). Curcumin and liver cancer:
a review. Curr Pharm Biotechnol 13:
218-228.
24. Shehzad A, Lee J, Lee YS (2013).
Curcumin in various cancers. Bio
Factors 39: 56–68.
25. Kunnumakkara AB, Anand P,
Aggarwal BB (2008). Curcumin
inhibits proliferation, invasion,
angiogenesis and metastasis of
different cancers through interaction
with multiple cell signaling proteins.
Cancer Lett 269: 199–225.
26. Zhou H, Beevers CS, Huang S
(2011). Targets of curcumin. Curr
Drug Targets 12: 332-347.
27. Lev-Ari S, Vexler A, Starr A, et al.
(2007). Curcumin augments
gemcitabine cytotoxic effect on
pancreatic adenocarcinoma cell
lines. Cancer Invest 25: 411–418.
28. Elamin MH, Shinwari Z, Hendrayani
SF, et al. (2010). Curcumin inhibits
the Sonic Hedgehog signaling
pathway and triggers apoptosis in
medulloblastoma cells. Mol
Carcinog 49: 302–314.

Potentiation of Curcumin and Wnt/β-catenin signaling in breast cancer 98

29. Slusarz A, Shenouda NS, Sakla MS,
et al. (2010). Common botanical
compounds inhibit the hedgehog
signaling pathway in prostate cancer.
Cancer Res 70: 3382–3390.
30. Lampe JW (2003). Spicing up a
vegetarian diet: chemopreventive
effects of phytochemicals. Am J Clin
Nutr 78: 579S–583S.
31. Rinaldi AL, Morse MA, Fields HW,
et al. (2002). Curcumin activates the
aryl hydrocarbon receptor yet
significantly inhibits benzo (a)
pyrene-7R-trans-7, 8-dihydrodiol
bioactivation in oral squamous cell
carcinoma cells and oral mucosa.
Cancer Res 62: 5451–5456.
32. Thapliyal R and Maru G (2001).
Inhibition of cytochrome P450
isozymes by curcumins in vitro and in
vivo. Food ChemToxicol 39:
541–547.
33. Iqbal M, Sharma SD, Okazaki Y,
Fujisawa M, Okada S (2003). Dietary
supplementation of curcumin
enhances antioxidant and phase II
metabolizing enzymes in ddY male
mice: possible role in protection
against chemical carcinogenesis and
toxicity. Pharmacol Toxicol 92:
33–38.
34. Verma SP, Goldin BR (2003). Copper
modulates activities of genistein,
nitric oxide, and curcumin in breast
tumor cells. BiochemBiophys Res
Commun 310: 104-08.

35. Prasad CP, Rath G, Mathur S,
Bhatnagar D, Ralhan R (2010).
Expression analysis of maspin in
invasive ductal carcinoma of breast
andmodulation of its expression by
curcumin in breast cancer cell lines.
Chem Biol Interact 183: 455-461.
36. Chiu TL, Su CC (2009). Curcumin
inhibits proliferation and migration
by increasing the Bax to Bcl-2 ratio
and decreasing NF-kappaBp65
expression in breast cancer MDAMB-231 cells. Int JMol Med 23:
469–475.
37. Altenburg JD, Bieberich AA, Terry
C, et al. (2011). A synergistic antiproliferation effect of curcumin and
docosahexaenoic acid in SK-BR-3
breast cancer cells: unique signaling
not explained by the effects of either
compound alone. BMC Can 11: 149.
38. Chakraborty G, Jain S, Kale S, et al.
(2008). Curcumin suppresses breast
tumor angiogenesis by abrogating
osteopontin-induced VEGF
expression. Mol Med Rep 1:641-646.
39. Carroll CE, Ellersieck MR, Hyder
SM (2008). Curcumin inhibits MPA
induced secretion of VEGF from
T47-D human breast cancer cells.
Menopause 15: 570-574.
40. Soung YH, Chung J (2011).
Curcumin inhibition of the functional
interaction between integrin α6β4
and the epidermal growth factor

99 Gayatri Rath

receptor. Mol Cancer Ther 10:
883–891.
41. Xia Y, Jin L, Zhang B, Xue, Li Q,
XuY (2007). The potentiation of
curcumin on insulin-like growth
factor-1 action in MCF-7 human
breast carcinoma cells. Life Sci 80:
2161–2169.
42. Banerjee M, Singh P, Panda D
(2010). Curcumin suppresses the
dynamic instability of microtubules,
activates the mitotic checkpoint and
induces apoptosis in MCF-7 cells.
FEBS J 277: 3437–3448.
43. Rowe DL, Ozbay T, ORegan RM,
Nahta R (2009). Modulation of the
BRCA1 protein and induction of
apoptosis in triple negative breast
cancer cell lines by the polyphenolic
compound curcumin. Breast Cancer
3: 61-75.
44. Yang J, Cao Y, Sun J, Zhang YC
(2010). Curcumin reduces the
expression of Bcl-2 by up-regulating
miR-15a and miR-16 in MCF-7 cells.
Med Oncol 27: 1114-1118.
45. Sun SH, Huang HC, Huang C, Lin JK
(2012). Cycle arrest and apoptosis in
MDA-MB-231/Her2 cells induced
by curcumin. Eur J Pharmacol 690:
22-30.
46. Joensuu H, Bono P, KatajaV, et al.
(2009). Fluorouracil, epirubicin, and
cyclophosphamide with either
docetaxel or vinorelbine, with or

without trastuzumab, as adjuvant
treatments of breast cancer: final
results of the FinHer Trial. J
ClinOncol 27: 5685–5692.
47. Zhang HG, Kim H, Liu C, et al.
(2007). Curcumin reverses breast
tumor exosomes mediated immune
suppression of NK cell tumor
cytotoxicity. Biochim Biophys Acta
1773: 1116-1123.
48. Wang Z, Zhang Y, Banerjee S, Li Y,
Sarkar FH (2006). Notch-1 downregulation by curcumin is associated
with the inhibition of cell growth and
the induction of apoptosis in
pancreatic cancer cells. Cancer 106:
2503–2513.
49. G a r r i o c k R J , Wa r k m a n A S ,
Meadows SM, D'Agostino S, Krieg
PA (2007). Census of vertebrate Wnt
genes: isolation and developmental
expression of Xenopus Wnt2, Wnt3,
Wnt9a, Wnt9b, Wnt10a, and Wnt16.
Dev Dyn 236:1249-1258.
50. Nusse R, Van Ooyen A, Cox D, Fung
Y K, Vaemus H (1984). Mode of
Proviralactivation of a putative
mammary oncogene (int-I) on mouse
chromosome 15. Nature 307:131136.
51. Li Y, Welm B, Podsypanina K, et al.
(2003). Evidence that transgenes
encoding components of the Wnt
signaling pathway preferentially
induce mammary cancers from
progenitor cells. Proc Natl Acad Sci

Potentiation of Curcumin and Wnt/β-catenin signaling in breast cancer 100

USA 100:15853-15858.
52. Povelones M, Nusse R (2000). Wnt
signaling sees spots. Nat Cell Bio 97:
4262-4266.
53. Wodarz A, Nusse R (1998).
Mechanisms of Wnt signaling in
development. Annu Rev Cell Dev
Biol 14:59-88.
54. Goodwin AM, D'Amore PA (2002).
Wnt signaling in the vasculature.
Angiogenesis 5:1-9.
55. Ross SE, Hemati N, Longo KA, et
al.(2000). Inhibition of Adipogenesis
by Wnt Signaling. Science 289: 950953.
56. Cadigan KM, Liu YI (2006). Wnt
signaling: complexity at the surface.
J Cell Sci 119:395-402.
57. Kitagawa M, Hatakeyama S, Shirane
M, et al. (1999). An F-box protein,
FWD1, mediates ubiquitindependent proteolysis of betacatenin. EMBO J 18: 2401-2410.
58. Liu C, Kato Y, Zhang Z, Do VM,
Yankner BA, He X (1999). β-Trcp
couples beta-catenin
phosphorylation-degradation and
regulates Xenopus axis formation.
Proc Natl Acad Sci U S A 96: 62736278.
59. Lee JS, Ishimoto A, Yanagawa S
(1999). Characterization of mouse
dishevelled (Dvl) proteins in

Wnt/Wingless signaling pathway. J
Biol Chem 274: 21464-21470.
60. Tamai K, Zeng X, Liu C, et al.
(2004). A mechanism for Wnt
coreceptor activation. Mol Cell 13:
149-156.
61. Abraham SC, Reynolds C, Lee JH, et
al. (2002). Fibromatosis of the breast
and mutations involving the
APC/beta-catenin pathway. Hum
Pathol 33: 39-46.
62. Jönsson M, Borg A, Nilbert M,
Andersson T (2000). Involvement of
adenomatous polyposis coli
(APC)/beta-catenin signaling in
human breast cancer. Eur J Cancer
36: 242-248.
63. Lin SY, Xia W, Wang JC, et al.
(2000). Beta-catenin, a novel
prognostic marker for breast cancer:
its roles in cyclin D1 expression and
cancer progression.
ProcNatlAcadSci U S A 97: 42624266.
64. Ryo A, Nakamura M, Wulf G, Liou
YC, Lu KP (2001). Pin1 regulates
turnover and subcellular localization
of beta-catenin by inhibiting its
interaction with APC. Nat Cell Biol
3: 793-801.
65. Prasad CP, Gupta SD, Rath G, Ralhan
R (2007). Wnt signaling pathway in
invasive ductal carcinoma of the
breast: relationship between betacatenin, disheveled and cyclin D1

101 Gayatri Rath

expression. Oncology 73: 112-117.
66. Lejeune S, Huguet EL, Hamby A,
Poulsom R, Harris AL (1995). Wnt5a
cloning, expression, and upregulation in human primary breast
cancers. Clin Cancer Res 1: 215-222.
67. H u g u e t E L , M c M a h o n J A ,
McMahon AP, Bicknell R, Harris AL
(1994). Differential expression of
human Wnt genes 2, 3, 4, and 7B in
human breast cell lines and normal
and disease states of human breast
tissue. Cancer Res 54: 2615-2621.
68. Bui TD, Rankin J, Smith K, et al.
(1997). A novel human Wnt gene,
WNT10B, maps to 12q13 and is
expressed in human breast
carcinomas. Oncogene 14: 12491253.
69. Bergstein I, Schultz R, Osborne MP,
Welcsh PL, Bowcock AM, Brown
AM(1995). Investigation of the
possible role of WNT genes in human
breast cancer. Ann N Y Acad Sci 768:
257.
70. Kirikoshi H, Sekihara H, Katoh M
(2001). Expression of WNT14 and
WNT14B mRNAs in human cancer,
up-regulation of WNT14 by IFN
gamma and up-regulation of
WNT14B by beta-estradiol. Int J
Oncol 6: 1221-1225.
71. Banerjee S, Sengupta K, Saxena NK,
Dhar K, Banerjee SK (2005).

Epidermal growth factor induces
WISP-2/CCN5 expression in
estrogen receptor-alpha-positive
breast tumor cells through multiple
molecular cross-talks. Mol Cancer
Res 3: 151-162.
72. Veeck J, Niederacher D, An H, et al.
(2006). Aberrant methylation of the
Wnt antagonist SFRP1 in breast
cancer is associated with
unfavourable prognosis. Oncogene
25: 3479-3488.
73. Lo PK, Mehrotra J, D'Costa A, et al.
(2006). Epigenetic suppression of
secreted frizzled related protein 1
(SFRP1) expression in human breast
cancer. Cancer Biol Ther 5: 281-286.
74. Klopocki E, Kristiansen G, Wild PJ,
et al. (2004). Loss of SFRP1 is
associated with breast cancer
progression and poor prognosis in
early stage tumors. Int J Oncol 25:
641-649.
75. Nagahata T, Shimada T, Harada A, et
al. (2003). Amplification, upregulation and over-expression of
DVL-1, the human counterpart of the
Drosophila disheveled gene, in
primary breast cancers. Cancer Sci
94: 515-518.
76. Prasad CP, Mirza S, Sharma G, et al.
(2008). Epigenetic alterations of
CDH1 and APC genes: relationship
with activation of Wnt/beta-catenin
pathway in invasive ductal
carcinoma of breast. Life Sci 83: 318-

Potentiation of Curcumin and Wnt/β-catenin signaling in breast cancer 102

325.
77. Prasad CP, Rath G, Mathur S,
Bhatnagar D, Parshad R, Ralhan R
(2009). Expression analysis of Ecadherin, Slug and GSK3beta in
invasive ductal carcinoma of breast.
BMC Cancer 9:325.
78. Schlosshauer PW, Brown SA,
Eisinger K, et al. (2000). APC
truncation and increased beta-catenin
levels in a human breast cancer cell
line. Carcinogenesis 21: 1453-1456.
79. EstellerM, Sparks A, Toyota M, et al.
(2000). Analysis of adenomatous
polyposis coli promoter
hypermethylation in human cancer.
Cancer Res 60: 4366-4371.
80. V i r m a n i A K , R a t h i A ,
Sathyanarayana UG, et al. (2001).
Aberrant methylation of the
adenomatous polyposis coli (APC)
gene promoter 1A in breast and lung
carcinomas. Clin Cancer Res 7:
1998-2004.
81. Parrella P, Poeta ML, Gallo AP, et al.
(2004). Nonrandom distribution of
aberrant promoter methylation of
cancer-related genes in sporadic
breast tumors. Clin Cancer Res 10:
5349-5354.
82. Moon RT, Kohn AD, De Ferrari GV,
Kaykas A (2004). WNT and betacatenin signalling: diseases and
therapies. Nat Rev Genet 5: 691-701.

83. Jaiswal AS, Marlow BP, Gupta N,
Narayan S (2002). Beta-cateninmediated transactivation and
cell–cell adhesion pathways are
important in curcumin
(diferuylmethane)-induced growth
arrest and apoptosis in colon cancer
cells. Oncogene 21: 8414–8427.
84. Park CH, Hahm ER, Park S, Kim HK,
Yang CH (2005). The inhibitory
mechanism of curcumin and its
derivative against beta-catenin/Tcf
signaling. FEBS Lett 579:
2965–2971.
85. Yan C, Jamaluddin MS, Aggarwal B,
Myers J, Boyd DD (2005). Gene
expression profiling identifies
activating transcription factor 3 as a
novel contributor to the proapoptotic effect of curcumin. Mol
Cancer Ther 4: 233–241.
86. Ryu MJ, Cho M, Song JY, et al.
(2008). Natural derivatives of
curcumin attenuate the Wnt/betacatenin pathway through downregulation of the transcriptional
coactivator p300. BiochemBiophys
Res Commun 377: 1304–1308.
87. Mann B, Gelos M, Siedow A, et al.
(1999). Target genes of beta-cateninT cell-factor/ lymphoid-enhancerfactor signaling in human colorectal
carcinomas. ProcNatlAcadSci U S A
96: 1603–1608.
88. Prasad CP, Rath G, Mathur S,
Bhatnagar D, Ralhan R (2009).

103 Gayatri Rath

Potent growth suppressive activity of
curcumin in human breast cancer
cells: Modulation of Wnt/betacatenin signaling. ChemBiol Interact
181: 263-271.
89. Ireson CR, Jones DJ, Orr S, et al.
(2002). Metabolism of the cancer
chemopreventive agent curcumin in
human and rat intestine. Cancer
Epidemiol Biomarkers Prev 11: 105111.
90. Dhillon N, AggarwalBB, Newman
RA, et al. (2008). Phase II trial of
curcumin in patients with advanced
pancreatic cancer. Clin. Cancer Res
14: 4491–4499.
91. Shoba G, Joy D, Joseph T, Majeed M,
Rajendran R, Srinivas PS (1998).
Influence of piperine on the
pharmacokinetics of curcumin in
animals and human volunteers.
Planta Med 64: 353-356.
92. Cheng AL, Hsu CH, Lin JK, et al.
(2001).Phase I clinical trial of
curcumin, a chemopreventive agent,
in patientswith high-risk or
premalignant lesions. Anticancer Res
21: 2895-2900.
93. Sharma RA, Gescher AJ, Steward
WP (2005). Curcumin: the story so
far. Eur J Cancer 41: 1955-1968.
94. Maiti K, Mukherjee K, Gantait A,
Saha BP, Mukherjee PK (2007).
Curcumin-phospholipid complex:
preparation, therapeutic evaluation

and pharmacokinetic study in rats. Int
J Pharm 330: 155-163.
95. Adams BK, Ferstl EM, Davis MC, et
al. (2004). Synthesis and biological
evaluation of novel curcumin
analogs as anti-cancer and antiangiogenesis agents. Bioorg Med
Chem 12: 3871-3883.
96. Salmaso S, Bersani S, Semenzato A,
Caliceti P (2007). New
cyclodextrinbio conjugates for active
tumour targeting. J Drug Target 15:
379-390.
97. Marczylo TH, Verschoyle RD,
Cooke DN, Morazzoni P, Steward
WP, Gescher AJ (2007). Comparison
of systemic availability of curcumin
with that of curcumin formulated
with phosphatidylcholine. Cancer
ChemotherPharmacol 60: 171-177.
98. Anand P, Nair HB, Sung B, et al.
(2010). Design of curcumin-loaded
PLGA nanoparticles formulation
with enhanced cellular uptake, and
increased bioactivity in vitro and
superior bioavailability in vivo.
BiochemPharmacol 79: 330-338.
99. Al-Hujaily EM, Mohamed AG, AlSharif I, et al. (2011). PAC, a novel
curcumin analogue, has anti-breast
cancer properties with higher
efficiency on ER-negative cells.
Breast Cancer Res. Treat 128:
97–107.

Potentiation of Curcumin and Wnt/β-catenin signaling in breast cancer 104

100. Mulik RS, Mönkkönen J, Juvonen
RO, Mahadik KR, Paradkar AR
(2010). Transferrin mediated solid
lipid nanoparticles containing
curcumin: Enhanced in vitro
anticancer activity by induction of
apoptosis. Int J Pharm 398: 190-203.
101. Tang H, Murphy CJ, Zhang B, et al.
(2010). Amphiphilic curcumin
conjugate- forming nanoparticles as
anticancer prodrugand drug carriers:
in vitro and in vivo effects. Nanomed
5: 855-865.
102. Bayet-Robert M, Kwiatkowski F,
Leheurteur M, et al (2010). Phase I
dose escalation trial of docetaxel plus
curcumin in patients with advanced
and metastatic breast cancer. Cancer
Biol Ther 9: 8–14.
103. DeBusk RM (2000). Dietary
supplements and cardiovascular

disease. CurrAtheroscler Rep 2:
508–514.
104. KawanishiS, Oikawa S, Murata M
(2005). Evaluation for safety of
antioxidant chemo-preventive
agents. Antioxid Redox signaling 7:
1728–1739.
105. Somasundaram S, Edmund NA,
Moore DT, Small GW, Shi YY,
Orlowski RZ (2002). Dietary
curcumin inhibits chemotherapyinduced apoptosis in models of
human breast cancer. Cancer Res 62:
3868–3875.
106. S o m a s u n d a r a m R , J a c o b L ,
SwobodaR, et al. (2002). Inhibition
of cytolytic T lymphocyte
proliferation by autologous
CD4+/CD25+ regulatory T cells in a
colorectal carcinoma patient is
mediated by transforming growth
factor-β. Cancer Res 62: 5267–5272.

