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Abstract
Anticancer properties of Garcinia indica–derived garcinol are just beginning to be elucidated. We
have earlier reported its cancer cell–specific induction of apoptosis in breast cancer cells, which
was mediated through the downregulation of NF-κB signaling pathway. To gain further
mechanistic insight, here, we show for the first time that garcinol effectively reverses epithelial-to-
mesenchymal transition (EMT), that is, it induces mesenchymal-to-epithelial transition (MET) in
aggressive triple-negative MDA-MB-231 and BT-549 breast cancer cells. This was associated
with upregulation of epithelial marker E-cadherin and downregulation of mesenchymal markers
vimentin, ZEB-1, and ZEB-2. We also found that garcinol upregulates the expression of miR-200
and let-7 family microRNAs (miRNAs), which provides a molecular mechanism for the observed
reversal of EMT to MET. Transfection of cells with NF-κB p65 subunit attenuated the effect of
garcinol on apoptosis induction through reversal of MET to EMT. Forced transfection of p65 and
anti-miR-200s could also reverse the inhibitory effect of garcinol on breast cancer cell invasion.
Moreover, treatment with garcinol resulted in increased phosphorylation of β-catenin concomitant
with its reduced nuclear localization. The results were also validated in vivo in a xenograft mouse
model where garcinol was found to inhibit NF-κB, miRNAs, vimentin, and nuclear β-catenin.
These novel findings suggest that the anticancer activity of garcinol against aggressive breast
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cancer cells is, in part, due to reversal of EMT phenotype, which is mechanistically linked with the
deregulation of miR-200s, let-7s, NF-κB, and Wnt signaling pathways.

Introduction
Cancer is a major public health problem in the United States and worldwide. In particular,
breast cancer continues to affect lives of millions of women. In the United States alone, it is
estimated that 226,870 new cases of breast cancer will be reported in the year 2012 (1). This
places breast cancer on top of the list of cancers that affect females. Although the last decade
has seen a decline in the mortality associated with breast cancer, due to detection and
intervention at an early stage, the estimation that 39,510 patients with breast cancer will die
in the year 2012 (1) is still alarming. This calls for an urgent development of novel
therapeutic agents for the targeted treatment of breast cancer.

We recently reported the anticancer activity of a naturally occurring chemical compound,
garcinol, against breast cancer cells (2). Garcinol (Fig. 1A) is a polyisoprenylated
benzophenone derivative that is obtained from Garcinia indica extracts (3). Early studies
with garcinol focused on its antioxidant abilities (3–5), but gradually its potent anticancer
activity was recognized as well (5–16). Despite the increasing interest in anticancer activity
of garcinol, the exact molecular mechanism of its action is not yet known. A number of
different mechanisms have been proposed, including inhibition of histone acetyltransferases
(17) and induction of reactive oxygen species (15). We have previously reported regulation
of NF-κB signaling pathway by garcinol as one of the mechanisms by which it inhibits cell
proliferation and induces apoptosis in breast cancer cells (18). This was shown to occur
through a direct inhibition of constitutive NF-κB activity as well as downregulation of NF-
κB – regulated genes. NF-κB signaling cross-talk with a number of oncogenic path-ways
leading to invasion and metastasis of cancer cells has been reported (19), and therefore, we
designed the current study to further investigate the mechanistic details of anticancer action
of garcinol that involves NF-κB signaling as the key factor.

Earlier investigations from our laboratory have established that natural agents possess an
ability to modulate the expression of microRNAs (miRNAs), especially the miR-200 and
let-7 family of miRNAs that are involved in the regulation of epithelial-to-mesenchymal
transition (EMT; ref. 20). Because the process of EMT itself involves the crucial role of NF-
κB signaling in breast cancer cells (21), we questioned whether the mechanism of action of
garcinol could involve the regulation of novel miRNAs and the resulting EMT to MET
(mesenchymal-to-epithelial transition) through NF-κB signaling. Also, there is evidence to
suggest the influence of nutraceuticals on multiple signaling pathways, including the Wnt
signaling pathway (22), and that garcinol being a nutraceutical itself (16), it may regulate the
Wnt signaling cross-talk with NF-κB signaling (23). Therefore, this study was designed to
assess the effect of garcinol on Wnt signaling pathway and further assessed the mechanistic
involvement of novel miRNAs, EMT, and NF-κB in the regulation of Wnt signaling. The
mechanistic details were studied not only in vitro but also in vivo in a mouse xenograft
model.

Materials and Methods
Cell lines and reagents

Human breast cancer cell lines MDA-MB-231 and BT-549 were cultured in Dulbecco's
Modified Eagle's Medium and RPMI, respectively, with 10% FBS and penicillin/
streptomycin. All cells were cultured in 5% CO2-humidified atmosphere at 37°C. Both of
these cell lines are classified as triple negative because of the absence of estrogen receptor
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(ER), progesterone receptor (PR), and Her-2/neu (ErbB2). The cell lines have been tested
and authenticated by the core facility (Applied Genomics Technology Center at Wayne State
University; Detroit, MI) through short tandem repeat profiling using the PowerPlex 16
System from Promega. Antibodies were purchased from following sources—vimentin
(Abcam), NF-κB p65 (Chemicon), β-catenin and p-β-catenin (Ser33/37/Thr41; Cell
Signaling), glycogen synthase kinase (GSK-3-β; Millipore), cyclin D1 (Santa Cruz
Biotechnology), and β-actin (Sigma-Aldrich).

Real-time reverse transcription PCR
Total RNA was isolated using Trizol reagent (Invitrogen) according to the manufacturer's
instructions. Real-time PCR was used to quantify mRNA expression. Sequences of primers
for E-cadherin, vimentin, ZEB1, ZEB2, and glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) were same as reported earlier (24) and the amount of RNA was normalized to
GAPDH expression. For miRNA analysis, total RNA was isolated using the mirVana
miRNA Isolation Kit (Ambion), as described previously (25). The levels of miRNAs were
determined using miRNA-specific Taqman MGB probes from the Taqman MicroRNA
Assay (Applied Biosystems). The relative amounts of miRNA were normalized to RNU6B.

Histone/DNA ELISA for detection of apoptosis
The Cell Death Detection ELISA Kit (Roche) was used to detect apoptosis in breast cancer
cells treated with garcinol, as described previously (26). Briefly, cells were treated with
garcinol or dimethyl sulfoxide (DMSO) control for 72 hours. After treatment, the
cytoplasmic histone/DNA fragments from these cells were extracted and incubated in the
microtiter plate modules coated with antihistone antibody. Subsequently, the peroxidase-
conjugated anti-DNA antibody was used for the detection of immobilized histone/DNA
fragments followed by color development with ABTS substrate for peroxidase. The
spectrophotometric absorbance of the samples was determined by using Ultra
Multifunctional Microplate Reader (TECAN) at 405 nm.

Transfection experiments
For transfection studies with p65 cDNA, cells were first seeded in a 6-well plate (200,000
cells per well), incubated at 37°C for 24 hours, and then transfected with NF-κB p65 cDNA
or control empty vector using ExGen 500 (Fermentas). After 48 hours, the p65 cDNA-
transfected cells were used in apoptosis and invasion assays or for assessing the expression
of EMT marker vimentin. For transfection of anti-miRNAs, cells were seeded at 2.5 × 105

cells per well in 6-well plates and transfected with appropriate anti-miRs or miRNA-
negative control at a final concentration of 600 to 200 nmol/L each of miR-200a, miR-200b,
and miR-200c anti-miRNAs (Ambion) using DharmaFECT4 transfection reagent
(Dharmacon). After 2 days of transfection, cells were split and transfected twice again
before the use of cells for specified experiments.

Preparation of cytoplasmic and nuclear lysates
Cell pellet was suspended in lysis buffer (0.08 mol/L KCl, 35 mmol/L HEPES (pH 7.4), 5
mmol/L potassium phosphate (pH 7.4), 5 mmol/L MgCl2, 25 mmol/L CaCl2, 0.15 mol/L
sucrose, 2 mmol/L phenylmethylsulfonyl fluoride, and 8 mmol/L dithiothreitol) and frozen
at −80°C, as described previously (27). Small aliquot of the cells were checked for cell
membrane breakage using trypan blue and cell suspensions were thawed and passed through
28-gauge needles 3 times followed by centrifugation. Supernatant was saved as cytoplasmic
lysate, whereas the pellet was suspended in lysis buffer, and the nuclei were lysed by
sonication. After centrifugation, supernatant was saved as nuclear lysate.
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Western blot analysis
For Western blot analysis, cells were lysed in radio-immunoprecipitation assay (RIPA)
buffer containing complete mini EDTA-free protease inhibitor cocktail (Roche) and
phosphatase inhibitor cocktails 1 and 2 (Sigma-Aldrich; ref. 25). After resolution through
12% PAGE under denaturing conditions, proteins were transferred to nitrocellulose
membranes, incubated with appropriate primary and horseradish peroxidase-conjugated
secondary antibodies, and further visualized using chemiluminescence detection system
(Pierce).

Cell invasion assay
Cell invasion assay was conducted using 24-well Trans-well Permeable Supports with 8 μm
pores (Corning), as described previously (25). Briefly, cells were suspended in serum-free
medium and seeded into the Transwell inserts coated with growth factor reduced Matrigel
(BD Bio-sciences). Bottom wells were filled with media containing complete media. After
24 hours, cells were stained with 4 μg/mL calcein (acetoxymethyl)-ester (calcein AM;
Invitrogen) in PBS at 37°C for 1 hour and photographed under a fluorescent microscope.
The cells were detached from inserts by trypsinization and fluorescence of the invaded cells
was read in ULTRA Multifunctional Microplate Reader (TECAN).

In vivo studies
Female homozygous ICR severe combined immunodeficient (SCID) mice, ages 4 weeks,
were used for our study. The animal experimental protocol was approved by the Committee
on the Ethics of Animal Experiments of Wayne State University Institutional Users of
Animal Care Committee. To initiate the xenografts, 5 × 106 MDA-MB-231 cells (in serum-
free medium) were injected subcutaneously in the flank areas of SCID mice bilaterally.
Animals were examined 3 times per week until they developed palpable tumors. Then, the
animals were randomly divided into 2 groups of 6 animals each (12 tumors per group
because of the bilateral tumors in each animal). Group I was assigned as control and
received only sesame seed oil without garcinol, whereas group II mice were administered
garcinol by oral gavage (5 mg/d/animal by oral gavage), 6 days per week for 4 weeks. Mice
from both groups were sacrificed at the end of garcinol treatment. Tumors were harvested
from each animal and processed for molecular analysis. There was no loss of weight or any
adverse effects were observed in garcinol-administered mice, suggesting nontoxic nature of
garcinol in mice.

Immunohistochemistry
Tissue sections were subjected to immunohistochemistry using specific antibodies for Ki-67,
CD31, E-cadherin, vimentin, and β-catenin. Tissue sections were deparaffinized, fixed, and
stained with appropriate antibodies, as described recently (28). Immunostained slides were
blindly evaluated by a trained pathologist (S. Sethi) under a transmission light microscope.
Areas of highest staining density were identified for evaluating the expression in tumors.

Data analysis
The experimental results presented in the figures are representative of 3 or more independent
observations. The data are presented as the mean values ± SE. Statistical comparisons
between the groups were done using one-way ANOVA. Values of P < 0.05 were considered
to be statistically significant and individual P-values are reported in the figures, as
appropriate.
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Results
Garcinol causes reversal of EMT to MET in aggressive breast cancer cells

The inhibition of cell proliferation and induction of apoptosis by garcinol has been
previously reported by our laboratory (2) and, therefore, we started our investigation by
looking at the expression of markers of EMT, which is one of the characteristics that defines
aggressiveness of breast cancer cells. We chose 2 breast cancer cell lines that represent
mesenchymal phenotype, MDA-MB-231 and BT-549, for understanding the mechanism of
anticancer effects of garcinol. We found that treatment with 25 μmol/L garcinol for 48 hours
resulted in a significant (P < 0.05) downregulation of mesenchymal markers, vimentin,
ZEB1, and ZEB2 in MDA-MB-231 as well as BT-549 cells (Fig. 1B) with concomitant
upregulation of epithelial marker E-cadherin in both the cell lines (Fig. 1B), which was
found to be highly significant (P < 0.01). These results suggest an effective switch from
MET phenotype of breast cancer cells when exposed to garcinol.

Garcinol-mediated MET involves regulation of miRNAs
It is increasingly being realized that the phenomena of EMT, that defines the aggressiveness
of cancer cells, is regulated by the loss or gain of miRNAs (29). In particular, 2 families of
miRNAs, miR-200 family and let-7 family, have been implicated in the maintenance and
regulation of EMT to MET switch (29). Because we observed a change in the expression of
EMT markers after treatment with garcinol (Fig. 1B), we proceeded to quantitate the
expression of miR-200 and let-7 miRNAs to evaluate whether these miRNAs could play a
role in garcinol-mediated switch from MET phenotype. As shown in Fig. 2, we found that
garcinol upregulated the expression of miR-200 family miRNAs in MDA-MB-231 cells
(Fig. 2A) and BT-549 cells (Fig. 2C). Upregulation of miR-200b and miR-200c family
members was determined to be significant. An evaluation of let-7 family miRNAs revealed
that let-7a, let-7e, and let-7f were significantly upregulated by garcinol in MDA-MB-231
(Fig. 2B) and BT-549 cells (Fig. 2D). Because miR-200 and let-7 family miRNAs are
determinants of the epithelial phenotype (29), these results are in agreement with the
observation that garcinol induces the expression of epithelial markers, which provides a
mechanism, by which this natural agent leads to the induction of MET phenotype in
aggressive breast cancer cells making it less aggressive as presented below.

Overexpression of NF-κB abrogates the anticancer activity of garcinol
Our earlier results have shown downregulation of NF-κB activity by garcinol treatment (2),
and here, we tested the effect of garcinol on the expression of NF-κB, as determined by the
expression of its p65 subunit. We found that exposure of cells to garcinol significantly
downregulated the expression of NF-κB p65 (Fig. 3A). To further test whether this
downregulation of NF-κB could be functionally linked with the reversal of EMT to MET
phenotype, we questioned whether overexpression of p65 can protect cells against garcinol-
mediated downregulation of mesenchymal markers. Using vimentin, ZEB1, and ZEB2 as
markers for mesenchymal phenotype, we studied their expression in garcinol-treated cells,
with and without overexpression of NF-κB p65. As expected, expression of vimentin, ZEB1
as well as ZEB2 was significantly downregulated by garcinol in both MDA-MB-231 and
BT-549 cells (Fig. 3B), whereas transfection of p65 restored their expression, suggesting a
critical role of NF-κb signaling in garcinol-mediated MET. We also tested whether p65
over-expression can reverse the apoptosis-inducing activity of garcinol, and found that
garcinol-induced apoptosis was significantly reduced in both MDA-MB-231 and BT-549
cells that were subjected to forced overexpression of NF-κB p65 (Fig. 3C). Such inhibition
of garcinol activity was observed at all the concentrations tested.
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Mechanistic role of NF-κB and miRNAs in invasion of breast cancer cells
To test whether the observed effects of garcinol on the phenotype of breast cancer cells can
be validated functionally, we conducted invasion assays. Treatment of invasive MDA-
MB-231 cells by increasing doses of garcinol significantly reduced the number of cells that
could invade through the Matrigel-coated wells (Fig. 4A). To ascertain a mechanistic role of
NF-κB and miRNAs in the inhibition of invasion by garcinol, we either overexpressed NF-
κB p65 or antagonized the expression of miR-200s in MDA-MB-231 cells, and studied the
effect of garcinol. We found that overexpression of NF-κB as well as inhibition of miR-200s
could significantly attenuate the garcinol-mediated inhibition of invasion (Fig. 4B and C).
These results strongly suggest that downregulation of NF-κB signaling and upregulation of
miR-200s is the potential molecular mechanism(s) by which garcinol inhibits invasion of
aggressive breast cancer cells.

Role of Wnt signaling pathway in garcinol-mediated effects
In view of the cross-talk between NF-κB and Wnt signaling pathways in human cancers (23,
30), we further studied the effect of garcinol treatment on Wnt signaling pathway to
elucidate the mechanism of anticancer action of garcinol. We observed an inhibition of β-
catenin in garcinol-treated MDA-MB-231 as well as BT-549 cells (Fig. 5). β-Catenin levels
were found to be decreased in cytosolic fraction and, much more significantly, in the nuclear
fraction. An increase in the phosphorylated form of β-catenin was also found after garcinol
treatment (Fig. 5). Because phosphorylated β-catenin is targeted for degradation, this might
help explain the observed reduced levels of β-catenin in garcinol-treated cells. GSK-3β, the
factor that phosphorylates β-catenin, was found to be upregulated by garcinol (Fig. 5). This
establishes the complete mechanism by which garcinol regulates Wnt signaling, resulting in
the inhibition of nuclear translocation of β-catenin. To further verify an effective inhibition
of β-catenin by garcinol, we evaluated the expression of cyclin D1, a downstream target of
β-catenin. We found a significant downregulation of cyclin D1 expression in both the cell
lines after garcinol treatment (Fig. 5). These observations indicate a potent inhibitory action
of garcinol on Wnt signaling pathway.

In vivo anticancer activity of garcinol
To verify whether our in vitro cell culture findings could be recapitulated in vivo, we used a
xenograft mouse model to study the anticancer activity of garcinol. Tumor remnants were
processed for present studies. Analyses of proteins, by Western blotting, revealed
downregulation of p65, vimentin, and nuclear β-catenin in tumors of garcinol-administered
mice (Fig. 6A). Furthermore, we found differential expression of various miR-200 and let-7
family miRNAs. The levels of miR-200b, miR-200c, let-7a, let-7e, and let-7f were
significantly upregulated in the mice that received garcinol (Fig. 6B). We also conducted
immunohistochemical (IHC) analysis to study the in vivo effects of garcinol on tumor
growth from our xenograft model (Fig. 6C). Ki-67 and CD31 immunostaining revealed
increased rate of proliferation and vascular density, respectively, in control tumors and both
of which were significantly inhibited in garcinol-treated mice (Fig. 6C). Immunostain for
EMT markers confirmed the reversal of EMT by garcinol wherein garcinol-treated tumors
had upregulated E-cadherin and decreased vimentin (Fig. 6C). Finally, β-catenin expression
in the tumor remnant was also found to be inhibited in garcinol-treated mice (Fig. 6C).
These results are in full agreement with our observations in vitro, suggesting the mechanistic
role of NF-κB, miRNAs, and Wnt signaling as molecular targets of garcinol in mediating its
biologic activity.
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Discussion
The major conclusions of our present study are: (i) garcinol induces MET in aggressive
breast cancer cells consistent with decreased mesenchymal markers and upregulated
epithelial marker and miRNAs; (ii) forced overexpression of NF-κB abrogates garcinol-
induced MET, induction of apoptosis, and inhibition of invasion; and (iii) garcinol also
inhibits Wnt signaling pathway in breast cancer cells. In addition to in vitro assays, we
carried out experiments in a xenograft mouse model in which we confirmed that the
observed modulatory effects of garcinol on EMT, miRNAs, and Wnt signaling in vitro can
be recapitulated in vivo as well.

We have earlier reported an antiproliferative and apoptosis-inducing effect of garcinol
against ER-positive MCF-7 cells as well as in the triple-negative MDA-MB-231 cells (2).
Our results were significant because we found the activity of garcinol to be cancer cell–
specific without any effect on the normal breast epithelial MCF10A cells. Breast cancers
that express ER, PR, and Her-2/neu (ErbB2) can be treated using targeted therapy; however,
a major challenge lies for those tumors that are negative for these receptors (triple negative).
About 15% to 21% of breast cancers fall under this category and they are known to be
highly aggressive. A growing body of literature suggests that naturally occurring chemical
compounds are potent anticancer agents (31). Owing to their pleiotropic nature, they are
particularly suited to target difficult to treat cancers, such as triple-negative breast cancers.
In addition to the breast cancer, we also showed that garcinol can inhibit the cell growth and
induce apoptosis in prostate cancer cells, irrespective of their androgen receptor status as
well as in pancreatic cancer cells (18); however, the molecular mechanism of garcinol has
not been fully elucidated.

These earlier investigations with garcinol (2, 18) indicated its anticancer activity that was
not dependent on the presence or absence of any receptors, suggesting the pleiotropic
(multitargeting) activity of garcinol. We have identified NF-κB signaling as a major player
that was affected by garcinol in breast, prostate, as well as in pancreatic cancer cells (2, 18).
The role of NF-κB signaling pathway in the progression of human cancers is well
recognized (32). However, NF-κB signaling cross-talks with multiple pathways (19), and
the current study was designed to further understand the intricate details of mechanistic
pathways that cross-talk with NF-κB signaling and further define the anticancer activity of
garcinol. Specifically, we focused on 2 processes, EMT and Wnt signaling because both of
them are connected to NF-κB signaling.

EMT is a phenomenon that is accompanied by increased cell motility and invasion, and
involves loss of epithelial cell–cell junction and actin cytoskeleton reorganization. EMT is
also regulated by miR-200 and let-7 family of miRNAs (20). These miRNAs are expressed
in epithelial and less-differentiated cells, and their expression is lost or downregulated in
more aggressive cancer cells that underwent EMT. Wnt is another signaling pathway of
interest in the study of aggressive cancers (22). The canonical Wnt pathway is associated
with a series of events that occur when Wnt proteins binds to cell surface receptors,
ultimately resulting in the translocation of β-catenin to the nucleus. A complex set of factors
including GSK-3β are involved in this signaling, which promote the proteolytic degradation
of β-catenin, but once this complex is inhibited, β-catenin enters the nucleus leading to the
expression of multiple prosurvival signals, such as induced expression of cyclin D1 among
others.

Our findings suggest a novel effect of garcinol on EMT and Wnt signaling pathways.
Garcinol treatment of breast cancer cells with EMT phenotype led to its reversal to MET
phenotype. This effect of garcinol was, in part, mediated through the upregulation of
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miR-200 and let-7 family miRNAs. While all these signaling pathways/factors
independently influence the aggressiveness of breast cancer cells, it is interesting to note that
NF-κB serves as a converging point of multiple signaling cascades. There is strong evidence
suggesting a cross-talk between NF-κB and EMT/Wnt signaling (21, 23, 30). Our recently
published work, involving an experimental metastasis model, has revealed a connection
between EMT and miR-200 family (25), which is a direct evidence in support of the role of
miR-200 family leading to EMT in aggressive breast cancers. Interestingly, there is also
evidence to support regulation of Wnt signaling by miR-200 family. Specifically, β-catenin
has been suggested to be a target of miR-200a (33, 34). Our results indicate a significant
effect of garcinol on miR-200b, miR-200c, and β-catenin, but not on miR-200a. Taken
together, our observation also revealed that several let-7 family miRNAs are also regulated
by garcinol, therefore it is reasonable to speculate that the regulation of these miRNAs
(miR-200 and let-7) by garcinol could be relevant to its observed effects on EMT. The
modulation of Wnt signaling, however, could be an outcome of a direct action of garcinol on
GSK-3β and/or β-catenin because the involvement of miRNAs in Wnt signaling regulation
by garcinol is yet not conclusive, suggesting that further in-depth investigation is warranted.

An exhaustive survey of literature reveals that even with emerging anticancer reports of
garcinol, not much is known about its in vivo effects. A majority of garcinol reports have
only focused on its in vitro activity. Here, we not only have identified novel targets of
garcinol, but also recapitulated our in vitro findings with in vivo results. On the basis of our
in vitro and in vivo observations, garcinol deserves to join the elite group of nutraceuticals
that are useful to regulate the expression of miRNAs (35). This opens an entire new area of
research, which can potentially help us uncover novel targets/mechanisms of regulation of
cellular signaling pathways by such novel anticancer agents, although further mechanistic
characterization of garcinol along with its anticancer activity against human malignancies is
warranted.
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Figure 1.
Chemical structure of garcinol (A) and effect of garcinol on the expression of EMT markers
(B). Cells were treated with 25 μmol/L garcinol for 48 hours, and the expression of
epithelial marker, E-cadherin and mesenchymal markers, vimentin, ZEB1, and ZEB2 was
evaluated by real-time reverse transcription PCR. *, P < 0.05 and **, P < 0.01 versus
respective vehicle controls.
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Figure 2.
Effect of garcinol on the expression of miR-200 family in MDA-MB-231 (A) and BT-549
(C), and on let-7 family in MDA-MB-231 (B) and BT-549 (D) breast cancer cells. Cells
were treated with 25 μmol/L garcinol for 48 hours, and analysis was done by real-time
reverse transcription PCR. *, P < 0.05 and **, P < 0.01 versus respective vehicle controls.
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Figure 3.
A, garcinol downregulated NF-κB expression. Overexpression of NF-κB reversed the effect
of garcinol (G) in B, mesenchymal markers vimentin, ZEB1, and ZEB2, and garcinol-
induced apoptosis in both the cell lines tested (MDA-MB-231 and BT-549; C).*, P < 0.05
and **, P < 0.01 versus respective vehicle controls. OD, optical density.
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Figure 4.
A, garcinol dose dependently inhibited the invasion of MDA-MB-231 cells. B and C, effect
of NF-κB p65 and anti-miR-200 transfection on garcinol-induced inhibition of invasion of
MDA-MB-231 cells. C, control (vehicle treatment); G, cells treated with 25 μmol/L
garcinol; G + p65, cells transfected with NF-κB p65 followed by 25 μmol/L garcinol
treatment, G + miR-200s, cells transfected with anti-miR-200s (anti-miR-200a + anti-
miR-200b + anti-miR-200c) followed by garcinol treatment. Bar graphs represent
quantitation of the degree of invasiveness as determined by fluorescence values under each
condition. *, P < 0.05 and **, P < 0.01 versus vehicle control. AFU, arbitrary fluorescence
units.
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Figure 5.
Effect of garcinol on Wnt signaling. MDA-MB-231 cells were treated with 25 μmol/L
garcinol for 48 hours and the expression of various Wnt signaling factors was evaluated by
Western blotting. C, control (vehicle-treated) cells; G, garcinol-treated cells. β-Actin was
used as the internal loading control.
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Figure 6.
Garcinol inhibits NF-κB/EMT/miRNAs/Wnt signaling in vivo. MDA-MB-231 cells were
injected in SCID mice subcutaneously and mice were randomized into 2 groups: control and
garcinol-treated (n = 6 in each group). Tumor remnants were used to isolate proteins, RNA,
and for IHC analyses. A, downregulation of NF-κB, mesenchymal marker vimentin, and
nuclear β-catenin in tumor remnants as determined by Western blot analysis. C, control
tumor; G, tumor from garcinol-treated animal. B, induction of several miR-200 and let-7
family miRNAs in tumors of garcinol-administered mice. C, IHC staining for proliferation
marker Ki-67, vascular density marker CD31, epithelial marker E-cadherin, mesenchymal
marker vimentin, and β-catenin in representative tumor samples. CD31 stains are shown at
×20 magnification, whereas all others are shown at ×40 magnification. *, P < 0.05 in treated
tumors against vehicle control.
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