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Abstract
Breast cancer (BC) patients use alternative and natural remedies more than patients with other
malignancies. Specifically, 63%–83% use at least one type of alternative medicine and 25%–63%
use herbals and vitamins. Propolis is a naturopathic honeybee product, and CAPE (caffeic acid
phenethyl ester), is a major medicinal component of propolis. CAPE, in a concentration dependent
fashion, inhibits MCF-7 (hormone receptor positive, HR+) and MDA-231 (a model of triple-
negative BC (TNBC) tumor growth, both in vitro and in vivo without much effect on normal
mammary cells and strongly influences gene and protein expression. It induces cell cycle arrest,
apoptosis and reduces expression of growth and transcription factors, including NF-κB. Notably,
CAPE down-regulates mdr-1 gene, considered responsible for the resistance of cancer cells to
chemotherapeutic agents. Further, CAPE dose-dependently suppresses VEGF formation by
MDA-231 cells and formation of capillary-like tubes by endothelial cells, implicating inhibitory
effects on angiogenesis. In conclusion, our results strongly suggest that CAPE inhibits MDA-231
and MCF-7 human breast cancer growth via its apoptotic effects, and modulation of NF-κB, the
cell cycle, and angiogenesis.
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1. INTRODUCTION
The use of alternative remedies for the treatment of cancer is a $45 billion dollar industry,
which includes a $2 billion practitioner channel supplement market [1]. Up to 80% of cancer
patients use complementary or alternative medicine [2], while at least one third of them use
alternative medicines in combination with allopathic treatment [3]. More often than not,
cancer patients use these supplements despite recommendations by their physicians not to
use them. Even more concerning is the fact that many cancer patients do not disclose the use
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of these alternative therapies while taking traditional hormonal or chemotherapeutic agents.
These sentiments remain difficult to change despite the fact that most oncologists strongly
discourage the use of such agents because of the lack of evidence showing benefit, the
absence of supportive scientific data, and the concern about drug:drug interactions. Breast
cancer (BC) patients, in particular, have become very enamored with the use of alternative
and natural remedies for their cancer more than patients with other malignancies [4]. More
specifically, up to 63% – 83% of BC patients use at least one type of alternative medicine
and 25% – 63% take herbal and vitamin remedies [5–8].

Caffeic acid phenethyl ester (CAPE; the structure is shown in Figure 1) is one of the main
medicinal components of propolis. Propolis is a naturopathic formulation collected by
honeybees from buds and exudates of conifer trees and plants. It is used by the bees as a
protective barrier in the hive. Most importantly, it has been used safely since ancient times
in folk medicine for its pharmaceutical properties [9–11]. There are different types of
propolis based on geography, including Europe, New Zealand, Brazil, China and it contains
a variety of chemical compounds such as flavonoids, phenolic acids, and their esters,
terpenoids, steroids and amino-acids [12]. CAPE was synthesized in 1988 at Columbia
University [13] and later found to be a potent anticancer ingredient in propolis [14–16].
CAPE possesses a plethora of important biological activities, including antibacterial,
antiviral, antioxidant, anti-inflammatory, and anti-cancer [17–20]. CAPE is a well-known
and well-documented inhibitor of the transcription factor nuclear factor kappa B (NF-κB)
[21–23] as well as an inducer of apoptosis. CAPE-mediated apoptosis is accompanied by
activation of caspase-3, down-regulation of Bcl-2, and up-regulation of Bax in human
leukemic HL-60 cells, [24]. At low doses, CAPE also suppresses lipid peroxidation [25] and
displays antioxidant activity [26, 15].

CAPE kills various types of cancer cells but is innocuous to normal cells. There are several
studies reporting the in vitro and in vivo inhibitory effects of CAPE in multiple cancer
models, such as colon cancer [27], lung cancer [28], melanoma [29], glioma [30], pancreatic
cancer [31], gastric cancer [32], cholangiocarcinoma [33], hepatocellular carcinoma [34],
and our data in breast cancer [35–39]. The role of CAPE as an inhibitor of angiogenesis,
tumor metastasis and invasion has been demonstrated in several models of angiogenesis,
both in vitro [40] and in vivo in colon cancer cells [41]. Another key growth factor in
tumorigenesis is the epidermal growth factor receptor (EGFR) or ErbB family of receptor
tyrosine kinases. In fact, ErbB2 is an important therapeutic target in breast tumors that
overexpress the receptor HER2/neu [42], while EGFR (ErbB1/HER1) is operational in
TNBC.

Breast cancer is a heterogeneous disease with a number of recognized biological subtypes,
including triple negative breast cancer (TNBC). TNBC is significantly more aggressive than
breast tumors of other molecular subtypes and although chemosensitiive, there are earlier
and frequent recurrences. Thus, mortality of TNBC patients is significantly greater than that
for patients with estrogen receptor-alpha (ER α) and progesterone receptor (PR) positive BC
[43]. Response rates in patients with metastatic breast cancer progressively decline with
advancing lines of treatment [44–45], possibly due to the tumor becoming resistant to a wide
variety of anticancer therapies [46]. Although targeted anticancer therapies, such as
trastuzumab, bevacizumab, and lapatinib have improved outcomes in patients with
metastatic breast cancer, these agents are also subject to mechanisms involved in cancer
resistance [47]. Unfortunately, drug resistance to all forms of systemic treatment (hormonal,
chemotherapy, and targeted agents) is estimated to render solid tumors lethal in more than
90% of patients with metastatic disease [48]. Therefore, there is a great need for new agents
that would increase survival of advanced BC patients and decrease treatment’s toxicity.
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In this study, we investigated the effect of CAPE in a breast cancer model, including tumor
growth both in vitro and in vivo and analyzed the effects on the cell cycle, apoptosis, and
angiogenesis in the hormone receptor negative (HR-) MDA-231 and hormone receptor
positive (HR+) MCF-7 breast cancer cell lines.

2. MATERIALS AND METHODS
2.1 Cells and Cell Culture

MDA-MB-231, MCF-7, MCF-10A and MCF-12A were purchased from the American Type
Culture Collection (ATCC, Manassas, VA), and used for in vitro and in vivo experiments.
MDA-MB-231 (MDA-231) cells were cultured in Leibowitz-15 (L-15) medium (Cellgro,
Manassas, VA) supplemented with 5% heat-inactivated fetal bovine serum (FBS) (Cellgro,
Manassas, VA) at 37 °C in a humidified incubator without CO2; MCF-7, MCF-10A and
MCF-12A were cultured in DMEM (Cellgro, Manassas, VA) supplemented with 10% heat-
inactivated FBS at 37°C in a humidified 5% CO2 incubator. All cells were passaged twice a
week and maintained in exponential growth.

2.2 Cytotoxicity and Cell Cycle Experiments
Cells were cultured in 6-well tissue culture plates at 3×105/well in 3 ml media for 12 h, then
incubated with different concentrations of CAPE (Sigma-Aldrich ) (0–40 µM) for another
72 h. The same volume of DMSO was used as the vehicle control for CAPE experiments at
a final concentration of 0.1%. At the end of incubation, a tetrazolium dye colorimetric test
(MTT test) was used to assess cell viability, as indicated by the conversion of tetrazolium
salts to a colored product, formazan, the concentration of which was measured
spectrophotometrically to calculate the IC50 value.

For apoptosis experiments, cells were seeded as above and then incubated with CAPE for 72
h. Cells were harvested, washed twice with PBS, and centrifuged. 1×105 cells were treated
with Annexin V-FITC and propidium iodide (PI) using the apoptosis Detection Kit (BD
Bioscience Pharmingen, San Jose, CA) and the manufacturer’s protocol. Annexin V-FITC
and PI binding were analyzed by flow cytometry on FACScalibur (Becton Dickinson)
without gating restrictions using 10,000 cells. Data were collected using logarithmic
amplification of both the FL1 (FITC) and FL2 (PI) channels. Quadrant analysis of co-
ordinate dot plots was performed with CellQuest software. Unstained cells were used to
adjust the photomultiplier voltage and for compensation setting adjustment in order to
eliminate spectral overlap between the FL1 and FL2 signals.

Cells for cell cycle experiments were seeded and cultured as above and, after 24 h, cells
were treated with varying doses of CAPE for 48 h. Samples were collected and fixed in cold
70% ethanol for 24 h. Fixed cells were washed with PBS and stained with propidium iodide
containing RNase A at 10 µg/ml. Cells were collected by flow cytometry (FACScalibur,
Becton Dickinson) and analyzed using ModFit Software.

2.3 Western Blotting
All antibodies used were obtained from Cell Signaling (Danvers, MA). Cells were seeded,
cultured and treated with CAPE for 48 h. Whole cell protein lysates were prepared
according to standard protocol using RIPA buffer (0.5 M Tris-HCl, pH 7.4, 1.5 M NaCl,
2.5% deoxycholic acid, 10% NP-40, 10 mM EDTA) (Upstate, CA). 30 µg protein was
loaded per well of a 10% SDS PAGE gel using electrophoresis buffer (Biorad). After
electrophoresis, the gel was transferred onto a PVD membrane (Biorad) using Running
buffer (Biorad). Membranes were blocked in TBS-T with 5% skim milk and incubated
overnight with the primary antibody (1:1000) then incubated with secondary peroxidase–
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linked antibody. Detection was done by enhanced chemoluminescence Western blotting
detection system (Amersham Biosciences). Anti–β-actin or α-tubulin was used to ensure
equal loading of protein on the gel.

2.4 Angiogenesis
CAPE effect on Tube Formation by Bovine Capillary Endothelial Cells (BCE) was
examined as follows: BCE cells (5×104/well) were grown for 24 h in 24-well plates coated
with Matrigel under normoxic or hypoxic conditions without treatment (controls), with 1.5-
µM (1.5 nmol/well) CAPE or bFGF (basic fibroblast growth factor) and capillary formation
assessed under the microscope.

To measure VEGF concentrations in culture medium, MDA-231 or MCF-7 cells were
cultured at 3×105 cells/3 ml medium/well in 6-well tissue culture plates for 12 h, then
treated with different CAPE concentrations (0–40 µM) for a further 48-h. Medium was
harvested and VEGF in the medium quantified using an enzyme linked immunosorbent
assay for human VEGF (ELISA, Invitrogen, Camarillo, CA).

2.5 Gene Expression Profile
Cells were seeded in 3 ml medium at 2.5×105/well of 6-well plates and allowed to attach
overnight, washed once with PBS, fresh growth medium (3 ml) added, and cells were treated
either with vehicle (DMSO) or CAPE in DMSO (10 µM stock solution) to reach a final
concentration of 10 µM CAPE (or 30 nmol/well, which equals 0.12 pmol/cell). After 48 h,
RNA was extracted using a Qiagen kit and analyzed by the gene array (Toxicology & Drug
Resistance GeneArray, SABiosciences), as suggested by the manufacturer.

Gene array consisted of 288 genes, of which 6 were positive controls (GAPDH and
ribosomal protein S27a) and two negative controls. Membranes were developed using
chemiluminescence reagents (provided by the kit), visualized on an X-ray film, digitally
transferred, and quantitated using Un-scan It software (Silk Sci. Corp.). The background was
subtracted and signals (pixels) normalized using positive controls, with a normalizing factor
being 1.08.

2.6 Breast Cancer Xenografts
All experiments using animals were performed according to the protocol approved by the
Institutional Animal Care and Use Committee at New York University School of Medicine.
MCF-7 cell injections: 1.25 × 106 cells in 0.2 ml/flank (1:1 Matrigel and growth medium)
were subcutaneously injected into each of the two flanks of female (Ncr-nu-nu) mice
(Taconic, Germantown, NY). Pellets containing 17-β estradiol (E2) (0.36 mg, 60-day time
release; Innovative Research of America, Sarasota, FL) were implanted one week prior to
cell injections. MDA-231 cell injections: 0.5 × 106 cells/in 0.2 ml/flank (1:1 Matrigel and
medium) were subcutaneously injected into each of the two flanks of female nude mice.
After one week acclimation on a control diet (7012 meal) with 1% sucrose, (Harlan Teklad,
Madison, WI), diets containing CAPE at 0 or 10, 50, or 250 nmol/mouse/day were started 2
days prior to cell inoculation. The 7012 meal was irradiated prior to the addition of CAPE
and sucrose. There were 8 mice per group. The age of mice at cell injection was 9 weeks,
body weights were obtained weekly, mice checked for tumors twice/week, tumor measured
using calipers, and volume quantitated according to L × W × H × 0.5332 formula. The
experimental duration was about 60 days.
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3. RESULTS
3.1 Cytotoxicity of CAPE (Figure 2)

The cytotoxic effects of various concentrations of CAPE on tumor and normal cells are
shown in Figure 2. The viability of MDA-231 (ER−) and MCF-7 (ER+) breast cancer cells
was decreased in a dose-dependent manner by low doses of CAPE, which suggests that
CAPE-mediated inhibition of BC cell growth does not depend on the hormone receptors (ER
and PR, (Fig. 2a, b). In contrast, CAPE exhibited no cytotoxic effects on immortal but non-
tumorigenic MCF-10A (ER−) mammary cells, while growth of MCF-12A (ER+) cells was
inhibited, but to a much lower extent than that of MCF-7 cells (Fig. 2a). As shown in Figure
2b, the viability of MDA-231 and MCF-7 breast cancer cells was further decreased by
higher doses of CAPE (0 – 40 µM), with an IC50 of approximately 15 µM.

3.2 Effect of CAPE on apoptosis (Figure 3)
MDA-231 cells were incubated with or without CAPE, collected, and analyzed by flow
cytometry without gating restrictions. Seventy two h treatment with 40 µM CAPE resulted
in 28.5% Annexin V-positive apoptotic cells as compared to 19% at 0 µM CAPE (UR +
LR). Fas (1 µg/ml) did not cause apoptosis (data not shown), which is consistent with
literature documentation that MDA -231 cells are resistant to Fas-induced apoptosis. In
MCF-7 cells, 20 µM CAPE treatment resulted in 66% Annexin V-positive apoptotic cells
(UR+LR) compared to 44% at 0 µM CAPE (no further apoptosis was observed at 40µM
CAPE).

3.3 CAPE Effects on Cell-Cycle (Figure 4)
MDA-231 and MCF-7 cells were treated with varying doses of CAPE for 48 h and cell cycle
progression was determined using flow cytometry. CAPE induced cell cycle arrest in
MDA-231 cells at the S phase, changing from 18.7% at 0 µM CAPE to 68.6 % at 20 µM
CAPE with a concurrent decline in the G0/G1 phase from 71.7% at 0 µM CAPE to 31.4% at
20 µM CAPE and complete elimination of the G2/M phase from 9.6% at 0-µM CAPE to 0%
at 20 µM CAPE (Fig 4a). Similarly, in MCF-7 cells, CAPE induced S phase cell cycle arrest
changed from 34.5 % at 0 µM CAPE to 53.7% at 20 µM CAPE with a concurrent decline in
the G0/G1 phase from 55.7% at 0 µM CAPE to 35.4% at 20 µM CAPE (Fig 4b).

3.4 Inhibitory Effects of CAPE on Angiogenesis (Figure 5)
It has been shown that propolis inhibits angiogenesis in the chick embryo chorioallantoic
membrane model and in calf pulmonary arterial endothelial proliferation assays [49]. CAPE,
propolis’ component, also inhibited growth of blood vessels in these models [49]. We tested
CAPE in a different model using BCE (bovine capillary endothelial) cells for growth in
Matrigel using treatment with basic fibroblast growth factor (bFGF), a positive control that
increases tube formation by endothelial cells, or with a low dose of CAPE (1.5-µM). As
Figure 5a illustrates, treatment with bFGF increased tube formation, which is a measure of
the ability to develop blood vessels. In contrast, 1.5 µM CAPE inhibited their formation
under normoxia and, to an even greater extent, under hypoxic conditions. Such results
indicate that CAPE can effectively prevent formation of blood vessels even under hypoxic
conditions commonly occurring in solid tumors. MDA-231 cells are known to secrete
vascular endothelial growth factor (VEGF) necessary for endothelial cell growth and
important in tumor blood vessel formation (MCF-7 cells secrete very little VEGF; not
shown). CAPE, from 0 to 40 µM, inhibits VEGF secretion by MDA-231 cells in a dose-
dependent fashion from 0 to 40 µM CAPE, with >90% suppression at the highest dose
(Figure 5b).
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3.5 CAPE Effects on the NF-κB Transcription Factors (Figure 6, Table I)
CAPE modulates NF-κB, it inhibits NF-κB binding activity and decreases the expression of
NF-κB1 (p50) and RelA (p65) [21, 22, 32, 33]. We show here that CAPE inhibits NF-κB
activity in MDA-231 cells (Figure 6a). As shown by Western blotting, MDA-231 cells
exhibited a marked dose-dependent decreases in the protein expression of both NF-κB1 & 2
(p105 & p100, respectively) as well as RelA (p65) when compared to cells not treated with
CAPE. At 20 µM, CAPE inhibited p100 by ~90%, p52 by ~25%, p105 by ~55%, and
phosphorylated (p)-p65 by ~40% (Table I). Further, p-IκB-α, an activated (phosphorylated)
form of IκB-α, and IκB-β, inhibitors of NF-κB1&2, respectively, were decreased by CAPE
to about the same degree (i.e., ~44% at 20 µM CAPE) (Table I), There were no changes
observed in the levels of IκB-α and C-rel proteins. β-actin levels remained the same in
vehicle control and CAPE treated cells. NF-κB is a known downstream signaling molecule
for EGFR signaling, which is important in the proliferation, invasion and metastasis in
breast cancer [50]. TNBC cells are known to overexpress EGFR and MDA-231 cells
exemplify the TNBC phenotype model. Importantly, as shown in Figure 5b, CAPE
decreased the total and phosphorylated (active) forms of EGFR protein expression, thus
providing a mechanistic explanation for the findings reported above.

3.6 Effect of CAPE on Gene Expression and Protein Products in MCF-7 and MDA-231 cells
(Tables II & III)

Gene array studies using the Toxicology and Drug Resistance screen showed down-
regulation of a number of genes in MDA-231 and MCF-7 cells treated with CAPE. Table 2
highlights several of these genes that are important in cell proliferation, apoptosis and
inflammation such as oncogenes, inflammatory cytokines, cyclins, growth factors and
receptors (i.e., EGFR, IGFR-like 1&2, RAR, Egr-1, and NF-κB transcription factors).
Notably, CAPE down-regulates mdr-1 gene expression, considered responsible for the
resistance of cancer cells to chemotherapeutic agents. Protein expression levels of important
proliferation, inflammation, and transcription factors are also depicted in Table 3. CAPE
exposure results in the decreased expression of proliferation proteins Ki-67 (4–5 fold),
PCNA (proliferating cell nuclear antigen), (2-fold in MDA-231 and 4-fold in MCF-7 cells),
and transcription factors NF-κB1&2 (Figure 6 and Table III), p-Erk, p-JNK, p-p38 (2–3
fold) and Stat 3 (2-fold) (Table 3). CAPE also led to the increased expression of ferritin (2–3
fold), an iron storage protein, and cell-cycle regulators p21 and p27 (2-fold in MDA-231
cells, 3–5 fold in MCF-7 cells) (Table III). Of the analyzed genes in CAPE-treated cells,
only one (heme oxygenase, OH-1) was significantly elevated by 4.2-fold in MCF-7 cells,
and a 2-fold increase in protein expression in MDA-231 and 6-fold in MCF-7 cells
respectively (Table II, III), while 71 genes were down-regulated (Table II).

3.7 CAPE-induced Effects on Growth of Breast Cancer Tumor Xenografts (Figure 7)
To study the effects of CAPE in vivo, we utilized the same breast cancer cell lines MCF-7
ER(+) and MDA-231 ER(−) differing in the ER status that were used in our in vitro
experiments. NCR (Balb/c background) female nude mice were tested for responses to the
dietary non-toxic doses of 10, 50, and 250 nmol CAPE/mouse/day. Mice pre-implanted with
E2 (17β-estradiol) were injected with MCF-7 cells in both flanks and fed either regular or
one of the three CAPE-containing diets. Results showed that CAPE diets caused dose- and
time-dependent decreases in rates of tumor growth, as assessed by tumor volume. The most
consistent effects were evident using 50 nmol CAPE-containing diet, which caused
statistically significant decline in growth of large tumors in MCF-7-inoculated mice 19, 26,
32, and 53 days after cell implantation, with 30%, 38%, 42% and 61% decreases in tumor
volume, respectively, with p < 0.005 at CAPE 50 and 250 nmol/mouse/day at the end of the
experiment. The same type of experiments were performed using MDA-231 cells, but
without E2 implantation. After 22 days past cell inoculation, CAPE diet caused decreases in
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tumor volume at all the doses tested but, notably, there were more significant decreases in
tumor volume (~40%; p = 0.009 ) at the lowest dose of 10 nmol CAPE/mouse/day as
compared to 50 and 250 nmol CAPE diets that yielded about 27% decrease in tumor volume
(p = 0.02). There was no toxicity evident at these (10, 50, and 250 nmol CAPE/mouse/day
for 2 months as well as much higher CAPE doses (0.15%/mouse/day for 4 months), as
evaluated by tumor weight and during necropsies (not shown).

4. DISCUSSION
CAPE is known to inhibit growth of different types of cancer cells and here we show that it
also inhibits growth of breast cancer cells, both the estrogen receptor positive as well as the
estrogen receptor negative (TNBC) subtypes. In contrast, exposure to CAPE had no
significant cytotoxic effect on immortalized, but non-tumorigenic breast cancer cells serving
as the controls (Figs 2a & b). This in vitro inhibitory effect was recapitulated in the in vivo
pre-clinical model where we demonstrated that within 3–4 weeks, CAPE decreases the
tumor volume of mouse xenografts by about 40% and over 60% for MDA-231 and MCF-7
xenografts, respectively (Fig 7). Interestingly, the more aggressive phenotype, MDA-231
(TNBC) xenografts were more sensitive to CAPE requiring only 10 nmol CAPE/mouse/day
to achieve this degree of tumor volume reduction compared to 50 nmol CAPE/mouse/day
required for MCF-7 xenografts. Further, both xenograft models support the observation that
low doses of CAPE result in greater effects on tumor growth inhibition as shown by 10 nmol
CAPE producing the most inhibitory effects on MDA-231 when compared to 50 nmol and
250 nmol, as well in MCF-7 xenografts, where 250 nmol CAPE did not cause any further
decrease in tumor growth when compared to 50 nmol (Fig 7).

Flow cytometric analysis shows that CAPE induces an S-phase cell-cycle arrest as
evidenced by the accumulation of MCF-7 and MDA-231 cells in the S phase, from 34.5%
(no CAPE) to 53.7% (at 20 µM CAPE) in MCF-7 cells and from 18.7% (no CAPE) to
68.6% (at 20 µM CAPE) in MDA-231 cells, respectively, with a concomitant decrease in
cell accumulation in the G0/G1 phase of the cell cycle and complete elimination of the G2/
M phases (Fig 4). The validity of these findings is supported by the increased protein
expression of p21 and p27 and gene down-regulation of Rb, TP53, cyclins G1, D1, E1 & C,
and CDK2, (Tables 2, 3) where the combined effect of these regulatory factors produce a net
result of cell cycle arrest.

We examined the role of apoptosis in CAPE-induced tumor inhibition. In MDA-231 cells,
we noticed a small (from 19 to 28%) but significant increase in Annexin V staining in 0 and
40-µM CAPE-treated cells, respectively (Fig. 2). While small, this effect is significant given
that MDA-231 cells are known to be resistant to apoptosis, in particular, fas-induced
apoptosis (control fas antibody did not induce apoptosis in MDA-231 cells, data not shown).
Similarly, a modest increase in Annexin V-positive cells was observed in MCF-7 cells from
44% (no CAPE) to 66% (20 µM CAPE); higher concentrations of CAPE did not result in
further apoptosis increases. Together, these results suggest that the tumor growth inhibition
induced by CAPE is due in part to both cell-cycle arrest and apoptosis as has been shown by
others but, in our breast cancer model system, cell-cycle arrest appears to be playing a more
significant role.

Angiogenesis, or new blood vessel growth, is defined as a process in which a network of
new blood vessels emerges from preexisting vessels [51]. It has been shown that exponential
tumor growth over a few mm3 in size is dependent on the recruitment of its own nutrition
and oxygen supply by angiogenesis [52]. The components of propolis have been studied in
this regard and CAPE was demonstrated to have significantly strong anti-angiogenic effects
on tube formation and growth of human umbilical vein endothelial cells (HUVECs) [40].
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We sought to determine whether the tumor inhibitory effects of CAPE could also be a
consequence of angiogenesis inhibition in breast cancer. We were able to recapitulate in our
laboratory the anti-angiogenic effect of CAPE in our breast cancer model system first on
tube formation by bovine capillary endothelial cells (Fig 5a) then on human mammary
endothelial cells (HMECs) where CAPE at low doses from 0 to 5-µM effectively inhibited
HMECs in a dose-dependent manner (data not shown). When we tested for CAPE’s effect
on VEGF in MDA-231 cells, we observed a dose-dependent inhibition of VEGF secretion
(Fig 5b). (MCF-7 cells do not secrete any significant levels of VEGF, which we verified
(data not shown).

The NF-κB signal transduction pathway is deregulated in a variety of human cancers [53–
54]. NF-κB plays a critical regulatory role in the expression of numerous target genes that
control cell death, proliferation, differentiation, and immune and inflammatory responses
[55]. In most types of cancer cells, NF-κB is constitutively active. [54, 56–58]. However, in
breast cancer cells, high-level NF-κB activation is found in 86% of HER2-positive but ER-
negative cancers, 33% of basal-like cancers (HER2-negative and ER-negative, and only
weakly in ER-positive cancers [50]. The absence of constitutive NF-κB activation in ER-
positive cancers is remarkable, and probably explained by specific inhibitory crosstalk
between NF-κB and ER signaling [50].

Blocking NF-κB has been shown to stop tumor cells from proliferating, to die, or to become
more sensitive to the action of antitumor agents, especially antioxidants [59]. Inhibition of
NF-κB activation produces a corresponding increase in apoptosis, indicating that the balance
of cell viability versus cell death is preserved by the degree of NF-κB activation [58].
Therefore, agents capable of down-modulating the activation of NF-κB have a potential for
use in therapeutic interventions. CAPE inhibits NF-κB 1&2 in MDA-231 breast cancer cells.
Further, p-IκB-α, an activated (phosphorylated) form of IκB-α, and IκB-β, inhibitors of NF-
κB1&2, respectively, were decreased by CAPE to about the same degree (i.e., ~44% at 20
µM CAPE) (Table I). Thus, low doses of CAPE down-regulate the activation of NF-κB and
could become an agent that is useful for therapeutic intervention. This is particularly true in
TNBC cells that overexpress EGFR, a molecular feature important in their tumorigenesis
and which acts on downstream NF-κB activation. CAPE’s ability to inhibit EGFR lends
further support for its therapeutic potential given the number of targeted therapeutic agents
against EGFR available in clinical oncology today for malignancies including head and neck
cancer, lung cancer and colon cancer, to name a few [60].

Gene arrays showed that CAPE causes extensive changes in gene expression in both ER+
and ER− types of breast cancer cells. Heme oxygenase 1, an inducible stress protein that
protects against oxidative damage, was increased in both MDA-231 and MCF-7 cells (Table
III). As listed in Table II, the down-regulated genes in both cell lines include DNA damage-
inducible genes, heat shock proteins, chaperonins, PCNA, topoisomerase I, and NF-κB1
(p105). Additional CAPE down-regulated genes in MCF-7 cells include ERα, RAR,
cytochrome P-450s, and glutathione reductase. In MDA-231 cells, down-regulated genes are
inflammatory cytokines, cyclins, RXR, ATM, BCL2-like, BCL-2 associated athanogene (an
anti-apoptotic protein), various oncogenes, thus showing decreases in oxidative stress and
cell proliferation, and an increase in a pro-apoptotic potential. Importantly, CAPE inhibited
expression of IGFR-like 1&2. The majority of preclinical data show that insulin growth
factor receptor (IGFR1) activation reinforces and potentially amplifies the biological effects
of ER activation in breast cancer [61]. Studies showing anti-estrogens, like tamoxifen, can
inhibit IGF mediated growth [62–63] and the finding that anti-IGF strategies can inhibit
estrogen-mediated growth have led many to suggest that IGFs are partially responsible for
estrogen-mediated signaling. However, there is also evidence for a role for IGFR1 in TNBC.
IGFR1 is amplified in TNBC and studies have shown that treatment with anti IGF1 therapy
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in combination with chemotherapy in a TNBC primary human tumorgraft with high levels
of both IGF-IR expression and activity, showed significant growth inhibition [64].

Importantly, we found that CAPE also inhibits expression of the mdr-1 gene (Table 2)
known to confer resistance to chemotherapeutic drugs in cancer cells. Hence, it is likely that
this decrease in multi-drug resistance gene levels (~4-fold) is the reason for a strong
inhibition of growth and cell-cycle arrest by a concurrent treatment of CAPE and Taxol in
vitro and in vivo when each is used at suboptimal doses (37, Omene C et al, manuscript in
preparation). A decline in this gene should decrease not only the risk of drug resistance, but
also allow the use of lower doses of therapeutics, e.g, paclitaxel (Taxol), with greater
effectiveness and fewer side effects. These results suggest that CAPE could be used in
adjuvant capacity to standard chemotherapeutic drugs as well.

Overall, our results strongly suggest that CAPE inhibits MDA-231 and MCF-7 human breast
cancer cell growth due to its cytotoxicity in tumor but not normal cells and its effects on
apoptosis, cell cycle, NF-κB and angiogenesis. We propose that CAPE is a viable candidate
as a new therapeutic agent by itself as well as an adjuvant to standard chemotherapeutic
drugs; the ongoing research should further delineate the mechanism(s) of CAPE effects on
breast cancer.
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Fig. 1.
Molecular structure of CAPE
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Fig. 2. CAPE inhibits growth of breast cancer cells
The cell lines were cultured and then incubated with different concentrations of CAPE and
analyzed using the MTT assay as described in the Materials and Methods section. a) The
viability of MDA 231 (ER−) and MCF-7 (ER+) breast cancer cells was decreased by CAPE
in a dose-dependent manner. b) In contrast, exposure to CAPE had no significant cytotoxic
effect on the control cells, the immortal but non-tumorigenic MCF-10A (ER−) cells and
MCF-12A (ER+) cells. All the determinations were carried out on 3–7 replicates. Growth of
MDA-231 cells (first left bar) was dose-dependently (1–5 µM CAPE) and significantly
inhibited (30.6%±6.9; **p<0.0001 at 72 h) when compared to untreated controls, while
growth of control MCF-10A cells (second bar) was not affected at all. MCF-7 cell growth
(third bar) was also dose- and time-dependently inhibited by 1–5 µM CAPE when incubated
for 72 h with 5 µM CAPE suppressing cell growth down to 25.8%±9.3; *p<0.0001 of the
untreated cells, while the growth of control MCF-12A cells (right bar) was decreased to
74.3%±1.9, with the overall difference being about 50% between the two ER (+) cell lines
(Figure 2a). As shown in Figure 2b, the viability of MDA-231 and MCF-7 breast cancer
cells was further decreased by higher doses of CAPE (up to 40 µM), with an IC50 of
approximately 15 µM. The experimental differences were determined by two-tailed
Student’s t-test and p ≤0.05 was taken as a significant difference in all cases
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Fig. 3. CAPE induces apoptosis
MDA-231 and MCF-7 Cells (3 × 105) were cultured and incubated with CAPE for 72 h then
treated with Annexin V-FITC and propidium iodide (PI) according to the Materials and
Methods. After 72h, 40 µM CAPE caused an increase in Annexin V-positive apoptotic cells
(Upper Right and Lower Right quadrant (UR+LR)) as compared to 0 µM in MDA-231 cells.
In MCF-7 cells, 20 µM CAPE treatment resulted in an increase in Annexin V-positive
apoptotic cells (UR+LR) when compared to 0 µM
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Fig. 4. CAPE induces cell cycle arrest
MDA-231 and MCF-7 cells were treated with varying doses of CAPE for 48 h and cell cycle
progression was determined using flow cytometry. CAPE exposure resulted in cell cycle
arrest in the S-phase in a dose dependent manner for both MDA-231 (a) and MCF-7 (b) cells
with an increase in the S-phase compartment and subsequent decrease in G0/G1 and G2/M
phases. This figure is a representative of 3 independent experiments
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Fig. 5. CAPE inhibits angiogenesis
a) Bovine capillary endothelial (BCE) cells were grown for 24 h in 24-well plates coated
with Matrigel under normoxic or hypoxic conditions without treatment (controls), with 1.5-
µM CAPE or bFGF (basic fibroblast growth factor, positive control). 1.5-µM CAPE
inhibited tube formation under both normoxic and hypoxic conditions. b) MDA-231 cells
were cultured at treated with different concentrations of CAPE (0–40 µM) and VEGF
quantified in the media according to the Materials and Methods. CAPE inhibits VEGF
secretion by MDA-231 cells in a dose dependent fashion from 0µM to 40 µM CAPE. This
inhibition was statistically significant from 10µM CAPE (*p = 0.005), 20 µM CAPE (**p <
0.0001) up to 30µM CAPE (***p < 0.0004); n= 3. The experimental differences were
determined by two-tailed Student’s t-test and p ≤0.05 was taken as a significant difference in
all cases.
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Fig. 6. CAPE inhibits NFκB
a) MDA-231 cells were cultured and treated with CAPE for 48 h and protein lysates made as
described in Materials and Methods. In MDA-231 cells, immunoblotting show CAPE-
induced dose-dependent decreases in protein expression:IκB-β, p52 (3-fold) and p-IκB-α
(20-fold), and the NF κB subunits p50, Rel B (1.5-fold), p-p65, p105 (2-fold), and p100 (5-
fold). There were no changes observed in IκB-α and C-rel protein levels (blots not shown).
Autoradiographs were scanned and bands quantified by a densitometry scanner.
Densitometry results were expressed relative to a normalized protein control (β actin). b)
CAPE inhibits both the total and phosphorylated forms of EGFR protein expression in a
dose dependent manner. Representative blots are shown
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Fig. 7. CAPE inhibits breast cancer xenograft tumor growth
MDA-231 or MCF-7 cells/in 0.2 ml/flank (1:1 Matrigel and medium) were subcutaneously
injected into each of the two flanks of female nude mice and fed with a diet containing cape
or control diet. CAPE decreased the tumor volume of mouse xenografts by about 60% for
MCF-7 (CAPE 50 nmol/mouse/day) xenografts with tumor volume greater than the means
and 40% for MDA 231 xenografts (CAPE 10 nmol/mouse/day). The most consistent effects
were evident using 50 nmol CAPE/ mouse/day diet, which caused statistically significant
decline in growth of large tumors in MCF-7-inoculated mice 19, 26, 32, and 53 days after
cell implantation, with 30% 38% 42% and 61% decreases in tumor volume, respectively,
with p < 0.005 at CAPE 50 and 250 nmol/mouse/day at the end of the experiment. In
MDA-231 cells, CAPE diet caused decreases in tumor volume at all the doses tested but,
notably, there were more significant decreases in tumor volume (~40%; **p = 0.009 ) at the
lowest dose of 10 nmol CAPE/mouse/day as compared to 50 and 250 nmol CAPE diets that
yielded about 27% decrease in tumor volume (*p = 0.02). The experimental differences
were determined by two-tailed Student’s t-test and p ≤0.05 was taken as a significant
difference in all cases
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Table II

Effects of CAPE on Toxicology & Drug Resistance Genes (Superarray)

GENES (MDA 231 Cells) Decreased (fold) GENES (MCF-7 Cells) Increased (fold)

Oncogenes & homologs (v-abl, ELK1, v-
act

11; 3-4 Heme oxygenase 1 4.2

Cytokines (TNF-a super-family, IL-6
GM-CSF, IL-1b)

11 6; 4 Decreased (fold)

Cyclins (G1, D1, E1, C) 7, 2 Excision repair cross-complementing rodent repair
deficiency, compl. Group 3 (XPB) & compl. Group1

5.6 & 3.5

Egr-1; CDK-2 7; 4 PCNA 4.5

Chaperonins containing TCP1 2.0 --3.2

Retinoid X (α&β) & Retinoic acid
receptor

4; 2;2-4 DNA damage-inducibe transcript 3 2.8

Topoisomerase (DNA) I 2.6

Nuclear receptors subfamily 1 4 Suppression of tumorigenicity 13 (Hsp70-interacting
protein)

2.5

ABC subfamily B (MDR1/TAP) 4 Hsps (27, 70 & 90) & Hsp-interacting proteins 1.4 -- 2.5

IGF-like receptors 1&2; IGFBP6 3.5;2;2 Retinoblastoma 1 (Rb-1 2.5

Estrogen receptor 1 (ER-α) 2.4

NF-κB1 & NF-κB2; IkB α & β 3.3;2 Cytochrome P450s 1.5 -- 2.3

Glutathione reductase 2.2

ATM (complement. Groups A,C&D) 3 NF-kB1 (p105) 2

Retinoic acid receptor, β & α (RARs) 2 & 1.5

EGFR; Topoisomerase 1; PCNA 3;2.5;2 Cdk inhibitors (p27, Kip1 & p19), Cyclin E1 1.7 -- 1.9

Chemokine (C-C motif) 1.8

BCL2-like 1&2; BCL2-assoc. athanog 1.7 P53 1.8

Rb 1; TP53 1.7; 1.5 E2F transcription factor 1 1.5
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